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The purpose of the study was to analyze and compare the teach-

ing styles of a trial group of junior secondary science teachers

trained to use and using new materials, and a control group of teach-

ers using traditional materials. The new materials consisted of por-

table science kits, demonstration apparatus, teacher's guides, and

pupil worksheets. Inservice training consisted of a five-day orienta-

tion course and three three-day content courses.

Classroom observation was undertaken using the Science Teaching

ObserVation Schedule and Teacher Profile Form A. The former records

23 intellectual transactions, divided into teacher questions, teacher

statements and directives, and pupil activity. The latter is an open-

ended checklist of questions on the quality of instruction and teacher

and pupil actions.

Following the inservice training, teachers were usually observed



for three class periods of 30 minutes each. The data were supplemented

by visiting schools before and during the study, and by actually using

the new materials in three Ciskei classes.

Lessons were characterized by teacher statements and directives,

but trial teachers only spoke 71% of the time compared with 99% in the

control group. Trial teachers asked a wider range of questions, but

used fewer recall-type questions. Pupil activity in trial classes took

the form of working in groups, using the kits and worksheets. No pupil

activity was recorded in control classes.

The characteristics of the school system were found to be impor-

tant in determining the existing teaching style and the extent to which

change could be realized. The desired change in teaching style was a

role change which was difficult to achieve without certain structural

changes and impossible to achieve fully within the existing school

system.

In that the study was cross-cultural, techniques from the

"scientific" and "hermeneutic" paradigms were applicable. The use of

systematic observation, and informal observation and interpretation,

enabled a more coherent explanation of the influences on teaching

style than would otherwise have been possible.
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THE EFFECTS OF NEW SCIENCE MATERIALS AND INSERVICE TRAINING

ON TEACHING STYLES IN THE CISKEI, SOUTH AFRICA

INTRODUCTION

"Give me a fish and I eat for a day

Teach me to fish and I eat for a life-time"

The above thought was the guiding principle behind a science

curriculum development project which was started in the Ciskei, South

Africa in 1976. Called the Science Education Project (SEP), the major

aim was that pupils should do science. Materials were introduced into

six junior secondary schools in the Ciskei in 1978, and in 1979 a

further seven Ciskei schools joined the Project. At the same time the

Project materials were introduced in some Soweto and Transkeischools.

Kits of apparatus for biology and physical science, teacher's guides

to textbooks and pupil worksheets were produced. Inservice training

for teachers using the materials was also provided. Further back

ground to the Project is included as Appendix I.

The outline of the Project (Rogan (1976)) included plans for ex

tensive evaluation. Early in 1977, the Project director invited me

to undertake some of the evaluation for my doctoral research, and in

August 1978 I joined the Project team in Alice in the Ciskei. Over

the next 18 months a variety of studies were undertaken, including

work on teacher and pupil attitudes to science and science classes,

the reasoning ability (Piagetian) of pupils, and the reaction of

teachers to curriculum innovation. Colleagues investigated the ini-

tial reaction to the Project, the achievement gains of pupils on both

practical and written examinations and language difficulties. Re-

ports were published from 1977 to 1980.

Parallelling the work on teacher attitudes and teacher reaction

was a study on the effect of Project materials and training on the

teaching styles of teachers. It is this study that is discussed in
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detail in this thesis. A short report giving the main results of the

observational program was published in early 1980 (Macdonald (1980a)).

A. THE PURPOSE

The major purpose of this study is an analysis and comparison of

the teaching styles of teachers who had been trained to use and were

using new science materials with the teaching styles of teachers using

traditional materials. The collection and analysis of data, chiefly

obtained by classroom observation with a systematic schedule and a

checklist, has been directed towards an investigation of teaching

styles.

The study will test the following hypothesis:

There is a difference between the teaching style of a trial
group of teachers, who have undergone inservice training and
who are using SEP materials in their science classes, and the
teaching style of a control group of teachers, who have not
undergone inservice training nor are using SEP materials in
their science classes.

The major purpose however cannot be achieved satisfactorily, nor

can data be interpreted, unless some related questions are considered.

The first of these is determining whether "new materials and in-

service training" are the key factors in the change of teaching style,

or whether such a change depends also on other factors. To do this,

perspectives of, dimensions of, and factors affecting curriculum change

are considered. Also, the relationship between teaching styles, models

of teaching and new science curricula is explored in order to under-

stand the meaning of the term "teaching style."

Secondly, this study was carried out while two debates on meth-

odological issues had not reached resolution. The study has its origin

in the evaluation of a curriculum development project, and relied on

classroom observation for its data. Since the early 1970's and in the

wake of the evaluation programs of the 1960's, some iavestigators have

advocated the use of illuminative rather than normative evaluation



techniques. Illuminative evaluation relies heavily on participant

observation in gathering data, and normative evaluation involves the

extensive use of tests and measurements. In the same period, some

researchers of classroom events and processes have advocated the use

of anthropological rather than interaction analysis techniques to

obtain data. The extent to which the present study has taken a po-

sition on the issues raised by the debates is considered. In addi-

tion, the study was carried out in a cross-cultural context. The

interpretation of the research process and data obtained is thus

doubly difficult.

The relationship between these questions is shown schematically

in Figure 1, which serves as a conceptual map for this study. The

questions have been tackled directly through a study involving class-

room observation and indirectly through a critical analysis of re-

lated curriculum and methodology literature.

In summary, this study will focus on the following questions:

1. What is the effect of a curriculum package of new materials and

inservice training on science teaching styles in the Ciskei?

2. What are the chief characteristics of the teaching styles of

Ciskei science teachers?

3. What is the relationship between the nature of the curriculum

package, the observed teaching styles and the context of the

study?

4. What methods are most useful for reaching an understanding of

curriculum change?

5. What methods are most useful for classroom observation?

6. How does the cross-cultural nature of the study influence the

choice of methods?



Figure 1 - The relationship between the questions
considered in the study.

Is a curriculum package
of materials and train
ing a KEY factor in bring-
ing about curriculum
change?

4

To what extent is teach-
ing style a dimension of
curriculum change?

WHAT EFFECT DOES A CURRICULUM PACKAGE OF
NEW MATERIALS AND INSERVICE TRAINING HAVE
ON THE TEACHING STYLES OF SCIENCE TEACHERS
IN CISKEI, SOUTH AFRICA

Should normative or
illuminative techniques
be used in curriculum
evaluation?

Should interaction anal-
ysis or anthropological
techniques be used in
classroom observation?

To what extent does the cross-
cultural nature of the study
affect the position taken on
methodology issues?



B. THE ORIGIN OF THE STUDY

In August 1976, the Science Education Project (SEP) began a

four-year research and development program, with a base on the campus

of the University of Fort Hare in the Ciskei, South Africa. In an

outline of the Project submitted to the funding agency earlier that

year, the director said (Rogan (1976), p. 1):

The Project will address itself to a number of
specific problem areas connected with science
education.

These are:

(i) The equipping of schools on an economical
basis. (The word "economical" is used in
the sense of "good value for money" rather
than "cheaply").

(ii) A change in teaching strategies away from
rote learning towards an inquiry based
approach.

(iii) The production of tested supplementary ma-
terials such as teacher guides and pupil
worksheets.

He went on to say that a "package deal" approach would be used, where

textbooks and apparatus would be supplied together, and that teachers

would be provided with professional guidance, in the form of courses,

school visits and materials, on the use and maintenance of the supple-

mentary materials and apparatus. Each school was to be visited regu-

larly "to evaluate factors such as teaching strategy and teacher at-

titude" (p. 3).

Thus one of the main problems which the Project team wanted to

tackle was the rote-learning - recitation approach used in science

teaching. Thus a large part of the evaluation activities were to be

directed towards monitoring progress on the problem. It was felt by

those involved in the development of materials andimservice training



that a study involving classroom observation would be suitable for this

purpose.

C. THE NEED FOR THE STUDY

Given that the Project team wanted to change teaching strategies,

and that it wanted this change monitored, what justification was there

for this focus on the teacher?

Considering science education in South Africa alone, at least two

justifications can be isolated. At the gathering of South African edu-

cators or trainers, a conversation topic is the inability of pupils

and people entering the work force to solve problems. The director of

the Project had been associated with the inservice training of black

science teachers for a number of years, and he felt that major reasons

for this inability to solve problems were the "lack of facilities and

apparatus, overcrowding, poorly qualified teachers and unsuitable

texts" (Rogan (1976), p. 1). Above all though, he felt that the prob-

lem lay with teaching strategies and the use of resources. Beeby

(1966) has asserted that the education and training of a teacher de-

termines the extent to which teaching strategies other than rote

learning can be incorporated into the classroom.

Duminy (1973) felt that the excessive use of rote learning arose

primarily because of "serious discontinuities between the school and

the child's own social and cultural environment" (p. 55). He also

notes that other reasons could be the tradition of schools producing

administrative personnel; teachers inadequately trained with few re-

sources available; and overcrowding in schools as enrollment increased.

The need to bring about change in the classroom is imperative; equally

important is the need to monitor the change in order to explain it or

guide it.

Very little is known about the teaching styles of South African

science teachers, apart from generalizations such as "they talk a lot"

or "they hardly ever do experiments." No other observational studies



of black science classrooms could be traced prior to this study; one

(Penny (1980)) was carried out at the tertiary level at the same time

as the present study was conducted at the junior secondary level.

This observation of a first-year physics laboratory adds weight to the

argument expressed above. Thus although South African educators are

keen to bring about changes in the classroom, research data on exist

ing practices in the classroom are not readily available. This is

particularly true of black classrooms.

Going beyond science education in South Africa, other justifica-

tions for the study can be identified. Since 1957, science education

has seen the advent of new science programs, designed to stimulate in-

terest and enhance inquiry and discovery skills in science. Thestruc-

ture and content of science were to be emphasized, and it was often

assumed that the early packages were "teacher proof." It took awhile

for evaluators and/or science educators to consider seriously the role

of the teacher in curriculum development.

By the late 1960's, studies such as those by Balzer (1969) and

Gallagher (1970) indicated that teachers played an important role in

curriculum development. Gallagher doubted that a BSCS (Blue version)

curriculum really existed since the differences between groups of

teachers could not be attributed simply to the difference in the cur-

ricula they were using.

By 1977, in the preface to the second edition of The Process of

Education, Bruner (1977, p. xv) was able to make the statement:

Whoever has undertaken (the production of a curric-
ulum) will probably have learned many things. But

with luck, he will also have learned one big thing.
A curriculum is more for teachers than it is for
pupils. If it cannot change, move, perturb, inform
teachers, it will have no effect on those they teach.
If it has any effect on pupils, it will have it by
virtue of having had an effect on teachers.

Not only is it necessary to study the effect of the package on teach-

ers, but it is necessary to study the effect in the classroom.



Morrison and McIntyre (1973) and Eggleston and Galton (1976) have

voiced this necessity. Dunkin and Biddle (1974, p. 26) said

In the typical setting an experimental group of
teachers trained with the new materials is com-
pared with another group that has not received
training for effects on pupil gain scores, with
no attention being given to what the two groups
do in the classroom.

Allied to this is the suggestion made by Blosser (1973) that

more descriptive research studies need to be undertaken to understand

what actually goes on in the classroom. This sentiment has been

echoed by Delamont and Hamilton (1974), Power (1977) and Westbury

(1978).

This study arose as part of an evaluation program on the imple-

mentation of SEP. Fullan and Pomfret (1977) have given four reasons

why implementation should be studied. Firstly, we cannot know what

has changed unless an attempt is made to conceptualize and measure it

directly. If we do not study implementation, we can never understand

why some changes never become established. If implementation is not

studied, it can either be ignored or confused with adoption. Finally,

it may be difficult to interpret learning outcomes and relate these

to determinants, unless implementation is closely followed.

One feature of most implementation programs is inservice train-

ing, and most programs introduce new materials. Evans (1973) and

Fullan and Pomfret (1977) have both reviewed these aspects, and noted

that the effects of training or materials on users are not consistent.

Both noted that this was particularly true at the secondary level,

where teachers are more highly qualified in their subject areas. At

the elementary level, training or materials can lead to more student

involvement and more teacher procedural statements. One cannot gen-

eralize from these reviews to the South African situation, where

teachers are poorly qualified in science, nor to SEP, which was in-

troduced into junior secondary schools.



Methods for studying teachers in the classroom are not fully

established. Blosser (1973) has suggested that existing observation

instruments should be used more than once in order to establish the

instrument's potential value as a standard research instrument. The

main instrument used in this study has been used in England (Eggleston

et al. (1975), Dreyfus and Eggleston (1977)) and in Canada and Israel

(Galton (1978)). Others (Stubbs and Delamont (1976), Delamont (1976a))

do not agree with Blosser, for they feel that pre-specified categories

limit the description of what occurs in the classroom.

In summary, the need for this study is as follows:

a. in curriculum development, the role of the teacher is

all important and the effects of a new curriculum can-

not be examined independently of the teacher,

b. an examination of the role of the teacher must include

classroom observation,

c. it is important to study the process of implementation

if changes are to be observed and accounted for, or the

absence of change explained,

d. the effects of new materials and inservice training

have not been found to be consistent for secondary

school teachers and in particular, the intended effect

on teaching style cannot be assumed to have occurred,

e. studies on teaching styles and their relationship to

models of teaching need further exploration and this

is particularly true for South Africa, where such re-

search is practically non-existent, and

f. the purpose of classroom research and its associated

methods and benefits are not yet fully understood nor

established.
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D. OVERVIEW OF THE PROCEDURE

The study is limited to junior secondary science teachers in the

Ciskei who attended an introductory orientation course on SEP aims,

methods and materials, who attended three content courses during the

school year, and who began using the materials in 1979. Teachers from

schools in the same area, but who had no prior association with the

Project and who were not using Project materials were used for purposes

of comparison. The teachers who attended the content courses but not

the orientation course were not included in the study.

During the third quarter of the school year, each teacher in the

trial and control groups was observed three times, with the exception

of one teacher who was visited only twice. A record of each lesson

observed was made, using the Science Teaching Observation Schedule

(STOS) (Eggleston et al.(1975)) and the Science Education Project

Teacher Profile Form A (TPA). The former was developed for use in

England in the evaluation of Nuffield Science, and the latter was de-

veloped by the Project staff. Of the three visits to each teacher,

two were surprises and one preplanned.

The data obtained from STOS were analysed in terms of frequencies,

the rank order of frequencies and the Mann-Whitney U test, and by using

cluster analysis. Responses to TPA were content-analysed and frequen-

cies of key responses noted.

E. CONSTRAINTS ON THE STUDY

1. Assumptions

a. A minimum of three observations, each of one 35- minute class peri-

od, is sufficient to describe the teaching style of an individual

teacher.

b. A record of verbal classroom transactions provides a meaningful

record of cognitive classroom activities.
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c. The instruments STOS and TPA can provide a reliable and valid mea-

sure of selected classroom activities.

2. Limitations

a. Measurement of teaching style is limited to observations using

STOS and TPA.

b. The study is limited by the reliability and validity of STOS and

TPA results.

c. Observations of groups are limited to three class periods per

teacher.

d. The presence of an observer affects the regular pattern of class-

room events.

e. The quality of observations is limited by observer ability and

skills, and type and length of training in the use of the techniques.

f. The study is limited to junior secondary science teachers in Ciskei.

g. The inservice training is limited to one one-week orientation

course and three three-day content courses and can never be exactly

replicated.

3. Delimitations

a. Teaching style is not related to measures of pupil growth.

b. The intrinsic worth of each style is not evaluated.

c. The sequential nature of classroom interactions is not recorded.

F. DEFINITIONS OF TERNS USED IN THE STUDY

Science Education Project (SEP): The use of this term will include

the aims and activities of the Science Education Project during its

four-year development phase from mid-1976 to mid-1980. The major aim
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of the Project was that pupils should do science. To this end included

in its activities were the development and production of materials to

assist teachers and pupils in the performance of practical work. Also

as part of the major aim, it encouraged the use of the process approach,

by emphasizing such processes as observing, measuring and classifying

in the written materials and at the inservice courses.

The four secondary aims of the Project were the development of

reasoning skills, language ability, social skills and self-sufficiency

and initiative. Other activities besides the production of materials

and running of inservice courses included extensive school visits by

developers and evaluators, and an extensive evaluation program covering

the materials; the orientation course; pupil attitudes; pupil achieve-

ment; pupil reasoning skills; teacher attitudes; and teaching styles.

For full details of the Science Education Project in the Ciskei, see

Rogan (1976) and Macdonald (1980d).

New materials: The materials developed by SEP are portable kits, pupil

worksheets, teacher's editions of the worksheets and teacher's guides

to the textbooks.

a. Portable kits, containing basic science apparatus and designed for

use by groups of five to eight pupils in existing junior secondary

classrooms or laboratories were developed by the SEP team. Most

of the prescribed practical work can be carried out with the kits.

The remainder is performed by the teacher with apparatus provided

by SEP.

b. Pupil worksheets, providing guidance for group activities using

the portable kits were written by the SEP team. Each worksheet

includes a problem statement, a procedure to follow and questions

to be answered. The procedure makes extensive use of diagrams.

c. Teacher's editions of the worksheets, providing additional back-

ground to the worksheets, instructions for any advance preparation

needed, and content and process objectives for each worksheet were
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prepared by the SEP team. The first 30 pages of each edition cover

the major and secondary aims of SEP; the use of processes; teaching

skills advocated by the Project, such as questioning; and guide-

lines for organizing and performing practical work.

. Teacher's guides to the three most commonly used junior secondary

textbooks were written. These outline schemes of work and provide

detailed lesson plans (broken into content and method sections),

followed by the key concept, key questions, and objectives.

Full details of the new materials are included in Appendix I.

Traditional materials: These consist of the prescribed textbook and

any science apparatus possessed by the school. The latter is virtually

nonexistent in the control schools. There is no teacher's handbook for

the textbooks used in the control schools.

Inservice training: The supplementary training provided by SEP was one

orientation course and three content courses.

a. A one-week introductory orientation course covering the history of

the Project, its aims, its emphasis on the use of processes and

introducing the teaching skills necessary for using the materials

was held at the end of 1978, as schools prepared to close for the

summer vacation. Further details are included in Appendix I.

Much of the program was based on the introduction to the teacher's

edition of the worksheets. Teachers were also introduced to the

kits and their components, and tried out a number of demonstrations.

b. Three three-day content courses, during which teachers worked

through all the worksheets and demonstrations they would perform

on returning to their schools were held in late January, late

March, and early August 1979. Extra background on the topics in

the form of short talks was also provided by the developers. At

the second and third courses a short time was set aside for feed-

back discussions. Half of each course was spent on biology



14

activities and half on physical science activities. The course

instructors were two of the three main writers of the teacher's

guides and worksheets. (Examinations in the schools were writ-

ten in mid-October, about ten weeks after the last course.) For

further details see Appendix I.

Science Teaching Observation Schedule (STOS): This systematic obser-

vation schedule was developed by Eggleston at al. (1975) for use in

the evaluation of Nuffield Science materials and methods in England.

It covers the cognitive aspects of science lessons only, and is a

sign system. Interactions are recorded once and once only each min-

ute if they occur during that minute. See Appendix I for a copy.

Teacher Profile Form A (TPA): This questionnaire was developed by

the Project for use in recording aspects of lessons not covered by

STOS, such as the quality of questioning, the attention to SEP aims,

classroom atmosphere and pupil interest. It covers cognitive, af-

fective and managerial aspects of lessons. Responses are open-ended

in principle but limited in practice, and completed by the observer

after the lesson has been completed. See Appendix III for a copy.

Teaching style: This is chiefly characterized by the patterns of

cognitive, verbal interaction recorded by STOS and TPA which were

found to occur repeatedly in the lessons observed. Such patterns can

consist of interactions which occur frequently (e.g., teacher talk-

ing) and those which happen seldom (e.g., pupil asking questions).

Classroom observation: This consisted of systematic observation,

using STOS according to the guidelines set up by the STOS developers;

and semiformal observation, using TPA. One observer was seated in a

convenient, reasonably unobtrusive spot in the classroom and had in

front of him/her a copy of STOS and a watch. If necessary, the ob-

server moved from group to group during practical work, making no
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specific attempt to stay within earshot of the teacher at all time.

The TPA was completed after the lesson.

Junior secondary schools: Schools offering instruction to pupils in

Standard 6,7 and 8 (eighth, ninth and tenth year of schooling). Pro-

ject materials were introduced into all three standards, but only on

a small scale in Standard 8. The present study included science teach-

ers from Standard 6 and 7 only.

Teachers: Science teachers in the schools under discussion.

Trial schools: Those schools staffed by trial teachers who had attend-

ed all aspects of the inservice program.

Project schools: Those schools staffed by Project teachers using Pro-

ject materials, who may or may not have attended all aspects of the in-

service program. The trial schools form a subset of these.

Control schools: Those schools staffed by control teachers using tra-

ditional materials and selected to serve as part of the control group.

Processes: These were conceptualized by the Project development team

as the mental, rather than the manual, aspects of doing science. They

included the following:

Observing Predicting

Measuring Hypothesizing

Making comparisons Designing an experiment

Identifying a substance Communicating scientific information

Classifying Making a model

Formulating a relationship

These processes were discussed in detail at the introductory orienta-

tion course and in the teacher's edition of the worksheets. Content

and process objectives were also stated before each worksheet in the

latter.
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Inquiry-based approach: This was conceptualized by the Project team
as an approach to science teaching which included the solving of

"problems," mainly practically; the use of questioning, particularly

higher-level and observation-based questioning, by teachers during les-
sons; and the active encouragement of the development of reasoning and
initiative. It was not possible to advocate nor implement lessons with

more characteristics of inquiry lessons because of the nature, length

and difficulty of the prescribed syllabus, the inadequacy of facilities
for independent pupil work, and the inadequate training and education
of the teachers.

Curriculum: This denotes the range of materials, instructional tech-

niques, and teacher and pupil activities in a specific course or dis-

cipline, as well as its goals and evaluation techniques. Usually the
term will refer specifically to the science component of a school's

activities, and to the actual, not intended, curriculum. If neither of
the above, the broader use of the term is usually noted.

Curriculum package: This denotes both new materials and inservice

training being introduced concurrently and interdependently with the

intention of changing the actual curriculum. In that both the materi-

als and the training incorporate the ideas of new teaching methods,

the use of the term will encompass "materials and training" as intended

by the developers of the package.

G. ORGANIZATION OF REMAINING CHAPTERS

In chapter II, literature related to curriculum questions is con-
sidered. Aspects of curriculum change and teaching styles are discuss-

ed, with frequent and explicit reference to the Science Education Pro-

ject in the Ciskei being made.

Chapter III considers the literature related to the methodology

questions raised by the study. Some of the assumptions and methods
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currently prevailing in educational research are identified and related

to the methodological difficulties of the present study. Curriculum

evaluation, classroom observation and cross-cultural research are con-

sidered in detail, and once again there are frequent references to the

Science Education Project.

Chapter IV covers the procedure finally adopted in the present

study and gives details of the design of the study, the subjects, the

observations, and the instruments used in the observations. Since this

study was one of a number of evaluation studies, a summary of the re-

sults of other studies on the Project is given.

All the results of the observations are presented in Chapter V

and are analysed in detail in an attempt to describe the teaching styles

of the trial and control groups and to pick out similarities and dif-

ferences. In Chapter VI, there is an attempted synthesis of ideas in

Chapters II and III and the results found in Chapter V. Reasons for

the changes in teaching styles observed, and also for those areas in

which there were no changes, are suggested. Some strengths and weak-

nesses of the study are discussed. Recommendations, primarily for

curriculum developers, conclude the study in Chapter VII.
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II. CURRICULUM QUESTIONS AND RELATED LITERATURE

A. CURRICULUM CHANGE

One prerequisite to a discussion of curriculum change is a clar-

ification of what is meant by the term curriculum. Thus before the

main themes of this chapter are tackled, the concept of curriculum is

considered, albeit briefly.

At its simplest, a "curriculum" might be said to embody three

general areas, which are not independent of each other, nor is one area

to be considered more important than another. The three areas might be

termed goals (or aims or objectives), teaching strategies (or methods

or techniques), and content (or subject-matter). Having identified

these areas, the problem arises as to whether they refer to what is in-

tended or to what actually occurs in the school and classroom.

There are marked differences between British and American ap-

proaches to the concept of curriculum. In a well-received British

textbook for use in curriculum courses, Stenhouse (1975) spends the

first five pages trying to define the problem and the word curriculum.

After refusing to accept American definitions uncritically, he pre-

sents his own (p. 4):

A curriculum is an attempt to communicate the essential
principles and features of an education proposal in such
a form that it is open to critical scrutiny and capable
of effective translation into practice.

He is reluctant to accept the American definitions because he feels

that they accept as obvious that a statement of objectives is essen-

tial to the designing of a curriculum, and that the curriculum is seen

as a means to an end, viz. specific learning outcomes. He cites Tyler

(1949) and Taba (1962) as exponents of the means/end and linear view

of the curriculum development process.

Shortly before Stenhouse published his textbook, the American

Van Til (1974) edited a second edition of a book of readings on cur-

riculum for use in curriculum studies courses. He does not attempt to
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define what is meant by curriculum, and talks freely of the school

curriculum, the formal curriculum, the traditional curriculum and the

public school curriculum (Van Til (1975), p. 3-5). He seems to equate

the curriculum with its content primarily, and only secondly with its

goals and teaching strategies.

Stenhouse (1975) and Jenkins and Shipman (1976) have pointed out

that in some countries the curriculum and the syllabus are synonymous.

This is still true in South Africa, where committees meet for a few

days to decide on suitable content. A few goals are then written, and

some of the content is selected to be studied practically. The syl-

labus may then be submitted to teachers for comments, but not really

to "critical scrutiny" (Stenhouse (1975), p. 4). Goals are not an in-

tegral part of the syllabus, nor are the range of resources necessary

for teaching strategies considered. The syllabus is the "intended"

curriculum; the actual version taught in the schools is only subject

to inspection at infrequent intervals.

It is worth pointing out that the Science Education Project

team attempted:

a. to change the goals of science teachers, by introducing the pro-

cess approach and by emphasizing the development of the child in

its materials and courses, and

b. to provide the means to new teaching strategies, by providing re-

sources for the teachers, by changing their goals, and by train-

ing them in new teaching skills.

It had no real say over the content taught, as all schools followed

a prescribed syllabus. It did attempt however to indicate to teachers

the relative importance of topics, and through the inservice content

courses, tried to increase the knowledge base of the teachers.

Thus in the discussion that follows, it should be kept in mind

that the Project attempted to change the curriculum by changing goals

and teaching strategies, but not by changing its content. However the

content was to approached in a new way through the other changes.

Stenhouse (1975, p. 32) says:
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If knowledge is to be approached as a resource and
open system rather than as an imposition by those
who possess it, new styles of teaching need to be
evolved, and this is by no means easy. It is one
of the central tasks of curriculum research and de
velopment to explore this possibility.

One of the difficulties in talking about curriculum change is

that the topic does not have an established vocabulary. Researchers

are still struggling to conceptualize their ideas, and place them in

an acceptable framework. Sutton (1978) noted that at a seminar on

science curriculum development and implementation, speakers used such

metaphors as "infection," "imperialism," "revolution," "digestion,"

and "evolution." My major professor would call these metaphors "secret

words." The secret words used in the following discussion of curricu-

lum change are "perspectives," "dimensions" and "factors," words ap-

propriated from Fullan and Pomfret (1977) and House (1979).

By perspectives is meant a philosophy, attitude or approach to

curriculum development or change (the major beliefs and assumptions

guiding a program). Dimensions is a somewhat over-used term, but here

it is taken to mean the areas in which change can occur or can be con-

ceived to occur. The term factors denotes agents which may influence

or affect change.

1. Perspectives of change

In a major article reviewing innovation over the last ten years,

House (1979) concludes that educational researchers seem to regard

curriculum innovation either as a process involving consensus or as

one involving conflict between participants. Further, teaching seems

to be regarded either as a technology or a craft. House (1979, p. 11)

says:

A craft is based on tacit knowledge and experience.
It is learned through apprenticeship. A technology
is based on explicit knowledge and printiples. It

can be learnt through formal means.
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Suppose one has a consensus view of the innovation process and a craft

view of teaching. Then one would regard curriculum change as a cul-

tural process, where the curriculum is built up on the basis of shared

and agreed experiences. New roles for teachers are worked out with

teachers during the implementation of the curriculum.

A second option is to take a conflict view of the innovation pro-

cess. Then one finds that one has become involved in a political pro-

cess in order to bring about change. Conflicts between developers and

users exist and must be worked out through compromise. The concept of

power sharing and negotiation becomes important. Advocates of this

perspective include House himself (1979) and MacDonald and Walker

(1976). The latter refer to the balance of power in bringing about

curriculum change.

A final option is to take a conflict view of the innovation pro-

cess and a technology view of teaching. Then teaching in the new cur-

riculum must be based on "explicit knowledge and principles" and it is

assumed that new teaching methods can be learnt through formal means.

One then regards curriculum change as a technological process, and

would be apt to base one's activities on the research, development and

diffusion model, advocated by Havelock (1971) but later refined by

Havelock and Huberman (1977). As an extension of the teaching-as-

technology idea, the teachers are regarded as the somewhat passive con-

sumers of the innovative materials or methods. This view of the change

process has been criticized by Kay (1975), who felt that it was in-

appropriate for use in Kenya.

Reflecting on the process followed by the Science Education Pro-

ject development team in the Ciskei, it seems that a technological

stance on curriculum change was adopted. Initial research highlighted

weaknesses in the performance of practical work (Rogan (1976, 1977))

and materials were then developed. Teacher approval of draft materials

was obtained, and on the basis of this, a full set of trial materials

was developed. Teachers did not participate in the construction of the

materials. In the materials and at the inservice courses, certain
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teaching skills were discussed, and it was tacitly assumed that this

formal presentation would be sufficient to bring about their use in

the classroom. In practice this was not always found to be the case,

but the point remains that the perspective adopted was technological.

The present study was originally undertaken within this perspective.

There are some parallels between the three perspectives outlined

by House (1979), viz. technological, political and cultural, and the

analysis undertaken by Fullan and Pomfret (1977), in their mammoth re-

view article on curriculum and instruction. They identify two main

perspectives for analysing change. One is the fidelity perspective,

in which one considers the extent to which there is agreement between

intended and actual use of materials. The innovation is not regarded

within the context of its implementation but as some absolute entity.

This procedure for analysis has strong links to the technological per-

spective. The other perspective suggested by Fullan and Pomfret con-

siders how the innovation changes or develops as it is used i.e. it

considers the innovation in context. This is known as mutual adapta-

tion, and is linked to both the political and cultural perspectives

identified by House.

In summary, the SEP team adopted a technological perspective in

bringing about change and a fidelity prespective in analysing change.

This means that teachers played an essentially passive role in the in-

novation process, and that during the evaluation, efforts were made to

find out the extent to which teacher actions matched intended actions.

Thus the evaluation team looked for areas of agreement. If these were

found, the innovation could have been deemed "successful." However if

these were not found, no understanding of the innovation process would

have been reached unless the reasons for the areas of disagreement

were identified.

2. Dimensions of change

Hoyle (1972) was one of the first to use the term "dimensions" of
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a. Scale

b. Rate

c. Continuity

d. Direction

e. Degree

23

proposed a list of five:

- is the change large or small?

- does the change proceed rapidly or slowly?

- is the change revolutionary or evolutionary?

is the change process linear or cyclical?

is the change fundamental or superficial?

These dimensions may be useful in describing a change, but they are

not successful in providing an explanation, as they merely outline a

change rather than fill in detailS and patterns.

Amore successful attempt at describing the nature of change,

was that made by Fullan and Pomfret (1977), who also postulate five

"dimensions" of change but these are quite different from those in

Hoyle's list, and encompass more of the nuts-and-bolts of change.

The dimensions suggested by Fullan and Pomfret can be divided into

two classes - structural changes and role changes. Their review of

research in implementation led them to conclude that it is much easier

to bring about significant change in the structural dimensions than in

the role dimensions. Key points in their discussion on dimensions of

change are summarized in Table 1.

There is a link between hypotheses proposed by Beeby (1966), and

Fullan and Pomfret's dimensions of change, which merits particular at-

tention in the light of the Project's approach and experiences. Be-

fore discussing this link, some of the main features of Beeby's argu-

ment will be isolated.

At the basis of Beeby's work is his proposal that there are two

"strictly professional factors" which characterize an education system

and determine its ability to accept change. These are the level of

general education of the teachers in the system, and the amount and

quality of training that they have received. He identifies these

factors as the key characteristics of the four stages through which

education systems progress. The main factors of these stages are

summarized in Table 2.
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Table - Summary of the dimensions of change identified by Fullan
and Pomfret (1977)

Class Dimension Key aspects of change

STRUCTURE a. Subject and materials Content

Order of content

Medium

b. Organizational structure Formal arrangements

Physical conditions

ROLE c. Roles and behavior Teaching styles

Tasks to support styles

Relationships between
participants

d. Knowledge and under- Innovation components
standing

Organizational compo-
nents

e. Value internalization Valuing of and commit-
ment to innovation
components



25

Table 2 - Stages of a school system, adapted from Beeby (1966)

STAGE TEACHER CHARACTERISTICS OF LESSONS,
BACKGROUND SCHOOLS AND SCHOOL SYSTEM

I. Dame School Ill-educated Narrow subject content
Emphasis on three R's
Low standards acceptable
Memorizing important
Emphasis on symbols and not

their meaning

II. Formalism Ill-educated Highly organized schools
Rigid syllabus and methods
External examinations
Inspection stressed
One textbook per subject
Limited resources available
Strict, overt discipline
Memorizing important
Emotional needs important

III. Transition Better-educated Similar to Stage II but:
Trained More emphasis on meaning

Less restrictive syllabus
and textbooks

Some satisfaction of emotion-
al needs

More resources available
Resources often remain unused

IV. Meaning Well-educated Meaning, not symbols, stressed
Well-trained Wider curriculum

Absence of external examin-
ations

Individualism. stressed
Relaxed, positive discipline
Emotional and aesthetic needs

considered
Close relationship with com-
munity, e.g., PTA

Wide range of resources es-
sential
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Beeby argues further that it is impossible to introduce an in-

novation into a system if the characteristics of the innovation and

the stage of the system are incompatible. Beeby (1966, p. 70)) says:

It may even be that a premature attempt to
force a system directly from stage II to
stage IV can, by removing the external props
the average teacher still needs, cause a re-
gression towards formlessness.

Most curriculum projects reported in the literature are introduced in-

to stage III or IV systems. Ciskei schools however are at stage II,

with the occasional school having some of the characteristics of stage

III. Thus the package of materials and training which the Project pro-

duced had to be compatible with the stage II characteristics.

One consequence of the difference between stage II and stage IV

teachers is that the former are more likely to feel insecure in the

classroom. Another is that even though lessons may be conducted in a

formal, teacher-talk style, the organization of the presentation may

have no structure at all. The former proposition is confirmed by

Manone (1979) who carried out fieldwork in Ciskei schools and villages.

He felt that one of the biggest problems faced by Ciskei teachers is

their own insecurity. Often they feel threatened as their own level

of education or general knowledge may be barely above that of the

pupils they are trying to teach. One Project developer (Downing (1979))

maintained that the Project's most significant contribution to science

education in the Ciskei, was to provide teachers with carefully struc

tured lesson plans, emphasising content and method, and with strict

guidelines for the performance of practical work e.g.,in the worksheets

(see Appendix I).

What is the link between the Fullan and Pomfret framework, and the

Beeby hypothesis and characterization of schools? The former noted

that it was easier to bring about change in the structural dimensions

than the role dimensions. As school systems move from stage I to stage

IV, structure becomes less rigid and less important, and teachers and

pupils take on new and more varied roles than were possible in the
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earlier stages. There is not a one-to-one relationship between the

levels of Table 1 and Table 2, but the concepts of roles and structures

are fundamental to both, and will serve as a guiding concept in later

discussion.

Considering Fullan and Pomfret's dimensions of change and the

aims and activities of SEP, can it be asserted that the SEP team hoped

to bring about real change in all five dimensions? By writing work-

sheets, the team wanted to change or improve the existing order of pre-

sentation of content and to supplement the only existing materials, the

textbook. With the teacher's guides and apparatus, it hoped to bring

about change in the organizational structure of lessons and of facili-

ties. With the teacher's written materials and the courses, it wanted

to effect a change in teaching style from rote-learning to inquiry-

based teacher and a change of role from "instructor" to "helper." By

discussion and practice, it hoped that teachers would understand, value

and become committed to the innovation.

Considering Beeby's stages, the SEP team wanted to move schools

from stage II to stage III by reducing the need to memorize, by pro-

viding more resources, by paying attention to emotional needs through

the aims, and by reducing the need for strict, overt discipline. It

hoped to achieve the move to stage III chiefly by providing apparatus,

materials and training i.e. by changing the structure and the roles.

If one follows Beeby's argument to its logical conclusion, then any

dimensions of change which the Project intended which were premature

or not concomitant with characteristics of stage II teachers, would

be doomed to failure. This would be particularly true of dimensions

c, d and e (p. 24) in the light of Pullen and Pomfret's conclusion

about the relative viability of effective structural and role changes.

3. Factors affecting change

Literature on factors affecting change seems to be divided into

two types. One type of study postulates the existence of factors and
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tends to support them by a review of literature; these might be termed

global assessments (Hoyle (1972), Nisbet (.1974), Fullan and Pomfret

(1977), Havelock and Huberman (1977)). The other type of study is one

in which a specific problem is tackled, and sometimes an attempt is

made to generalize from this (Elliott and Adelman (1975), Brown et al.

(1976), Ben-Peretz and Kremer (1979)). A further sub-division is pos-

sible into factors which bring about change and factors which act as

a barrier to change.

Fullan and Pomfret (1977) have suggested a list of factors which

help bring about change or hinder it. The factors are grouped into

four categories:

a. characteristics of the innovation,

b. strategies and tactics used by the innovators,

c. characteristics of adopting units, and

d. macro socio-political factors

Although they argue in their review that such categories can be useful

in either a fidelity process or a mutual adaptation process, the list

is biased towards fidelity studies and the technological or political

rather than the cultural perspective.

Under the characteristics of the innovation category, factors

which are listed are the clarity and detail with which the implementa-

tion components are spelt out and the relative complexity of these

components. Stategies and tactics used by the innovators can include

inservice training, resource support in the form of time and materials,

feedback mechanisms during implementation, and the extent to which

users participated in initiating or accepting the program. Under char-

acteristics of adopting units, one considers whether the adoption pro-

cess was seen as opportunism or problem-solving, the nature of the

organizational climate, the demographic characteristics of the unit,

and individual staff characteristics. The macro socio-political cate-

gory covers issues in the design, incentive systems for users, the

role of evaluation, and the political complexity i.e., how many
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decisions are needed to take an action.

The relative importance of the previously mentioned categories

for bringing about change cannot really be decided a priori. Yet most

research, including the present study, assumes that "strategies and

tactics" is the most important category, and in particular, the in-

service training and materials provided (Ashley (1968), Vickery (1969),

Orgren (1974), Mayer et al. (1975), Lazarowitz (1976)). If the tech-

nological perspective is assumed, then the reason for the assumption

is more obvious. Teachers are passive, and can be changed through

formal experiences such as inservice training and new materials. In

another SEP study (Macdonald and Gilmour (1980)), the cultural per-

spective was assumed in a discussion of teacher reaction to innovation.

The primary determinants for teacher reaction to SEP seemed to lie in

three contextual factors. These were the education and training of

the teachers, the scarcity of personnel, and the clash between exist-

ing norms and those advocated by SEP. From the results of that study,

it is possible to justify the selection of inservice training and new

materials as important factors, for these attack directly the problem

of level of education and training of the teachers, and the implica-

tions of the scarcity of personnel. The clash between existing and

new norms is related to the dimensions of change c, d and e in Table

I, and cannot be dealt with within the technological perspective of

innovation.

One study which considered the relationship between teaching,

materials and inservice training was conducted in Israel by Ben-Peretz

and Kremer (1979). They conducted a comparative study of two elemen-

tary school curricula, one content-oriented (acquisition of knowledge

in the context of a specific discipline) and the other process-oriented

(acquisition of behaviors related to selected skills and abilities).

The major characteristics of the materials and of the inservice pro-

grams were identified. Having done this, they searched for measures

of understanding of the major characteristics and the extent to which

they were used. They concluded the following:
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a. teachers tend to use instructional strategies with

which they are already familiar,

b. teachers tend to use strategies which are clearly

specified in the new materials, and conversely,

c. they tend to minimize the use of strategies that

are not part of their repertoire.

They noted in conclusion that new curricula should not be devel-

oped in areas that have been fully established as content curricula,

as this leads to a clash in the teacher's mind. Secondly, they re-

commend that only teacher's guides should be written, and then teachers

should be trained to plan their own activities. On the other hand, if

certain activities are highly desirable, they found that these should

be clearly specified as they are then more likely to be performed.

Finally, if some aspect of the innovation is not exclusive to it but

is part of the teacher's repertoire already, then this aspect should

not be included in an evaluation study as it can lead to ambiguous re-

sults.

Other studies lend credence to the inclusion of the other cate-

gories affecting change in Fullan and Pomfret's list. Havelock and

Hubermann (1977) postulate the existence of several factors which might

hinder innovation. This list includes geographic, historic, social

and cultural, political, economic, procedural, and personal categories.

Responses to questions in these categories were completed by project

leaders of educational projects in developing countries. Factor anal-

ysis revealed six principal "Barrier factors":

a. underestimating the process (17% of variance),

b. personality conflict and motivation (12%),

c. underdevelopment (9%),

d. financial problems (8%),

e. opposition from key groups (5%), and

f. poor social relations (5%).

Although Havelock was one of the initiators of the technological
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perspective (with the research, development and diffusion model), he

later developed a linkage theory, where links for better communication

between participants were to be established (Havelock (1971), Havelock

and Hubermann (1977)). The list of barrier factors that were identi-

fied emanate from the political and cultural perspectives of innovation.

The factors that they found to be of major importance in hindering

change fall mainly into the "characteristics of adopting units" and

"macro socio-political factors" categories.

Hoyle (1972) suggests that the three crucial barriers to change

are as follows:

a. attitudes arising out of previous experience, or

based on personality factors,

b, resources, such as availability of materials or

time, and

c. organizational structures at the school or local

level.

These factors fall into "characteristics of adopting units" category.

After a series of interviews conducted with science teachers from

a random sample of 50 Scottish schools, Brown et al. (1976) concludes

that innovations are acceptable to teachers if

a. a problem of resources is eased,

b. there is some pressure from above; too much can

generate hostility,

c. teachers believe that the innovation is beneficial

to pupils,

d. a support system within the school or region is

provided, and

e. the innovation does not deviate too much from

traditional patterns of teaching.

This list also points towards the importance of the characteristics

of adopting units in bringing about change.

Thus is it possible to decide on the relative importance of the
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new materials and inservice training for the intentions of SEP? The

studies by Hoyle (1972), Brown et al. (1976) and Ben-Peretz and Kremer

(1979) all point to the role which resources can play in bringing about

change, as well as the existence of a support system and organizational

structures. Gross et al. (1970) refer to these in their historicstudy,

as well as the clarity of the innovation (cf. complexity), the abili-

ties of teachers to carry it out (cf. characteristics of staff) and the

role of management (cf. political complexity). The ability of teachers

to carry out an innovation is also mentioned by Beeby (1966). Provided

the new materials and inservice training are considered in the light of

contextual factors as well as the intentions of the innovators, then

the choice of inservice training and new materials as important factors

is reasonable. The type and structure of the training and materials

arose directly out of the characteristics of the adopting system. The

factors proposed by Fullan and Pomfret (1977) must be considered in re-

lation to each other and not separately.

This relationship might be shown schematically as in Figure 2. In

this study, attention is on strategies and tactics to bring about cur-

criculum change, but these and their effect cannot be understood unless

the other factors in Figure 2 are considered, even if only indirectly.

Figure 2 - Relationship between factors affecting curriculum
change, adapted. from Fullan and Pomfret (1977)

Macro socio-political
factors

Characteristics of
the innovation

Characteristics of
adopting unit

CURRICULUM
MANGE
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The relationship between the above factors in the development of

SEP materials and the implementation strategies used by the SEP de-

velopers can be summarized briefly as follows. As was noted in the

remarks on dimensions of change, the Ciskei school system is a stage

II system (Beeby (1966)), the chief characteristic of which is that

the teachers are ill-educated, but trained. The Project was faced with

the problem of making sure that the teachers understood the material

they were to teach. The solution was to provide content-courses at

regular intervals after the introductory orientation course. Similar-

ly, the material to be taught had to be taught logically and efficient-

ly. Thus the chief function of the teacher's guide was to make the use

of time more efficient. Lessons were planned, and the relative time to

be spent on the different topics was included for each lesson and sec-

tion. In that teachers were unfamiliar with practical work and the

process approach, both the materials and the training attempted to

facilitate understanding and promote confidence. Teachers were working

in a bureaucratic system and were bound by the rules and structure of

the system. Nevertheless as professionals they reacted well to oppor-

tunity for inservice growth.

S. TEACHING MODELS, TEACHING STYLES

AND NEW SCIENCE CURRICULA

1. Teaching models

Nuthall and Snook (1973) said that models should be regarded as

interpretive frameworks which stimulate and provide a structure for re-

search. They warn the reader, however, that teaching models are usual-

ly prescriptive, rather than descriptive. They say (p. 50):

Each model is fundamentally a claim about
how teaching ought to be understood and
interpreted.

A good example of this claim is the following quote from Ramsay (1975)
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on science teaching as an instructional system. He says (p 95):

When the established structure of a science
discipline is used as the basis for designing
an instructional sequence, then science as a
system of learning about the world takes second
place. Science education should be considered
not so much in terms of its outcomes or the
logic of the discipline but rather, perceived
as a process, as a way in which learners are ex-
pected to act.

There are probably as many "models" of teaching as there are

teachers. Some models, however, depend explicitly on a theory of

learning, while others do not. One of the simplest in the lattercate-

gory is the model of science teaching used to guide the work of Eggle-

ston et al. (1976). They felt that there must exist a distinction be-

tween teacher-dominated interactions in the classroom and those which

center on pupils. Further, they saw science teaching as the develop-

ment of an organized body of information, rather than the use of con-

tent for the development of skills. Within this development of con-

tent, teaching moves from the concrete through to concepts and general-

izations. Key features of this model can be represented as in Figure 3.

Heuristic

Figure 3 - Model of teaching proposed and used by
Eggleston et al. (1976)

Teacher-directed

B Theoretical

Practical

Pupil-directed

Didactic
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Most intentions of curricula or teaching styles can be placed on

the three continua in Figure 3. For example, it could be said that

SEP intended a balance between teacher-directed and pupil-directed ac-

tivities and that heuristic and practical activities receive more at-

tention than didactic and theoretical activities. Thus SEP intentions

can be positioned roughly in box A shown in the figure. As will be

evident later, it appears as if SEP in practice in the Ciskei would be

located roughly in the position of the circle B; the practical component

existed, but activities were more teacher-directed and didactic than

intended.

A model which is of more use for research on teaching rather than

for the practice of teaching is that suggested by Dunkin and Biddle

(1974). They noted that until the 1950's research on teaching was

dominated by the idea of teaching effectiveness, and that most research

had been a failure because:

a. it failed to observe teaching activities in situ,

b. it lacked a theoretical framework,

c. it used inadequate criteria of effectiveness, and

d. it showed a lack of concern for contextual effects.

Since the early 1950's, research on teaching has been primarily con-

cerned with the effects of teaching. They felt that defects of both

eras of research could be remedied if the model of teaching shown in

Figure 4 was more widely adopted.

They feel strongly that there exists a cause-and-effect relation-

ship between these variables as one moves from left to right. Besides

investigating this causal relationship, it is also useful to investi-

gate the process variables in depth and to explore possible relation-

ships between them. The model is quite straightforward but it is

questionable whether or not the relationship between the variables is

quite so linear. Following their model, the present study would essen-

tially be of the presage-process form, with no particular need to con-

sider any context variables. The discussion on dimensions of and
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factors affecting change indicates the importance of context variables.

Figure 4-Model for research on teaching proposed
by Dunkin and Biddle (1974)

Presage variables

(Teacher charac-
teristics)

Context variables

(Pupil and school
characteristics)

Process variables

(Classroom behaviors)
-->

Product variables

(Pupil growth)

Although the four main themes in The Process of Education (Bruner

(1960)) do not strictly constitute a model, they provided a framework

for the analysis and development of methods of teaching and curriculum

materials, especially during the 1960's. Bruner argued that important

themes for consideration of educational problems or in educational

theories are:

a. the structure of the subject, especially the re-

definition of content and objectives of science

in terms of the discipline and processes related

to it,

b. the learner, particularly with regard to his

readiness, his capabilities and his motives,

c. the teaching and learning of the processes by

which students cope with problems, and

d. technology, especially with respect to the

variety of new media.

Bruner (1977) was later to acknowledge that he underestimated the role

of the teacher when postulating these themes. Throughout the 1960's,
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these provided a framework for educational research (e.g.;Schwab

(1964)) and activity (e.g.,,curriculum projects).

Perhaps the best analysis of models of teaching is that by Nuthall

and Snook (1973). They delineate the role which theories of learning

play in each model and outline the benefits and weaknesses of the

models. They contend that there are three dominant models of teach-

ing, which, albeit unwittingly, have pervaded analysis and research

since the 1950's. Even though their analysis was published eight years

ago, it is difficult to find new trends now.

The first model identified by them is the behaviour- control model,

in which teaching is regarded as "a method of controlling the behaviour

of students and the conditions of learning" (p. 54). The precise

statement of objectives (cf. Mager (.1962)) is necessary for the plan-

ning of learning tasks. The model has its origins in Skinner's be-

havioural psychology and provides guidelines for both instruction and

classroom management. Instruction is to be regarded as arranging con-

ditions to expedite learning, which itself is conceived as response to

a specific stimulus. Classroom management relies on behaviour modi-

fication techniques, with good behaviours being reinforced by positive

stimuli.

The discovery-learning model is the second discussed by Nuthall

and Snook. Discovery-learning suffers from a variety of descriptions

and interpretations, but basic to all of them is that students must

discover for themselves (i.e.,teachers must not tell them) some major

concepts or principles. The methods by which such a goal can be

achieved are many and will be discussed in more detail in the next

section. This model depends largely on assumptions made about the

nature of learning. Typical assumptions are that it is more effective;

it is similar to problem-solving situations; students can develop their

own organizing scheme; it is more exciting; and therefore students are

more motivated. Unlike the behaviour-control model, it does not draw

on one specific learning theory, but rather on a variety of psycho-

logical studies on creative thinking, concept attainment, problem-

solving and Piagetian development.
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The final model, the rational model, contends that teaching is a

linguistic affair, as thinking depends upon language. It assumes that

all human action is goal-oriented and intentional. It draws on phil-

osophical rather than psychological concepts, claiming that most of

what occurs in classrooms is logical rather than psychological in na-

ture. It takes a strong position on knowledge, asserting that know-

ledge is the reasonable justification of true beliefs. Such justifica-

tion can only occur if emphasis is placed on traditional academic dis-

ciplines. Students are led to obtain such knowledge by study of the

disciplines and their guiding concepts, often involving careful ques-

tioning by the teacher.

What meaning do these models have for practicing teachers? Do

they bear any relationship to what actually occurs in the classroom?

Most teachers will answer that no single model is applicable to a

typical lesson or classroom, but features of each have proved both ef-

fective and ineffective. These include the benefits of immediate rein-

forcement ("external" teacher praise or "internal" feeling of success),

the inefficiency of using discovery learning for all concepts and prin-

ciples and the related efficiency of using the expository methods to

cover basic principles.

In retrospect, SEP incorporated aspects of all three models into

its intentions. It included objectives for all lessons and worksheets,

and encouraged teachers to compliment pupils who did good work. The

worksheets provided some elements of discovery for pupils by setting

problems. It was hoped that teachers would discuss the results ofwork

sheets; draw out conclusions proposed by pupils; and that more questions

would be asked of a problem-solving, speculation or verification nature.

In the next section, the relationship of these models to teaching

styles and to the intentions and implementation of new science curricula

will be explored.

2. Teaching styles and new curricula

Nuthall and Snook (1973) identified three major lesson forms.
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These are the teacher in control of all activities, both the teacher

and the pupils in control, and pupils active and teacher in control

indirectly. In ordinary classrooms, Power (1977) found in a review of

the literature that teachers talk 70-90% of the time, teachers initi-

ate 80-90% of all interactions, and teachers ask 90-95% of questions.

When the lesson is conducted in a laboratory setting, teachers talk

30-50% of the time, non-verbal activity constitutes 40-60% of the time,

pupils talk 10-20% of the time, and pupils rarely ask questions. Smith

and Theux (1962) noted that two-thirds of teacher questions are recall

questions, and one-third of teacher questions demand operations such as

comparison or inferences.

Other studies have referred to the ratio of teacher-dominated to

pupil-initiated interactions. Evans (1969) found this ratio to be

94.6% in biology classes, while Eggleston et al. (1976) found it to be

about 70% in chemistry, biology or physics lessons. The results of

this study, which will be discussed in detail in Chapter V, indicated

that trial teachers spent 71% of class time talking, and control teach-

ers spent 99% of class time talking. Half of the trial teachers'

questions and nearly all control teachers' questions were recall-type

questions.

Thus the overall picture of science lessons is that teachers

spend most of the time talking or asking questions, but pupils seldom

talk or ask questions. Powers (1977, p. 7) says:

Activities demanding the use of such inquiry pro-
cesses as data interpretation, prediction and
formulation of conclusions are also uncommon,
even in classes using curriculum materials (e.g.
BSCS) which purport to emphasize inquiry. Prob-
lem identification, hypothesis formulation and
comparison of alternative models are virtually
non-existent.

New science programs have many different objectives and make dif-

ferent assumptions about learning and teaching. For example, in the

United States, AAAS Science was based firmly on the behavior-control

model of teaching and Gagne's notion of learning hierarchies, with
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knowledge being accumulated bit by bit in logical steps. BSCS was de-

veloped according to Schwab's notion of inquiry. Schwab saw the con-

cept of inquiry as having two components; science as inquiry, and

teaching-learning as inquiry. BSCS emphasized the former component,

which was that science is a discipline which has as its methods forms

of inquiry which lead to knowledge about the discipline. The forms of

inquiry were important (Shulman and Tamir (1973)). Some elementary

science programs, ESS and SCIS, drew on Piaget's developmental theory

in the planning of content and activities.

In England, Nuffield Physics brought in elements of discovery-

learning with an emphasis on questions and practical work, and elements

of the rational model with an emphasis on the relationship between con-

cepts. The latter is especially true of the A-level course. In Scot-

land, worksheets were used extensively in new science courses, incor-

porating aspects of discovery-learning. The ASEP materials in Austra-

lia relied heavily on Piaget's developmental theories, bringing in

features of the discovery-learning and the rational model.

Many programs have drawn on Bruner's notion of discovery. Bruner

(1962) himself says (p. 83):

I shall operate on the assumption that dis-
covery, whether by a schoolboy going it on
his own or by a scientist cultivating the
growing edge of his field, is in essence a
matter of rearranging or transforming evi-
dence in such a way that one is enabled to
go beyond the evidence so reassembled to
new insights. It may well be that an addi-
tional fact or shred of evidence makes this
larger transformation possible. But it is
often not even dependent on new information.

Bruner (1962) went on to list the benefits which could be ex-

perienced by learning through discovery. These were:

a. an increase in intellectual potency by leading

the child to actively structure knowledge and

to avoid irrelevant use of information,
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b. a change in dependence on extrinsic rewards to de-

pendence on intrinsic rewards, with external

stimuli - response - reward sequences decreasing in

importance,

c. the learning of the heuristics of discovery

(learning to find out what is not known), and

d. an aid to conserving memory.

The key to the use of discovery methods (e.g.,Bruner) or inquiry

methods (e.g., Schwab) lies in Bruner's quotation. Central to both

methods is that the pupil should do things "on his own" in order to be

led to "new insights." The first implies that minimal guidance should

be provided by the teacher, and so the terms and practice of guided or

unguided discovery came into existence. The problem still remains on

how to lead the pupil to new insights. Shulman and Tamir (1963) have

given the breakdown of levels of inquiry shown in Table 3.

Table 3 Levels of inquiry, as suggested by Shulman and Tamar (1973)

Level Problem Method of solving it Solution

0 Given Given Given

1 Given Given Open

2 Given Open Open

3 Open Open Open

According to Table 3, the SEP worksheets are at level 1. The problem

is clearly stated, and detailed guidance in the method of solving it

is given (see Appendix I). The extensions to the worksheets are at

level 2; only the problem is given. Within the constraints of the

rigid syllabus in Ciskei schools, and given the limited practical re-

sources and time available to pursue the solution of problems or per-

formance of projects, level 3 inquiry is a rare occurrence.

Once a teacher or developer has decided on the level of inquiry

to be used in lessons or materials, he or she must still decide on how
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to sequence the instruction. Sequencing can depend on whether induc-

tive principles are favored, or if the lesson is to be guided or not.

The options are shown in Table 4.

Table 4 - Sequencing of instruction, as adapted from Shulman and
Tamir (1973)

INDUCTIVE SEQUENCE DEDUCTIVE SEQUENCE

GUIDED
DISCOVERY

Teacher/materials lead Teacher/materials lead

pupils from examples pupils from principles

to principles to examples

UNGUIDED
DISCOVERY

Pupils lead themselves Pupils lead themselves

from examples to prin- from principles to ex-

ciples amples

The SEP materials did not follows one or other sequence exclusive-

ly. For instance, in the Standard 6 section on the effects of heat on

substances, pupils are led through two worksheets of examples to reach

the general principle that substances can change in mass or color when

heated. They are then led on to a number of worksheets in which they

investigate particular examples of change in mass on heating, such as

when water has been given off by copper sulphate. In general, however,

more emphasis was placed on induction in physical science and deduction

in biology.

Pervading most of the new curricula was the notion of structure

first advocated by Bruner and later developed by Schwab (Shulman and

Tamir (1973), Gardner (1975)). Shulman and Tamir (1973, p. 1101)

quote Bruner's notion of structure as being:

Generalizations or principles so basic that
the fundamental facts of a discipline can be
encompassed by or reconstructed from them.
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Schwab took the idea further and suggested that the structure-of-know-

ledge theory would show the relationship of one discipline to another

and so guide the order in which the discipline should be taught. Fur-

ther and more importantly, he said that "structure" had two important

components, substantive structure and syntactic structure. The former

is the body of concepts (powerful, not trivial) used by researchers,

while the latter is the patterns of procedures (not scientific method)

used in the discipline. By such patterns, one means the "sequence of

actions carried out by the researcher in order to conduct his inquiry"

(Gardner (1975), p. 39).

The structure-of-knowledge theory has a philosophical rather than

psychological basis. In its notion of internal consistency and veri-

fication procedures it is strongly allied to the rational model of

teaching's position on knowledge. Yet it is advocates of discovery-

learning who have made most use of the ideas of structure in their de-

velopment of curricula. Ausubel's theory of meaningful learning stems

from the rational model and also emphasizes the structure of the dis

cipline, but so far, it has found few advocates among those developing

curricula. One recent advocate is Hewson (1981). Gardner (1975) has

made the point that the structure-of-knowledge theory is not a curric-

ulum theory, and cannot provide guidelines about what is to be taught

and by whom and in what manner.

From the previous discussion, it can be asserted that the pre-

dominant themes of science curriculum development in the past 20 years

have been inquiry/discovery methods and the structure of knowledge.

These themes and the models of teaching identified by Nuthall and Snook

(1973) would imply that new curricula, when implemented, lead to con-

siderable pupil activity in the classroom. As Bruner (1962) has put

it, one would anticipate a move from the expository mode of teaching

to the hypothetical mode, or from lessons where the teacher is in

direct control to lessons in which pupils are active and teachers are

in indirect control.

Yet reviews of the literature on the practice of teaching and the
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nature of interactions in the classroom (Shulman and Tamir (1973),

Power (1977)) indicate that most teaching of science is in the exposi-

tory mode. There is a mismatch between the intentions of developers

and actual implementation. Wherein lies the fault? It could be that

the intentions of developers are based on insufficient fundamental re-

search or that implementation methods are at fault or that fidelity

studies are not sufficiently refined to monitor or guide implementa-

tion practice. One study which did monitor the relationship between

the characteristics of a program and the extent to which they were im-

plemented was that by Ben-Peretz and Kremer (1979). The implication

of that study and the one by Brown et al. (1976) was that teachers find

it difficult to change their teaching styles and prefer to use tech-

niques familiar to them.

Process-product studies give somewhat ambiguous evidence about the

relationship of teaching modes or styles to measures of pupil growth.

Yet there are some indications that even if the change advocated byde-

velopers has not been fully realized, the new programs have had some

impact on pupil growth. Sharp (1966) and Cook (1967) argue, however,

that a change in teacher behaviour is not necessarily related to pupil

growth.

Perkes (1967) used the Science Teaching Observation Instrument in

a correlational study with student achievement. Teacher-oriented ac-

tivities were positively related to factual recall, while student-

oriented activities were positively associated with the application of

knowledge. Santiestiban (1976) in a study of elementary school science

found that a teacher's questioning performance, when rated on frequency

and difficulty level, has a curvilinear relationship to affective stu-

dent outcomes. There seemed to be an optimum number of questions be-

yond which students felt threatened and/or lost interest.

Ladd and Andersen (1970) developed an instrument to classify

teachers' questions. They found that teachers who ask a greater pro-

portion of high inquiry questions cause a greater change in students

as measured by an achievement test. Wolfson (1973) used a Flanders
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system in a study of junior high general science classes and high

school chemistry classes. He found that students taught by teachers

with a higher indirect-to-direct ratio of behaviours achieved more and

retained more than students taught by teachers with a lower ratio.

Eggleston et al. (1976) used STOS in a process-product study of

Nuffield science. They found that chemistry and physics teachers fell

into a style characterized by teacher initiatives but with heavy de-

mands on students. Such a style was associated with greater achieve

ment in cognitive areas. The least frequently observed teaching style

was that which led to pupil-centered inquiry and was associated with

better performance in data manipulation and problem-solving.

Rowe (1974) conducted a study on the relationship between inser-

vice training on questioning techniques, teacher use of questions and

pupil responses. She found that an increase in wait-time of three to

five seconds over the average of one second led to an increase in the

length of pupil responses, an increase in the number of inquiry-process

respondents and an increase in the frequency of student questions.

Power (1977) noted after a review of science classroom interaction

studies that (p. 16):

... the research does indicate that most stu-
dents suffer if lessons have no apparent struc-
ture or purpose, if much time is wasted due to
inefficient management or control, or if the
teacher is poorly prepared and plays a passive
role in the classroom.

Avalos (1980) in a review of teacher effectiveness in the Third

World noted that no conclusions about the relationship between train-

ing and effectiveness can be drawn. Personality seemed to be an im-

portant factor, but there were regional differences. She says (p. 48):

Extraverts seemed more productive in creating a
better teaching climate in Latin America, while
the opposite was true in some African settings.

Interaction analysis studies did not show that "indirect" (Flanders

(1965)) behaviour encouraged pupil achievement. Avalos (1980) also
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Discovery techniques, seem to be an important
strategy for higher levels of intellectual
achievement and possibly other non-cognitive
outcomes. It seems that here again there is
need for asserting more precisely under ex-
actly what conditions these techniques work
better....

C. SUMMARY

In this chapter, perspectives, dimensions and factors of change

were considered. It can be concluded that the Project team adopted a

predominantly technological perspective towards beinging about change.

It sought to bring about both role and structural changes in all five

dimensions of change identified by Fullan and Pomfret (1977), and felt

that the factors most instrumental in effecting these changes would be

the new materials and inservice training. The latter however cannot

be isolated from the characteristics of the innovation and the adopting

unit and from macro socio-political factors.

A number of teaching models were then considered, major reference

being made to the behaviour-control, discovery-learning and rational

models. Most new science curricula have used features of the dis-

covery-learning model, with some features of the other two modelssome

times being incorporated. The SEP materials followed both inductive

and deductive sequences, used a guided discovery method and used a

level 1 approach to inquiry. Despite the intentions of the developers

of new science curricula, most science classes are still conducted in

the expository mode, with the teacher talking most of the time. The

new curricula may or may not lead to pupil growth or improved atti-

tudes, but these changes are intended.

In the next chapter, the methodological questions raised by the

origin of the study in curriculum evaluation, by the decision to ob-

serve teachers in classrooms and by the cross-cultural context of the

study are considered.
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III. METHODOLOGY QUESTIONS AND RELATED LITERATURE

In the previous chapter, aspects of curriculum change and of

teaching were considered. Perspectives of curriculum change included

the technological, political and cultural. These can be related re-

spectively to a study of the innovation; of the innovation-in-context;

and of the context. Each perspective brings with it different methods

and assumptions acceptable to holders of the same perspective, but not

necessarily acceptable to holders of a different one. Similarly, re-

search on teaching which involves classroom observation is a mine-

field of conflicting assumptions.

In this chapter some of the assumptions and methods currently

prevailing in educational research will be identified. These will

then be related to the methodological problem of the present study,

namely, curriculum evaluation involving classroom observation in a

cross-cultural context.

A. COMPETING RESEARCH PARADIGMS

In the late 19th and early 20th century, the guiding philosophy

for most research in the natural or social sciences was positivism.

This meant that real knowledge was that which was observable, and

that the methods of physics reigned supreme. Logic, mathematics, ex-

periments and empirical facts were the cornerstones of knowledge. In

the decades after the First World War, positivism hardened into "log-

ical positivism" and other philosophies, such as phenomenology and

linguistic philosophy, began to place greater emphasis on common

sense knowledge (Giddens (1976)).

In the last 50 years, perhaps the two most influential philoso-

phers of science have been Karl Popper and Thomas Kuhn. The former's

work still pervades research in the natural and biological sciences

(e.g., "can you falsify the theory?," "what hypothesis are you test-

ing?"), while the latter's use of the term and concept of "paradigm"

provided a new language for analysis (Kuhn (1970), Giddens (1976)).
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Other important new philosophers of science have been Toulmin (1953)

and Feyerabend (1975).

Giddens (1976) defines the word "paradigm!' as follows (p. 142):

The notion of 'paradigm' ... refers to taken-
for-granted, unexamined assumptions shared by
communities of scientists, who confine their
attentions to small-scale puzzle-solving with-
in the bounds of those assumptions.

In the discussion that follows, the word "paradigm" will be used

in the above sense, with the caveat that some workers within the pre-

vailing paradigms of educational research have examined their under-

lying assumptions. The same philosophies that have guided research in

the natural and social sciences have served as a guide to educational

research. The 1920's and 1930's saw the advent of mental testing and

the origins of behaviourism. Since the Second World War, new philoso-

phies of science (both natural and social) have influenced research in

education. Researchers in education generally have a variety of aca-

demic backgrounds and tend to bring the dilemmas of their disciplines

into their research.

Elliot and Adelman (1975) feel that the choice between the two

currently prevailing paradigms centers around the issues of objectivity

and relevance. Teachers object to researchers, because they often feel

that research findings are irrelevant to practice and that, as teachers,

they are in the best position to know what to do in their classroom.

Researchers sometimes object to teachers' accounts of events because

they feel that these are highly subjective and cannot be independently

verified. They comment as follows (p. 13):

If the majority of researchers have sacrificed
relevance for objectivity there are others who
are trying to do the reverse.... (They) argue
that if a concern for objective truth cannot
be reconciled with the practical utility of re-
search findings then it should no longer guide
research.

Many educational researchers attempt to carry out "experimental"
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research, conducted within what can be termed the "scientific" para-

digm. Other terms include "normative," "agricultural," "hypothetico-

deductive," "nomothetic" or "empirical" (Deardon and Laurillard (1976),

Kemmis (1977, 1978), Power (1976, 1977)). The major aim of research

within this paradigm is the establishment of laws. Tyler (1967, p.55)

said:

The object of research is generalization, that
is the discovery of or the formulation of some-
thing which has wider applicability than a
description of the particular case or cases
which were the subjects of the study.

Power (1976, p. 579) remarked:

At its extreme, the agricultural-scientific
paradigm would lead us to believe that the only
worthwhile educational research is objective,
empirical, nomothetic, and value-free, and that
well-designed empirical studies ultimately will
uncover the laws governing human behavior.
These laws constitute the basic material for
scientific theories, and theories should enable
us to understand, predict, and control the
teaching-learning process.

In recent years, the chief competitor of the above paradigm has

been the "hermeneutic" paradigm, exemplified in a discussion by Taylor

(1971). It is also known as "interpretative," "idiographic," "ethno-

graphic" or "anthropological" (Parlett and Hamilton (1972), Kemmis

(1976), Stubbs and Delamont (1976)). The approach has found endorse-

ment among curriculum evaluators, classroom observers, and others in-

terested in the sociology of the curriculum or of knowledge (Shipman

et al. (1974), Pring (1976), Eggleston (1977), Fraser (1980)).

It is difficult to locate a statement stating the major aim of

research within this paradigm, like the Tyler quote above. It seems

as if the major aim is to provide an "explanation" of what has occur-

red, and to use this explanation to "understand" what has or what

might occur. The notions of generalization and prediction are not a

major part of the paradigm. The following quote on the aims of social

anthropology is representative of the language found in writings within
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this "hermeneutic" paradigm. Lewis (1976, p. 19) says of social an-

thropology:

Our first aim, therefore, is to isolate sig-
nificant typical events and units of social
life and activity, and then to probe for the
underlying blueprint, often implicit rather
than explicit, that will show how they fit
together into a meaningful pattern.

If "school life" is substituted for "social life" then the quote, es-

pecially with the use of the phrase "meaningful pattern" describes the

activities of hermeneutic researchers.

One peculiar feature of the debate between the proponents of the

two paradigms is that it is really a one-sided debate. Hermeneutic

researchers fiercely defend their studies and critically or otherwise

attack the shortcomings of the scientific paradigm. Scientific re-

searchers have little to say about the hermeneutic approach.

Power (1976, 1977) has identified the chief distinguishing fea-

tures of each approach in two review papers. An assumption of the

scientific paradigm is that explanation should always take the form of

deduction from hypotheses, and is objective and value-free. When ap-

plied to classrooms, it assumes that all interaction is governed by

rules, that the teacher plays a central role, that each instance of

behaviour carries equal weight and that the use of predetermined cate-

gories does not distort the events they must describe. Studies which

fit within the paradigm are experimental and correlational.

The hermeneutic approach uses participant observation wherever

possible. Otherwise it relies on observation or interviews. It tries

to focus "progressively" on problems, constructs or patterns which

emerge from the data (Deardon and Laurillard (1976)). It tries to be

"objective" and "value-free" in that the researcher must attempt to go

into the field with no preconceived notions about what might be found.

When applied to classrooms, it assumes that interaction is intentional

and rational, that the actions of teachers and pupils are purposeful,

that the meanings of utterances depend on the context and the indi-

vidual, and that the views of the participant (such as teacher and
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pupil) are important.

The views of the participant form a key distinction between the

two approaches. The scientific researcher formulates theories in

language familiar to other research workers and in terms of concepts

used in the standard educational journals. Extreme proponents of the

hermeneutic approach provide explanations grounded in and using the

language of teachers and pupils. On occasion, media other than the

printed word are used to report results (Fraser (1980)).

What are the strengths or weaknesses of the two paradigms? Tyler

(1967) has remarked on the value of research. In that he deals almost

exclusively with scientific research, speaking freely of variables and

generalizations, the remarks should be viewed in this context, but are

more widely applicable. Tyler (1967, p. 56) says:

... research provides a basis for practice in
terms of the concepts it furnishes the prac-
titioner, the outline it formulates of the dy-
namics of the processes with which the practi-
tioner is concerned, and the relations it es-
tablishes among the concepts and the estimates
it provides of the parameters of the dynamic
models that are proposed. That is to say, the
value of research lies in providing the prac-
titioner with broader and more detailed maps
of the terrain of education with which he deals.

Tyler later identifies three criteria for research, which he feels

frequently are absent from studies. They are relevance, adequate con-

ceptualization, and sound methodology. His view of what is relevant

is that it must be related to the "educational process" which is"learn-

ing directed towards desired goals." This view is restrictive and

prescriptive. For example, Tyler (1967, p. 59) says:

Research on science supervision which assumes
that the teachers are primarily directed by rules,
regulations, and instructions is irrelevant to
education....

Adequate conceptualization for Tyler is the use of basic, justifiable,

substantiated, acceptable and logically possible concepts. Sound



52

methodology means suitable samples and examples; valid, reliable, ob-

jective and accurate techniques; and appropriate, logical forms of

analysis of data.

Pervading Tyler's analysis or research are the ideas that "data"

can be quantified and measured, that concepts and variables can be

manipulated and measured, that research can be objective, and only re-

search which fulfills the three criteria can be useful for expanding

knowledge and making generalizations. Not all these ideas are offen-

sive to the hermeneutic researcher, but certainly the interpretation

of Tyler's criteria would be markedly different. "Relevance" would be

defined in terms of relevance to participants, "conceptualization"

would be similarly thought of and "methodology" would involve all the

concerns of historians, social anthropologists, and sociologists rather

than scientists.

Despite the attraction of the hermeneutic approach in recent years,

it has come in for its share of criticism. Power (1976, p. 583) says:

... ethnographic approaches can be an excuse for
research without ideas, the aneodotal model with
its indiscriminate data collection and unsupported
conjectures.... (Ethnographic) techniques are weak
when it comes to the validation of constructs, the
testing of hypotheses, and the establishment of
relationships.

Parsons (1976) has commended the intentions of the hermeneutic

(or illuminative) approach in curriculum evaluation, but has given the

following warnings. Firstly, insufficient attention has been paid to

the origin of the research mode, namely in the sociology of Becker and

White. The latter set fairly rigorous standards for the collection

and validation of data, for the use of hypotheses, for the construction

of frameworks, and for the reporting of data. Secondly, people under-

taking such research need special skills. The suspension of pre-con-

ceptions is difficult and requires conscious effort. The data itself,

and not an interpretation of the data, should foster hypotheses.

Thirdly, the role of theory has been underestimated. Although a re-

searcher need not begin with a tightly constructed model, he should
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have at his disposal certain orientations or constructs which he can

use to explain data. Finally, although work in the hermeneutic tra-

dition attempts to draw on the context of the study, for example by

writing reports in the reader's language and by using participants

as a primary source of data, it often ignores the larger historical

and social context, such as specific features of the school district

and special events in the school's history.

B. CURRICULUM EVALUATION

Power (1976) has noted that most curriculum evaluation has follow,-

ed the scientific paradigm. During the decade of the 1970's, more and

more curriculum evaluation was beginning to follow the hermeneutic

paradigm, as is evident from the reader by Hamilton et al.(1976) en-

titled Beyond the Numbers Game. Similarly, whereas almost all class-

room research in the 1960's was based on Flanders-type interaction

analysis (Flanders (1965)), during the 1970's more and more research

ers were beginning to use methods from the hermeneutic paradigm, such

as participant observation and analysis of transcripts (for example,

see Elliott and Adelman (1975)).

Scriven (1967, p. 40) defined evaluation as follows:

Evaluation is itself a methodological activity....
(which)....consists simply in the gathering and
combining of performance data with a weighted set
of goal scales to yield either comparative or
numerical ratings, and in the justification of
(a) the data-gathering instruments, (b) the weight-
ings and (c) the selection of goals.

Welch (1969) reviewed several strategies in use in curriculum

evaluation. These included assessing whether specified objectives had

been obtained, using evaluation for course and product improvement, or

working on information for decisions that future users must take.

Later, he distinguished three stages in the evaluation process, namely

data gathering, data processing and reporting of data (Welch (1973)).

Sanders and Cunningham (1974) drew up a structure for the
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formative evaluation of the development of a product. They identified

four stages:

a. pre-developmental activities,

b. evaluation of objectives,

c. formative interim evaluation, and

d. formative product evaluation.

Champagne and Klopfer (1974) developed six tables of questions which

evaluators might ask while carrying out the formative evaluation of a

curriculum development program. The tables had the following headings:

a. conceptualization and planning,

b. student instructional materials,

c. student behaviours with respect to science content,

d. student behaviours in the classroom environment,

e. the teacher, and

f. marketability.

They pointed out that it would be an impossible task to answer all the

questions in the tables (over 150) and suggested three guidelines for

choosing questions. They are:

a. selecting questions that probe into the most innovative

aspect of the new curriculum,

b. selecting questions that the developers think are most

interesting and significant, and

c. selecting questions whose answers are relevant to the

curriculum's goals, but which are easily answered.

One of the best examples of curriculum evaluation in the scien-

tific tradition is the evaluation of Harvard Project Physics. The

evaluation involved many researchers, including doctoral students. It

took place over four years, and had the following program (Welch

(1973));

a. Year 1 - develop instruments and refine the overall plan,

b. Year 2 - pilot test the evaluation design and instruments
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on a selected sample,

c. Year 3 - implement the evaluation plan on a national

random sample of physics teachers, and

d. Year 4 - analyze and disseminate results.

Various cognitive, affective and behavioural measures were used as

criteria, and a true experimental design was used.

Hamilton (1976) has detailed the history of curriculum evaluation.

He notes that the most "pervasive influence" has been that of measur-

ing and comparing the "yield" of programs, usually conceptualized in

terms of achievement. Such research is "preordinate" as Hamilton

(1976, p. 14) says:

... their course is mapped out in great detail
before the project begins. Sample sizes, vari-
ables to be controlled, hypotheses, treatments,
and achievement tests are all devised and spec-
ified in advance.

Many problems can be encountered in this type of research as major

variables are left uncontrolled; samples are not available; curricula

are not interchangeable; and the number of experimental manipulations

is limited.

Difficulties with the comparative model led gradually to the use

of the objectives model, which was American in origin. The evaluator

works with the developer, and the new curricula is assessed against

prespecified objectives. This model has its own problems. The eval-

uator's interests might clash with the developer's interests; objec-

tives might be difficult to state in behavioural terms; only intended

outcomes are explored; and no indication of the relative merit of the

program is obtained (Hamilton (1976)).

Partly as a result of the ease of use and availability of com-

puters and computer packages, the two identified models now find them-

selves in one in the form of the multivariate model, where curricula

can be compared and the achievement of criteria measured. Such an

approach, however, still ignores the nature of the setting as it con-

centrates mainly on input/output categories. It is the need to
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consider the classroom implementation of materials and to accommodate

types of curriculum development other than the production of materials

which has led to the increased use of hermeneutic techniques (Hamilton

(1976)).

Perhaps the seminal paper on evaluation in the hermeneutic tra-

dition is that by Parlett and Hamilton (1972) on illuminative eval-

uation. The aim of such evaluation is to study the innovation inoper7

ation, recognizing that it is influenced by different school situations

which have advantages and disadvantages. It also looks for the effect

on tasks and experiences and the nature of participation, picking out

significant features. Key elements of interest are the instructional

system and the learning milieu.

Information is gathered from observation (during which events,

transactions and informal remarks are noted), discussions, an obser-

vation schedule, interviews, questionnaires and tests not administered

in vacuo and documentary and background information. Steps in the

evaluation include finding common, recurring incidents; inquiring

further on selected topics; and finally seeking the general principles

underlying the program. The purpose of the evaluation is four-fold.

It includes the following:

a. isolate significant features of the innovation,

b. delineate cycles of cause and effect,

c. comprehend the relationship between beliefs and

practices, and

d. comprehend the relationship between organizational

patterns and the responses of individuals.

Another form of evaluation within the hermeneutic tradition is

the portrayal approach (Kemmis (1977)) in which the evaluator must

tell a story of an educational program in order to inform the audience

of unique features, successes and failures, and so on. This approach

has recently been used by Fraser (1980) in an evaluation of the Multi-

Arts Project in Australia. The evaluation report considered the roles

of project participants, gave details of meetings during the project,
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reported on the activities engaged in by students and teachers, and

presented the opinions of participants on the project. Photographs,

films and tape-recordings were included in the report. A draft of the

report was made available to participants in the Multi-Arts Project

prior to publication, for consideration of fairness and agreement.

It is not axiomatic that the two main approaches to evaluation

must be used independently of each other. West (1975) has considered

some of the major issues in planning an evaluation and has detailed

alternative approaches to data collection. These include the norma-

tive model and the illuminative model, as well as the interaction

model (cf. Eggleston et al.(1976)); the productivity model, in which

a cost-benefit and cost-effectiveness analysis is made; and the adver-

sary model, in which the innovation is viewed both from a supportive

and a negative point of view. On completing the review of the differ-

ent models, he proposes a synthesis of the models, and says that sum-

mative evaluation should incorporate:

a. an intrinsic evaluation of the published curriculum

materials, in which both intended and unintended out-

comes are identified, as well as the assumptions of

the authors and the proposed teaching and learning

strategies,

b. a performance evaluation of the intended outcomes, and

the level of interference from unintended outcomes, and

c. a context evaluation of the effect of the innovation

on the staff and school system, and of the effect of

school conditions on the innovation.

The final evaluation report on the Science Education Project was writ-

ten according to this outline (Macdonald (1980d)). Another recent at-

tempt at synthesis of the two traditions was that by Smith and Fraser

(1980), in which both quantitative and qualitative approaches were

used in the evaluation of the High School Education Law Project in

Australia.

Hamilton (1976, p. 125) said of the new tradition:



After many false starts a new pattern of curricu-
lum evaluation gradually unfolded. It revealed,
for example, a novel concern for the mysteries of
curriculum change, the processes of innovation,
the analyses of social policy, and the portrayal
of classroom and institutional life. Curriculum
evaluation, therefore, had come a long way from the
formulation of objectives and the measurement of
achievement.

C. CLASSROOM OBSERVATION

It is apparent from the previous section that the classroom, the

teacher and the method of instruction have become focal points in

evaluation programs. Eggleston and Galton (1976) have referred to the

"black-box" strategy in curriculum evaluation in which subjects are

divided randomly into experimental and control groups. The treatment

for the experimental group is the new curriculum package. Some time

after the introduction of the package, tests on knowledge or attitudes

or problem-solving ability are conducted. Any changes are attributed

to the curriculum package. Eggleston and Galton (1976) advocate a

"glass-box" strategy in which the actual implementation of the mater-

ials is carefully studied by classroom observation.

Classrooms , however, have long been an object of attention for

educational researchers (see Gage (1963), Rosenshine and Furst (1973)).

Most research was conducted within the scientific paradigm during the

1960's. When classrooms became a focus of attention for curriculum

evaluators, those from the hermeneutic tradition brought such tech-

niques with them and encountered a small body of researchers already

working in the hermeneutic tradition (for example, Jackson (1968),

Barnes et al. (1969), Nash (1973), Delamont (1976a)).

Classroom observation ranges from informal visits to the formal

structured observations, perhaps using interaction analysis schemes,

such as those developed by Flanders (1965), Matthews and Phillips

(1968), and Parakh (1969). One measure of teaching style may be

found in rating scales, such as the Classroom Observation Rating Form
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developed by Ashley (1968) and the Teacher Performance Competency

Scale developed by Steinbach (1970). A limitation of these is that

extensive information is reduced to a few subjective judgements on as-

pects such as warmth, sensitivity, classroom attractivenss and clear

and logical presentations.

A second measure may be teachers' reports of their attitudes,

values and opinions, but research indicates that there are discrepan-

cies between teacher beliefs and their classroom practices (Oliver

(1953), Kochendorfer (1966), Sagness (1970)). Neither of the above

methods is reliable or detailed enough to draw conclusions from their

use.

Another option in reaching an understanding of teaching styles is

to videotape or audiotape lessons, then analyse the tape or transcript

in detail, perhaps using systematic observation instruments, such as

the Science Observation System developed by Altman (1970). The video-

tape method can be very effective, but it has technical difficulties

and is, of course, very expensive. The audiotape method is easier to

handle, but a great deal of detail can be lost. It is best used as a

supplement to live observation if a review of a completed schedule is

wanted. The use of an audiotape was intended in the present study,

but the presence of a tape recorder in the classroom proved to be too

much of a distractor in preliminary observations, and so its use was

abandoned.

A common problem for scientific and hermeneutic studies is the

presence of an observer in the classroom. Dunkin and Biddle (1973,

p. 55) said:

It is at best difficult to gauge observer effects
upon classroom observations because this knowledge
presupposes observation of unobserved classrooms....
Normally, the best we can hope for is to minimize
the effects of observation by avoiding disruption
of the classroom and providing assurance of signif-
icance and confidentiality in our research.

Eggleston et al. (1975), in cooperation with 40 observers,
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viewed about 100 classrooms. They said (p. 7):

It is our experience that, provided the teachers
and classes are assured that observation is not
judgement, teachers are not threatened by the pre-
sence of an observer. We have been surprised by
the case with which observers were assimilated
into the learning environment.

In the present study, it was very difficult to convince teachers

that classroom observations were not value judgements, or for me to

believe that my presence did not disrupt the normal flow of the les-

son. The situation did improve with time.

The following are excerpts from my early field notes:

After one and then another student had both ob-
served the series from close-up and had come up
with observations that indicated a different re-
sult from that given in the textbook, Pl appealed
to me for help on how to resolve the issue -
clearly I was not allowed to be the cooly impar-
tial observer I had intended to be.

I was placed at a table in front of the class be-
cause there were no empty desks or spare chairs
in the school and I was the focus of the pupils'
attention a great deal of the time. P8 did not
teach to me, but he was very concerned after the
lesson about "how" he had done and whether he had
done "well." He was not convinced, despite my
protesting, that I was not able to judge and
eventually I just told him that he had done fine.

There are a number of explanations for this effect on lessons.

One was that it was a policy of the Project team to visit schools as

often as possible to view the materials in situ, and to assist teach-

ers with problems. For much of the time this was my role, simply

helping with developmental aspects of the Project. Teachers were told

when I did not want to be involved in a lesson, but this tactic did

not always work. Towards the end of one observation, the pupils

started to ask me questions about the beach and ocean, which some had

visited for the first time the previous weekend.

Another problem was that prior to the Project, few classrooms
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had ever seen visitors, except in the form of "inspectors." Thus it

was difficult to convince teachers that the observations were not

value judgements. Also I was known as the Project evaluator, an om-

inous word for one who feels he is being evaluated. A final compli-

cating factor was that I am white. In some of the schools more dis-

tant from Alice, whites were a rarity and to have one sitting in the

classroom was an unusual event.

Morgan (1977) carried out a study on the consequences of intro-

ducing an individualized mathematics program. She visited schools

extensively and made the following comments (p. xi, xii):

Some teachers are clearly more disturbed by my
presence than others. But it is often difficult
to judge. A teacher who talks to me a lot could
be preventing me from talking to the children,
from finding out their criticisms of the project
(and the teacher).

I can ask questions easily about the organiza-
tional/structural problems listed earlier. This
is easy. While I am doing this if I am lucky, I
can watch the class working while I talk with the
teacher. It was remarkable that even the very
worst classes I ever taught always worked hard in
the presence of my visitor. Maybe children resent
the intrusion as well.

The status of the classroom observer has been discussed here in

great detail as it is a problem common to classroom research within

both the scientific and the hermeneutic paradigm. The effect of the

observer on the classroom can affect the validity and reliability of

the results. Although no other observational studies had been con-

ducted in Ciskei classrooms, the information available prior to the

study from education personnel, including inspectors, teachers, pu-

pils and researchers, combined with feedback from such personnel

during and after the study, imply that the results in the present

study are valid. This point will be discussed in the next chapter.

Not only can the presence of the observer in the classroom af-

fect results, but the method of observation is also important. Sci-

entific researchers always use pre-specified classes of interaction.
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These classes may have emerged from preliminary observations, theories

or models, as was the case with the development of STOS (Eggleston et

al. (1975)). The developers have said (p. 3-4):

Initially, there was no attempt to use theoretical
models borrowed from psychology nor to base the
schedule on any explicitly formulated set of para-
meters. The main guide was the recognition that
recent developments in science teaching include an
acceptance of the processes of science as an inte-
gral part of learning science. At the outset, ob-
servers used trial versions of the schedule in order
to determine the extent to which behaviours, accepted
as part of the intellectual equipment of students of
science, were represented in science classrooms.

Pre - specified classes are usually concerned with overt, observable,

measurable interactions that do not take into account the intention

behind the interaction (Stubbs and Delamont (1976)). The use of such

classes leads to numerical data and statistical conclusions about the

observer and the observed, which may not always be valid.

The use of pre-specified classes may distort classroom events

into a pattern unrecognizable by the teacher. For example, Streit-

berger (1970) used the Schalock observation system to study CHEM

study and traditional chemistry classes in Oregon. This system has

three main categories: "Exposure to Information," "Precipitation of

Performance," and "Evaluation of Performance." The third category

has as sub-categories, "Positive Reinforcement" and "Negative Rein-

forcement." It is quite conceivable that the teacher being observed

did not consider evaluation in terms of reinforcement.

However, it is not only scientific research and pre-determined

classes which results in this type of bias. As Watson (1979, p. 3)

has pointed out:

It may be worth remarking though, that interpreta-
tive studies do not directly give us the teacher's
perceptions, but rather an interpretation by the
researcher of what these are so that the "scientific"
paradigm is not alone in imposing distortions.
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Three final points with regard to the differences and similar-

ities of classroom research within the two paradigms can be made.

One is that scientific studies draw conclusions about the average

classroom, and seldom discuss, or can discuss, the classroom which is

a perturbation from this average. This tendency of scientific re-

search has been noted elsewhere. Tyler (1967) made the point that

science education research should not only look at what most children

are able to learn, but should also look at the few children who can

learn everything and the few who find it difficult to learn anything.

Hermeneutic studies frequently focus on the extremes, rather than the

means, in an attempt to isolate significant processes or relation-

ships. An excellent example of this is the study by Delamont (1976b).

Secondly, there is the question of making generalizations on the

basis of a study. For scientific research, generalization is possible

if the study has reliable and valid results. Such researchers would

feel a great reluctance to make generalizations on the basis of small-

scale case histories. The National Association for Research in

Science Teaching and the National Institute of Education (NARST -NIE)

commission into research in science education has said the following

of hermeneutic work (1974, p. 13):

Such thorough reports of the behaviour of a single
student, a small group, or a class may provide in
sights into the moment-to-moment micro-dynamics of
learning. Their diagnostic potential are great.
Such studies should be made by an informed obser-
ver who may recognize new aspects and interactions
that would reorient or reinterpret previously known
results. Reporting the observations and conclusions
from a small data base requires skill and courage.

The hermeneutic school feel that since classroom settings share many

characteristics, important features can be isolated by observation,

and generalizations, even if not statistical in nature, can be made

(Stubbs and Delamont (1976)).

Finally, a major criticism of scientific work is that frequently

the temporal and spatial context of the observation is ignored,
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leading to the exclusion of valuable data. Both Stubbs and Delamont

(1976) and Parsons (1977) have warned, however, of the danger of only

focussing on the classroom; the larger historical and social context

should also be considered. Thus, work within each paradigm may lose

information by having too narrow a focus.

The present study has features of both the scientific and the

hermeneutic approach; the synthesis is not always comfortable. The

approach adopted will be discussed in more detail in the next chapter.

Before doing so, it seems appropriate to consider a study which also

synthesized the approaches, and which in many respects parallels the

steps taken in the present study.

Delamont (1976b) carried out live observations in two girls'

schools in Scotland. She began her field-work by making eight obser

vations of each teacher (18 in all) in the schools, using Flander's

interaction analysis scheme. She then calculated the percentage of

teacher-talk recorded for each teacher, as well as the rank-orders

for proportions of teacher-responses to pupil-talk which are accept-

ing or rejecting. She also considered the amount of questioning and

lecturing in the teacher's speech and the relative proportions of

spontaneous and solicited pupil-talk. At this stage, she said

(p. 107) :

A superficial examination of the three rank
orders... gives one the impression of chaos
.... Faced with such data the researcher in-
terested in the norms of teacher behaviour is
in difficulties. Not so the social scientist
who studies individual classroom regimes - for
her the anomalies revealed ... are the ideal
starting point for an investigation of unique
characteristics. Any teacher, or pair of teach-
ers, can be studied in great detail, and at-
tempts made to understand the underlying rea-
sons for their place in the ... rankings.

Delamont then concentrated on four teachers, the two Latin

teachers and two of the Science staff. The former two were markedly

different in their rankings. The latter two were very similar, but
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quite different from all the other Science staff. She used four

themes to focus her data. These were the physical settings created

by the teacher, their personal appearance, their pupils' opinions of

them, and extracts of dialogues from the lessons. She says of this

further work (p. 118, p. 120):

Thus the four themes came together, to amplify,
explain and humanize the systematic data on the
two Latin teachers, who are similar in many ways
because they both teach the same subject - yet
who differ profoundly in their philosophies of
teaching the subject.

The [systematic] data ... though necessarily in-
complete because of the nature of all science
lessons under the new syllabuses, does reveal
evidence of the results of two different schools
of thought among Science teachers about the pro-
per amounts of guiding and discovering.

Once these [lesson] extracts are examined, and
compared with the information carried by the
other themes, ... the differences in the sys-
tematic profiles becomes explicable.

Delamont concludes (p. 127):

Systematic techniques in general ... can be
sensitive research tools, but ... they are im-
measurably strengthened by the addition of data
collected by other, unstructured types of obser-
vation.

It is this last comment which is taken as the theme of every-

thing which is to follow. The use of the Science Teaching Observa-

tion Schedule in conjunction with Teacher Profile Form A highlighted

features of teaching styles, which were then further explained by

all the observational data collected for this and other studies dur-

ing field-work in the schools.
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D. CROSS-CULTURAL RESEARCH

In the previous parts of this chapter, prevailing paradigms in

educational research have been identified. Some strengths and weak-

nesses of both the scientific and the hermeneutic tradition have been

noted. If the present study had been conducted in white English-

speaking South African schools, perhaps methodological difficulties

would have ended there. However the Ciskei is a black Xhosa-speaking

area of South Africa. Added to this is the fact that little or no

literature is available on education in the Ciskei and only some lit-

erature on the politics and economics of the area.

Other curriculum research in Africa indicated that it would be

dangerous to simply apply a Western viewpoint to an African problem.

Kay (1975), writing about curriculum development in Africa, makes

the following comment (p. 183):

Educational methods and techniques, borrowed
from the more developed states primarily be-
cause they seem to have worked there, should
be analysed critically in their new setting
to discern how universally applicable they
really are.... (By) viewing curriculum change
primarily as a technological matter, deep
cultural and philosophical issues have been
minimized which are actually crucial to ef-
fective curriculum change.

This comment was later re-iterated in a somewhat different form by

Lutterodt (1980) who points out (p. 269):

The human factor plays a big part in any in-
novative process and one could expect that
curriculum development strategies appropriate
for Africa would differ somewhat from those
appropriate elsewhere.

Oram (1976) asked Ghanaian teachers to rate the relative impo..tance

of preparing a child for society and of promoting his individual de-

velopment. Results indicated that Ghanaian teachers prefer educa-

tion which emphasizes social solidarity, contrary to results obtained
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from British teachers.

It is a common assumption in the United States that socio-

economic status is linked to performance in school. Yet Heyneman

(1979) found that Ugandan children who do not come from homes with

many possessions and an educated, able father, will still do well in

school. He found that the self-confidence of the child was linked

with performance, and he argued that socio-economic status links were

absent because social stratification, on the basis of wealth and ed-

ucation, was not yet entrenched. Literates and illiterates would be

found in the same family. Also there was a close link between income

and level of education. Occupational attainment depended on school

performance and to a great extent on success or failure in the com-

puter-marked, multiple-choice primary leaving examination.

There is evidence, only some of it given here, that assumptions

and practices that work well in the United States and Europe will not

necessarily work well in Africa, or in other parts of the Third World

(Al-Issa and Dennis (1970), Roberts and Akinsanya (1976)). Most

cross-cultural research falls into the domain of psychology or anth-

ropology, and results from these disciplines feed constructively into

knowledge of educational practices. Very broadly cross-cultural psy-

chological research, with its emphasis on measurement and testing,

takes its cues from the scientific paradigm, while anthropological

research (particularly social and cultural), with its emphasis on

observation, falls within the hermeneutic paradigm.

It is argued then, that measurement and observation are both

necessary if one is to understand what is happening in a cross-cul

tural context. A recent study (van den Berg (1978)), published by a

reputable South African research institution, falls short of the re-

quirements for adequate cross-cultural research. Van den Berg con-

ducted a study on the black man's mathematical ability. He drew

some fairly startling "conclusions-opinions" from the results ob

tained from a literature review, interviews with mathematic teach-

ers and questionnaires to pupils. One conclusion he drew was that
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there was no purpose in submitting black pupils to a battery of tests

in order to determine their mathematical ability! At no time did van

den Berg measure the pupil's ability, nor did he give any indication

that he had observed mathematics classes. Yet he felt confident

enough to recommend a new structure for mathematics education for

blacks in South Africa.

Cross-cultural research has both an etic and an emic dimension

(Brislin et al. (1973)). Work within the etic dimension attempts to

describe practices across cultures, while emic work seeks to describe

practices within cultures. By using STOS, it was assumed thatscience

less,:ms have common features, irrespective of the cultural context of

the lesson, and that results of STOS observations would allow valid

comparisons between science lessons in the Ciskei and elsewhere.

Most other evidence, gathered from informal observations and those

preceding the STOS study, and from my own teaching, allowed me to de-

scribe practices within the Ciskei context, and so help to explain

any differences or similarities between science teaching in the Cis-

kei and elsewhere. In this way, it was hoped that implausible al-

ternative hypotheses to the main hypothesis would be avoided.

Having established that it was necessary both to measure and to

observe events in Ciskei classes, the difficulties were not over.

Brislin et al. (1973) have listed many problems which may be en--
countered in cross-cultural research. Two in particular are rele-

vant to the present study, apart from the list of sources of error

identified by Campbell and Stanley (1963), which are briefly dis-

cussed in the next chapter.

Brislin et al. (1973) point out that the researcher does not

know the meaning that other cultures may attach to the research pro-

cess, or the particular research being undertaken. In the discussion

on classroom observation, some of the reactions that teachers had

when their classes were observed were noted. They did not want to be

"observed" and could not see the point of watching a lesson if the

observer did not participate, advise or criticize. Reports on all
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evaluation studies, including the STOS study, were given to all teach-

ers, sometimes with the specific request that we would welcome any

comments. Yet not one teacher ever made a remark on any of the re-

ports to me or the developers. Part of the blame must lie with the

evaluation strategy. Little opportunity was provided to discuss or

share evaluation feedback with teachers. On one occasion when an at-

tempt was made to do this, there was a misunderstanding and teachers

happily walked away with the only copies of carefully analysed data.

Another problem identified by Brislin et al. (1973) is that of

experimenter effects and demand effects. The former arise when the

subjects of the study try to discover the preferred hypothesis. Even

if teachers did not understand exactly what was being done or ob-

served, the trial teachers all realized that we "wanted" to see

"good" science lessons (in the Project mould), and the control teach-

ers all wanted to teach as "well" as they could. This meant that

teachers were usually teaching to the best of their ability, and us-

ing as many techniques as they could. Thus the results of the STOS

and TPA observations may not be measuring "average" science lessons,

but "good" science lessons.

E. SUMMARY

The prevailing paradigms in educational research have been iden-

tified (and labelled) as the scientific and the hermeneutic para-

digm. Most research within the former paradigm is experimental and

assumes that events can be categorized and measured. The object of

the research is generalization to principles or laws of human be-

havior. Hermeneutic research primarily aims at relevance, the de-

scription of an underlying pattern and perhaps an explanation for the

pattern. It relies for its evidence on observation, interviews,

transcripts and so on, and not on the results of tests and measure-

ments.

Curriculum evaluation and classroom research boasts work done
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within either paradigm. Evaluation has begun to focus on the dynamics

of curriculum change, as well as on the attainment of objectives or

achievement gains. Classroom research has begun to use tools other

than interaction analysis, and rather than hoping that the observer

is objective, actively uses the subjective aspects of observation.

The present study seeks to incorporate methods from both paradigms,

and hopes that a combination of methods will lead to greater under-

standing.

In research conducted outside the United States or Europe, it is

necessary to recognize cross-cultural issues. Assumptions held else-

where may not be true in Africa. Using the key methods from the two

paradigms, namely measurement and observation, a detailed description

of science lessons may be obtained, and verifiable, valid conclusions

may be drawn. The unfamiliarity of the teachers with educational re-

search and their consequent desire to teach "good" lessons were iden-

tified as problem areas.

The procedure adopted in the present study will be discussed

extensively in the next chapter.
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IV. PROCEDURE

A. DESIGN

The intended experimental design was the post-test only control

group design (Campbell and Stanley (1963), p. 25):

Trial R X 0
1

Control R 0
2

Since the trial group consisted of all teachers who attended the

introductory orientation course for 1979, it might be considered as

a randomized group. There are some doubts however about the random-

ization of the groups because of the manner in which the Project was

introduced into Ciskei schools, even though the teachers were not

personally selected.

In 1978, six schools were invited to join the Project. These

schools had their first glimpse of suggested Project materials at a

workshop in April 1977, and one of the schools was used to test pilot

versions of the kit and some physical science worksheets. Four were

well-established schools, which had some science facilities and/or

a tradition of science at the school. Two had a separate room for

science and two a "fully-equipped" laboratory (but without running

water and electricity). This criterion for selection misfired later

in the year when the science laboratory at one school was burnt down

by rioting pupils. The other two schools were new junior secondary

schools and had no science facilities or apparatus prior to the ad-

vent of the Project. The Project developers intended 1978 Project

schools to be used for testing the materials and kit for feasibility

and in situ. Since one of the Project's aims was to assist schools

with no apparatus, the two new schools were brought into the pilot

group to test this aspect. The schools which were to join the Pro-

ject in 1979 were to constitute a group as near to the projected

"real" situation as possible. As it turned out, biology worksheets
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were tested for the first time in 1979, thus the "real" situation was

not as "real" as originally intended.

In June 1978, the Project director sent letters about the Pro-

ject to all secondary schools in the Alice and Middledrift schools

which were not in the 1978 group. Principals were asked to discuss

the Project with their science teachers, and to respond with a letter

stating their interest in joining the Project. Eight out of 20 let-

ters were answered and in late August and early September, the Pro-

ject director and I visited seven of these eight schools. Teachers

from these schools then visited a school using the Project materials,

and the teachers '.7ere invited to become a part cf the Project group.

Later that year ten teachers from these schools attended an in-

troductory orientation course. When schools re-opened in 1979, only

eight of the ten had returned to their schools, and by the time the

study was carried out, one of these had left his school for a job in

industry. One of the 1978 schools had experienced a complete staff

turnover, thus early in 1979, the two new teachers were given an

orientation course. The seven teachers from 1979 schools and the

two teachers from the 1978 school who had been through the orienta-

tion course were included in the trial group. Excluded were other

1978 teachers, and two 1979 teachers who were introduced to the Pro-

ject by their colleagues rather than the Project staff.

Early in 1979 the two chief inspectors for the Alice and Middle-

drift schools were approached and permission was requested to set up

a control group for purposes of the evaluation. This control group

of schools was to be used in a number of studies, including the pre-

sent one. In the Alice circuit, all but three schools were already

in the Project group. One of the three schools was excluded by us

on the grounds that it was quite unlike any other school in the

district, having had a history of being an experimental school for

Fort Hare education research. In the Middledrift circuit, the in-

spector selected three schools and a possible fourth out of the

seven for control purposes. The two Alice schools and the three
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Middledrift schools were visited in late March by the inspectors and

me in order to tell the teachers about the Project and ask them if

they would object to being part of the control group. They all asked

if they could rather be part of the trial group which was impossible.

The presence of the inspectors seemed to squash any further objec-

tions. (The fourth possible school was never visited because of tor-

rential rains, and later changed principals. The inspector asked me

to exclude it as he wanted a stable school for comparison.)

Contact was maintained with the control group through letters

and an occasional visit until August when regular school visiting was

started in order to conduct all the evaluation studies we had planned.

In March it seemed as if there would be ten teachers in the control

group, but one teacher had left the school in August. Thus the con-

trol group also consisted of nine teachers.

Whether or not the trial and control groups truly constitute

randomized samples is a matter for debate. In that the schools were

selected by the inspectors; in that the teachers in the trial group

were the only teachers who had attended the Project course; and in

that the control group was formed from schools in the same circuits

as the trial groups, and which were alike in all obvious respects,

the groups are assumed to be randomized. The composition of the

trial and the control groups is similar (Table 5), and neither group

differs markedly from the composition of a larger group of science

teachers (Table 1 in Appendix I). Thus the intended design (post-

test only control group) is considered to be the actual design in

practice.

B. SUBJECTS

The chief characteristics of the teachers in the trial and con-

trol group are summarized in Table 5.

The entries in the table can be misleading. The trial teachers

who had taught for more than ten years had mainly taught primary
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school classes and had only been teaching at the junior secondary lev-

el for three or four years. The two most highly qualified teachers

did not have qualifications in science but in Xhosa, Biblical Studies

and English or History.

Most teachers had classes of over 40 pupils, and taught in schools

of between 250 and 350 pupils. They usually earned less than R250

(about $320) per month. Although some would have preferred to be

working in business or industry because of higher salaries, most pre-

ferred to be teaching in rural rather than urban areas. Between them,

they had been called on to teach every other subject in the school,

except for needlework, but were usually called on to teach English,

Xhosa, Biology (at the Standard 8 level) or Mathematics. Almost all

assisted with extramural activities, mainly sports and music. Their

schools offered afternoon study periods three or four times a week,

usually supervised by staff and prefects. They taught between 30 and

40 35-minute periods per week, but half had spent between five and

15 days of the year at inservice courses. They prescribed homework

twice a week but did not usually correct it themselves. They tested

students once a fortnight or at the end of every chapter, depending

on school policy. Only half completed the science syllabus, reasons

being that it was too long or difficult, the school year was too short

or there were too many interruptions during the year. The above in-

formation was obtained from a Teacher Feedback Form, completed in

November 1980 at a meeting of Project and control teachers.

The overall impression of the subjects is that they are general-

ly young, generally male, have some professional training and teach-

ing experience, earn poor salaries, teach other subjects besides

science and are kept busy with heavy teaching loads, extramural ac-

tivities, frequent tests, attendance at inservice courses and with

demands to complete a difficult syllabus under difficult conditions.
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Table 5 - Characteristics of teachers in trial and control groups

Characteristic Trial (n=9) Control (n=9)

Sex:

MAle/female

Age:

7/2

3

4

1

1

7/2

5

2

2

20 - 25 years

46 - 30 years

31 - 40 years

Over 40 years

Years of teaching experience:

1 - 2 years 3 3

3 - 5 years 1 /4

6 - 9 years 2 2

10 - 15 years 2 0

16 - 20 years

Over 20 years 1 0

Qualifications:

School-leaving Certificate 1

Primary Teaches Certificate 4 3

Junior Secondary Teacher's Certificate 4 4

Senior Secondary Teacher's Certificate 1

University Degree 1
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C. INSTRUMENTAL TECHNIQUES

Two instruments were used to gather data during classroom obser-

vation, one a systematic schedule (STOS) and the other an open-ended

questionnaire (TPA). These are discussed in turn.

1. The Science Teaching Observation Schedule (STOS)

(See Appendix II for a copy of STOS)

STOS was developed in England in the early 1970's to assist in

the evaluation of the effect of Nuffield science materials on science

teaching. Why was STOS chosen rather than one of the other instru-

ments available?

An observation scheme was needed which could give in some de-

tail features of a science lesson. Flanders' scheme (1965) was not

suitable as it does not cover science teaching specifically, nor is

it suitable for monitoring the activity and questioning advocated by

new science curricula. A scheme which focused on the cognitive or

intellectual (rather than affective) aspects of a lesson was also

needed, since increased knowledge and comprehension was one of the

aims of the Project. A scheme which.recognized questioning and the

process approach to science was also desirable, because of the Pro-

ject emphasis on the use of questioning and processes.

A search through Mirrors for Behaviour (Vol II) (Simon and Boyer

(1970)) did not reveal any instrument that met these requirements or

that seemed to have had any success in differentiating between styles

of science teaching.

Parakh (1969) reviewed many observational schemes before study-

ing high school biology classrooms. He found that (p. 285):

... not even one of these has been specifically
developed for the study of the moment by moment,
complex, teacher-pupil interaction in science
classes - especially laboratory classes, the
sine qua non of modern science teaching.
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He then developed a category system, but pointed out that such cate-

gories do not necessarily arise out of observations, but can be con-

cepts invented by the research and shaped by continued observation.

Eggleston et al. (1975) noted that in their development of STOS

they reviewed over 100 instruments, finally deciding to construct one

that was science-specific; that could be used by many observers; that

would discriminate between teacher actions and pupil actions; that

would discriminate between the presentation and the use of content;

and that contained categories that would discriminate between groups

of teachers with different styles. They said (1975, p. 4):

... our interests centered upon those intellec-
tual transactions which facilitated ... a dif-
ferentiation among teachers and their classes
into groups, each designated according to its
style. Features common to all or most science
classrooms tended progressively to assume less
significance.

Observation instruments may be classified as "category" systems, in

which case all interactions are recorded and usually sequentially in

time intervals of the order of seconds; or as "sign" systems, in

which case only certain interactions are recorded and only if they

occur within a time interval of the order of minutes. Dunkin and

Biddle (1973) remarked (p. 72):

... category systems are more sensitive, pre-
cise instruments than sign systems. By the
same token, sign systems might be more reli-
able, since they eliminate the extreme scores
sometimes obtained with category systems.

A facet is a set of statements about interactions which are

clear and mutually exclusive of all others. Facets enable observa-

tions to be more easily related to other variables, particularly in

process-product studies.

Following these definitions, STOS is then a sign system, with

five facets divided into two classes of teacher talk and talk or ac-

tivity initiated or maintained by pupils. The facets cover
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teacher-pupil, pupil-pupil and pupil-resource interactions, and in-

clude the following:

QUESTIONING la Teacher asks questions or invites comments
which are answered by pupils

TEACHER STATEMENTS b Teacher makes statements
AND DIRECTIVES

Teacher directs pupils to sources of in-
formation

PUPIL ACTIVITY 2d Pupils seek information or consult with
each other

e Pupils refer to the teacher

These are broken down further into 23 categories, all of which are

intellectual transactions and all related to science. For example,

lb is broken down into the following:

lb Teacher makes statements:

b
1

Of fact and principle

b
2

Of problems

b
3

Of hypothesis and speculation

b
4

Of experimental procedure

Each category of transaction may be recorded only once during a

time-unit, no matter how often that category is repeated during the

time-unit. Any number of categories however can be recorded. See

Appendix II for an example. One change was made in the English ver-

sion of STOS, which used time-units of three minutes. It was felt

that the sequential flow of transactions and the relative frequency

of use of categories could be demonstrated better with shorter time-

units, such as one minute. For Ciskei classrooms, this meant that

for every one-period observation, 30-35 units were used.

2. Teacher Profile Form A (TPA) (See Appendix III for a copy)

Throughout 1978, Project staff, including myself in the latter
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half of the year, visited Project classrooms. In addition, a Stan-

dard 6 and a Standard 7 class were taught by me from August to Octo-

ber 1978 in order to provide feedback to the developers on the writ-

ten materials and kit, and to gain firsthand experience of Ciskei

schools. During September 1978, all schools who were to join the

Project in 1979 were visited at least once by me. Some aspects of

lessons that were not categorized on STOS were significant features

of science lessons using Project methods and materials. We wanted a

record of such features as the actual use of the materials, the man-

ner and extent to which goals were being focussed on by teachers,

classroom atmosphere and the quality of questioning and explanations.

At SEP staff meetings in late 1978 and early 1979 the content

and format of an instrument on which to record such features were

discussed and the SEP Teacher Profile was the result. We used a pi-

lot version in classroom visits during February and early March after

which slight changes were made. We also decided to use a similar in-

strument for teachers to use as a self - evaluation exercise. Thus by

the end of March 1979, we had developed Teacher Profile Form A (TPA)

and Form B (TPB). Form A was to be completed by Project staff during

or after each visit to a classroom, and Form B by teachers after com-

pletion of an entire section and only at our request. See Appendix

II for a copy of TPA.

The TPA was used by the SEP development and evaluation team in

almost all observations in 1979, and in particular during those les-

sons which were also observed with STOS during the research for this

study.

All questions on TPA were open-ended, but in that they had been

developed and discussed by the SEP team, only a limited range of re-

sponses were used. In addition, the other observers were my col-

leagues and we had on occasion watched the same lesson.

The sub-sections of the TPA included:

a. SEP Educational goals,

b. SEP Teaching skills,
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c. Use of the SEP Teacher's guide,

d. Demonstration technique,

e. Use of worksheets,

f. Use of kits,

g. Questioning,

h. Teacher and pupil actions, and

i. Overall classroom atmosphere.

We also used the TPA in observations of control classes during

August and September, completing only those questions which were in-

dependent of the use of SEP materials.

3. Reliability

In July 1978 I spend a day at the University of Leicester being

trained in the use of STOS by one of the developers, Maurice Galton.

Prior to the training, the STOS User's Manual (Eggleston et al.

(1975)) had been studied to learn the ground rules for using the

facets and categories. The first part of the training consisted of

viewing two videotapes, during which time classifications of lesson

extracts had to be made. This was followed by a preliminary reli-

ability check observing three extracts each lasting nine minutes.

The final reliability involved observing three extracts each of 21

minutes.

These trials resulted in a coefficient of agreement R, where

and where

R = a - b

a refers to the number of occasions on which both
observer and expert agree that an interaction has
occurred.

b refers to the number of occasions on which ob-
server and expert disagree that an interaction
has occurred, and

c refers to the number of occasions on which the
experts deem an interaction to have occurred.
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The coefficient R responds fairly coarsely to disagreement, with

disagreement between observer and expert dropping the value of the

coefficient by 3% to 5%. For example, in one 21 minute tape, with

time-units of three minutes, at least seven interactions will be re

corded, and probably not more than 30 interactions. Thus if c = 30,

every disagreement drops the value of R by 1/30, or about 3%.

On the preliminary check, the overall result was 0.92. On the

final check, this dropped to 0.69 (0.62 for the chemistry tape, 0.74

for the biology tape and 0.74 for the physics tape). The chemistry

tape was difficult because the accents of the teacher and children

were not familiar, and I often had to guess what had been said. Dis-

cussions with the trainer after the final trial cleared up most of

the difficult points.

Ill-health curtailed my school visiting program in September

1979. Thus, colleagues made nine observations each out of a total of

53 observations. By late August, two dozen STOS observations had

been made by me. Most of the incidents which were likely to occur in

Ciskei classrooms had been encountered. My colleagues studied the

STOS User's Manual and we met one afternoon to discuss their under-

standing of the facets, categories and ground rules, and used some

completed schedules to illustrate typical results already obtained.

A reliability check on inter-observer agreement was scheduled

for early October, during which we were all to watch the same lesson.

An unexpected stay in the hospital meant that only my two colleagues

watched the lesson. A calculation of the coefficient of agreement

R was Changed slightly, since neither observer could be considered

"expert." a. and b were taken to be the number of times they agreed

and disagreed respectively, and c to be the mean number of inter-

actions which they thought occurred during the lesson. The coef

ficient of agreement between them was found to be 0.77.

In that the developers and users of TPA were one and the same

group of people, no formal training on the use of the instrument

was necessary. Instead, through discussions and preliminary testing
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of it, consensus was reached on the types of responses that were con-

sidered suitable. In collating the results of TPA as used in this

study, the range of responses was reduced to distinctive general cate-

gories. Although there is not (and cannot be) a statistical check on

the responses, all observers were consistent in their answering of

the questions. The characterization of each teacher as recorded on

the TPA did not vary much from one observer to the next. Most incon-

sistencies in interpretation had been ironed out during the testing

stage, or could be understood in terms of knowledge of the other ob-

servers.

4. Validity

Is it possible to say that the results obtained with STOS serve

the particular use for which they are intended, which is to describe

the teaching styles of teachers in trial and control schools? STOS

was developed in order to differentiate among groups of teachers us-

ing Nuffield science materials. The developers of STOS used it in a

process-product study and assumed that intellectual transactions in

the classroom directly affected achievement. Thus the categories of

STOS refer only to intellectual transactions. The results obtained

in the Ciskei with STOS (see the next chapter) do indicate that teach-

ers in the two groups used distinctive and different patterns of in-

tellectual interaction in the classroom. Also, these patterns re-

flected impressions gained by informal observations. It is asserted

then, that the STOS results are valid; they give a measure of teach-

ing style.

5. Statistical techni ues for the anal sis of STOS data

The frequency of use of each category by each teacher was cal-

culated. For each category, these frequencies were ranked from most

often used to least often used for all the teachers combined. Thus
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the teacher who used the category least was assigned a rank of 1.

The sum of the ranks for the trial group and for the control group

was then obtained for each category. By obtaining the sum of the

ranks for each group, the Mann-Whitney U test can be used. This is

a non-parametric test, and it evaluates the difference between popu-

lation distributions, and not population means. The test indicates

whether or not trial teachers are more likely to use a certain cate-

gory than control teachers. Categories were checked for differences

in the population distribution at the 0.05 level. In that the treat-

ment (i.e., materials and inservice training) suggested the direction

in which change might occur, a one-tailed test was used. McCall

(1970) was used as a reference for this part of the analysis.

This analysis indicated that the two groups differed on the use

of a number of categories. However, the STOS results were to be used

not only to test for differences, but also to reach some character-

ization of the teaching styles of trial and control teachers.

The technique of cluster analysis was used to do this (Sokal and

Sneath (1963)). The following is a brief outline of the particular

technique used in this study.

a. No differentiation is made between trial and control teachers.

Each teacher is paired with every other teacher, and a distance

coefficient for each pair is calculated, according to the formula

n=23 f. - f
1

'

p iq
D =
Pq i=1 100n

where p and q are teachers p and q,

n (=23) is the number of STOS categories,

andf.is the frequency of use of category i by teacher p.
1,p

Thus, Dpq is a measure of the average difference between the fre-

quency scores of a pair of teachers, summed over all 23 cate-

gories.

b. A distance matrix of all D 's is constructed, and the lowest
Pq

D
Pq

identified, say D
rs

. This identifies the pair of teachers
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that are most similar. The mean frequency of use of each cate-

gory by this pair of teachers is then calculated, and the pair

is then considered as a "single" teacher, say r'.

c. A new distance matrix is then calculated, with all the coeffi-

cients involving r and s being recalculated using only r'. The

lowest D in this new matrix is then identified.pq

d. Steps b and c are repeated until clusters of a satisfactory size

emerge. ("Satisfactory" depends on the nature of the clusters

that emerge, and although it is possible to prescribe beforehand

that the analysis will stop at a certain number of clusters, such

prescription may not aid description and explanation) (Youngman

(1979)).

D. OBSERVATIONS

Most of the observations with STOS and TPA that are reported in

this study were made during the period mid-August to early October

1979. It is these observations that form the main source of data.

During September 1978 a few lessons by teachers who were to join the

Project in 1979 were observed using STOS. These STOS observations

are used to highlight and/or explain the data from the main study a

year later. The intention was to observe all the prospective trial

teachers a number of times, but there is insufficient data from this

period for a statistical test.

The last of the three inservice content courses had been held

in late July and early August. This meant that the observations

were undertaken shortly after all inservice training was completed

and about eight months after the introductory orientation course.

Rosenshine (1973) re-evaluated a SCIS evaluation study by Moon. He

found that teachers who were newly trained in using new materials

could be more variable in their behaviour than teachers without any

training. Thus, the observations were made after the training was

complete and at a time when trial teachers had been using the
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materials long enough to settle into a distinctive pattern of inter-

actions.

In all, the nine trial teachers were observed 27 times for a to

tal of 940 minutes. Control teachers were observed 26 times for a

total of 822 minutes. The selection of these groups was discussed

earlier in section 'A of this chapter, and their composition is given

in Table 5. Most teachers were observed three times each. One was

observed a fourth time as an earlier lesson had been very short. Two

teachers, one of whom left the school in early October for a new job

and another who was teaching in a school which discontinued classes

in late September after severe student unrest, were observed only

twice.

In Rosenshine's (1973) analysis of the SCIS evaluation study, he

considered the variations in behaviour of the experimental group who

had undergone inservice training and had been observed four times.

He found that the variation as a group was not significantly differ-

ent from one observation to the next, but that individual variations

were extreme. He noted (p. 226):

If an investigator wishes only to compare the
behavior of one group of teachers with that
of another group, then it appears that one or
two observations are sufficient to obtain a
trustworthy mean score for the group.

Since the teachers in the present study are being studied as groups

and not individuals (with regard to the main hypothesis), three ob-

servations per teacher were planned.

Two-thirds (36 out of 53) of the observations were undertaken by

me and were done on "surprise" visits to the teacher. This meant

that the teacher could not in any way have made special preparations

for the lesson observed. One-third of the observations (18 out of

53) were undertaken by two colleagues and in order to save their time,

these visits were prearranged. In a few cases, special preparations

had been made, but the STOS and TPA records indicated little differ-

ence between observations made on surprise or prearranged visits.
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All observers visited roughly the same number of trial and control

teachers, so as to avoid observer bias.

There were 53 actual observations out of 77 attempted. Twenty-

three surprise visits were fruitless, for a variety of reasons, such

as bad weather (classes are often cancelled on very rainy days);

school cleaning for an official function; time-table reshuffles; ill-

nesses of teachers; class tests; examinations in the senior classes;

school closure because of an impending long weekend; or the teacher

being absent without leave, or away at a course. One prearranged

visit was wasted, as the teacher wanted to teach a different topic

for the observer.

All observers usually took a back or side seat in the classroom,

and had with them a watch, a pencil and a STOS sheet. The TPA was

completed after the class. When the classes were involved in group

work, we walked from group to group, making no particular attempt to

remain within earshot of the teacher. Only transactions within ear-

shot were noted.

As the discipline in Ciskei classrooms is very strict, the pre-

sence of an observer seemed to have little noticeable effect on the

pupils, and generally did not seem to disrupt the lesson in any ob-

vious way. However, discussions with teachers indicated that they

were very conscious of our presence, and in all early visits to

schools, our presence was unusual and tended to excite pupils and af-

fect teachers. This has been extensively discussed in Chapter III,

Part C. Despite the sometimes questionable effect of the observer on

the classroom, all observers felt that during the STOS study, teach-

ers were accustomed to being observed. They knew that we did not

want them to pay us any attention.

E. OTHER SOURCES OF DATA

Because this study formed only one of a number of concurrent

evaluation studies on the Science Education Project in the Ciskei,
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there is available other data about pupils and teachers either col-

lected by myself or by my colleagues. It would be impossible not to

draw on this data in trying to understand the results of the present

study or in trying to explain or verify the teaching styles observed.

Some of this data is briefly summarized below.

1. Pupil achievement

Rogan (1979, 1980a, 1980b) conducted a series of tests to assess

pupil performance on written examinations. Results of the 1978 writ-

ten physical science examinations were inconclusive, with Project

pupils doing better than non-Project pupils in Standard 6, but with

the reverse true in Standard 7. The 1979 written examinations indi-

cated that Project pupils were superior to non-Project pupils in both

biology and physical science and in both Std 6 and Std 7. Differ

ences ranged from 3% to 12% and were all significant at the 0.05

level on a test of difference in means (Macdonald (1980d)). The ex-

aminations were of the multiple-choice type, and results were found

to be reliable (% 0.90, split-half technique).

Rogan (1980c) reported on a study assessing the ability of pu-

pils to do practical work. Major processes and concepts in the Std

6 and 7 physical science syllabus were identified, and a list of

problems was drawn up. Results for Project pupils were satisfactory

at both the Std 6 and 7 level, and were superior to those for non-

Project pupils. Certain areas were identified as being difficult

for Project or non-Project pupils.

In the written examinations, Rogan (1980a, 1980b) found that

Project pupils were able to answer knowledge and comprehension type

questions better than non-Project pupils, and also questions based

on practical work or not based on practical work. In an analysis of

examination results according to sex, Macdonald (1980c) found that

boys did significantly better (0.05 level) than girls on the written

examinations.
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From the studies on pupil acheivement in Ciskei schools using

Project materials, we were able to conclude that use of Project meth-

ods and materials encouraged learning as measured by our tests. Al-

though this study does not seek to evaluate the intrinsic worth of the

teaching styles, it is at least of general interest to note that pu-

pils in Project classrooms learn more as measured by written examin-

ations.

2. Pupil reasoning ability and the prescribed syllabus

In September 1979, 602 pupils in six Project and four control

schools were given Science Reasoning Task II: Volume and Heaviness.

The Task is based on Piaget's theory of cognitive development. It

was developed by CSMS (Concepts in Secondary Mathematics and Science)

and CSSC (Concepts in Secondary Science in the Caribbean) (Adey (1976),

Shayer (1979)). It was adapted by us for use in the Ciskei (Macdonald

(1980b). Pupils were assigned to stages according to a set of assess-

ment rules drawn up from Piagetian protocols. Relatively more Pro-

ject than control pupils were found at the intermediate and late con-

crete operational stages. It was concluded from that study that the

reasoning ability of Project pupils had been optimized by an increased

and stimulated interaction with the environment.

In general, 95% of the pupils were at or above the early con-

crete operational stage, about 55% were at or above the intermediate

stage and only about 13% were at the late concrete operational stage.

This means that teachers are teaching pupils who are not yet capable

of formal operations.

A later study (Rogan and Macdonald (1980)) looked in detail at

the level of reasoning (Piagetian) needed to understand the topics

in the Standard 6 and 7 physical science syllabus. Using the results

of the Science Reasoning Task and examination results, it was shown

that many topics in the prescribed syllabus were beyond the reasoning

ability of pupils. Difficult topics lead to an excessive use of
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rote-memorization on the part of pupils. It was our feeling (not

quoted in the report but based on observation of teachers in the

classroom and at courses) that some of the topics were not fully

understood by teachers, which in turn led to a very limited presenta-

tion of the topic in the class, an excessive use of facts from the

textbook and little or no pupil exploratory activity.

3. Pupil attitudes to science and science classes

In September 1978 and September 1979, pupils in Project and con-

trol schools completed the Pupil Questionnaire. The attitude state-

ments on the questionnaire were grouped into the following four cate-

gories for analysis:

a. image and relevance of science,

b. interest in science,

c. performance in science classes, and

d. use of resources.

Results of the attitude study have been extensively discussed in

Macdonald (1980c). Interview data were gathered by a Xhosa-speaking

colleague to validate the questionnaire results, which had indicated

that Project pupils had significantly better attitudes towards

science and science classes than control pupils. The interviews

and questionnaire revealed that pupils were very proud of being

science students, and were pleased to be able to work on their own.

Many felt that science would help in the future and was already help-

ing them in their daily lives (Kota (1979)).

Classroom observations and teaching indicated that the major

reasons for Project pupils doing better in science and liking it more

than control pupils was not only that they did practical work, but

that they did it in groups and thus participated actively in science

lessons. Watson (1963) has said that educational psychologists agree

that genuine participation can increase motivation and the speed of

learning.
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4. Pupil attitudes to teachers

As part of the attitude study (Macdonald (1980c)), 75 Std 6 pu-

pils and 87 Std 7 pupils were asked to write paragraphs on and to

rank five characteristics of a teacher they liked and of a teacher

they disliked. Item analysis was carried out on the paragraphs. The

results of the item analysis and of the ranking showed remarkable

agreement.

The teacher the pupils liked best was one who explained ideas

very carefully and who was prepared to share his knowledge with them;

in short, they liked a teacher who "taught well" and disliked a teach-

er who explained inadequately, who was disinterested and who did not

answer their questions. Of secondary importance was the personality

of the teacher, and whether or not he liked the pupils or punished

them fairly. Sixty-nine percent (Std 6) and 84% (Std 7) referred to

teachers who taught well, while only 41% (Std 6) and 48% (Std 7) men-

tioned favorable personality attributes.

Thus Ciskei pupils want to have teachers in their classrooms who

teach well. They are hungry for knowledge (especially of science),

and are prepared to put up with a range of personalities and disci-

plinary measures, provided the teacher "teaches" them.

5. Teacher attitudes to science and science classes

An early report (Macdonald (1979d)) considered teacher attitudes

to science and science classes. It was found that Ciskei teachers

viewed science as something fairly static and powerful, and seldom to

be doubted. Science was more a matter of facts than processes, and

although it was considered relevant for a number of occupations (e.g.,

medicine, agriculture and industry), little intrinsic value was at-

tribued to the study of it.

Teachers wanted apparatus (Rogan (1977)), and wanted to have

fairly open classrooms with some pupil activity. This was not always
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reflected in practice for a variety of reasons, mainly time and fi-

nancial constraints, and inadequate education and training. An in-

terest in science, rather than training or experience, was deemed by

teachers to be the most important characteristic of an effective

science teacher. Because of limited experience with practical work,

teachers lacked confidence in this sphere.

Thus the Project was to train teachers who thought of science as

an all-powerful, awesome but necessary discipline, who were relatively

inexperienced and who lacked both ability and confidence in organizing

and performing practical work.

6. Teacher reaction to the Science Education Project

The last report to be written on the Project's activities in the

Ciskei reviewed the reaction of teachers to the Project (Macdonald

and Gilmour (1980)). It was found that reaction to the Project de-

pended on the stage the innovation had reached; the extent to which

the Project affected or involved participants; a variety of personal,

organizational and professional factors; and most importantly, con-

textual factors. The latter included the influence of the education

and training of the teachers on Project plans and teacher reactions;

the relatively short supply of science teachers and the consequent

inexperience of teachers employed to teach science; and the conflict

which sometimes appeared between Project philosophy and existing

norms.

The teacher's reaction to the Project was considered in his

capacity as an employee, as a subject-specialist, in the classroom

and as a professional. Although these roles were considered sepa-

rately, they are not independent of each other. For example, growth

as a subject-specialist (e.g., through inservice courses) can enhance

the professional image of the teacher, improve his performance in the

classroom, and secure his position in the school system. Relating

this to Fullan and Pomfret's (1977) factors affecting curriculum
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change (see Chapter II, part A), it is thus not a simple matter to

isolate inservice training and new materials as factors independent

of other factors affecting change. Hence, any discussion based on

the assumption that the key factors in bringing about a change in

teaching style are inservice training and new materials must recog-

nize the relationship of both the factors and the change to other

aspects, such as pupil attitudes and achievement in the science class,

teacher attitudes to science, the innovation itself, and the existing

school system.

F. SUMMARY

The basis of the experimental design is the post-test only con-

trol group design. The trial group consisted of nine teachers who

joined the Project in 1979 and attended both the introductory orien-

tation course and the content courses. The control group also con-

sisted of nine teachers. All teachers taught in schools near Alice

in the Ciskei. The teachers were generally young, generally male

and had some professional training and teaching experience, though

not always in science.

Two instruments were used to gather data, STOS and TPA. The

Science Teaching Observation Schedule is a systematic observation in-

strument, with five facets covering teacher-pupil, pupil-pupil and

pupil-resource interactions. It focuses on cognitive interactions

and is a sign system, with time-units of one minute. The Teacher

Profile Form A was developed by Project staff after a year of observ-

ing Project classes, and was used to note other features of lessons,

such as classroom atmosphere and the quality (not the frequency) of

interactions. The Mann-Whitney U test and cluster analysis were used

to analyse STOS results. The trial group was observed 27 times, and

the control group 26 times.

Other sources of data for this study are the results of other

Project evaluation studies, including those on examination perfor-

mance, reasoning ability, pupil attitudes and teacher attitudes.
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V. RESULTS

In the first part of this chapter, the results obtained from the

use of STOS and TPA are presented. Then, the main features of the

results are discussed, with particular attention to questioning, fac-

tual statements, pupil activity, classroom management and classroom

atmosphere.

A. PRESENTATION OF RESULTS

1, STOS results

A copy of STOS has been included as Appendix II. In order, how-

ever, to make discussion in this chapter easier, all the STOS cate-

gories are given in Table 6. The frequency of use of each category

by each teacher has been measured and is shown in Tables 7, 8 and 9.

All teachers marked P form part of the trial (Project) group, while

those marked C form part of the control group. Observations on these

groups were carried out during August-September 1979.

Prior to the main study, in September 1978, some of the teachers

whom it was thought would form the trial group were observed. Al-

though no statistical comparisons between these and the above obser-

vations have been made, they are included in Tables 7, 8 and 9 in

order to aid explanations later on. The group is labelled F (future

Project), and the numbers correspond with the P group (teacher Fl and

P1 are the same). One teacher (F0) in the future Project group did

not attend the introductory orientation course as a result of ill-

health and was thus excluded from the trial group.

For each category, the frequencies were ranked from most often

used to least often used for the trial (P) and control (C) groups

combined, and the Mann-Whitney U test was used to compare the groups.

Although the F group was excluded from this analysis, the mean fre-

quency of use by the F group is included in Table 10, which gives the
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mean frequency of use, the sum of ranks and the result of the Mann-

Whitney U test for the P and C groups. The difference in ranks be-

tween the P and C groups was tested according to tables in McCall

(1970).

Table 6 - Categories in the Science Teaching Observation Schedule

QUESTIONING:

la Teacher asks questions or invites comments which are answered by:

a1 Recalling facts and principles
a
2

1 Applying facts and principles to problem solving
a3 Making hypothesis or speculation
a4 Designing experimental procedure
a
4

Direct observation
a6 Interpretation of observed or recorded data
a
7

6 Making inferences from observations or data

STATEMENTS AND DIRECTIVES:

lb Teacher makes statements:

b Of fact and principle
b2 problems
b3 Of hypothesis or speculation
b
4

3
Of experimental procedure

lc Teacher directs pupils to sources of information for the purpose

of:

c1 Acquiring or confirming facts or principles

c2 Identifying or solving problems
c3 Making inferences, formulating or testing hypotheses

c
4

3 Seeking guidance on experimental procedure

PUPIL ACTIVITY:

2d Pupils seek information or consult for the purpose of:

d Acquiring or confirming facts or principles
d2 or solving problems
d
2 Making inferences, formulating or testing hypotheses

d
3

4
Seeking guidance on experimental procedure

2e Pupils refer to the teacher for the purpose of:

e
1

Acquiring or confirming facts or principles
e Seeking guidance when identifying or solving problems
e
2

3
Seeking guidance when making inferences, formulating or testing

hypotheses
e
4

Seeking guidance on experimental procedure
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Table 7 - Frequency of use of each STOS questioning category by each
teacher. The number of minutes in-which the category is
used is given as a percentage of the total time observed*.
(P = trial group, C = control group and F = trial group
before Project)

Category al

Teacher

P1
P2

P3

P4

P5
P6

P7
P8

P9

Cl

C2

C3

C4

C5

C6

C7

C8

C9

Fl

F2
F4

F5
F6

F9
FO

a
3

a
4

Total time
observed
(Minutes)

21.5 2.5 0.0 2.5 8.9 2.5 0.0 79

4.7 1.9 1.9 0.0 7.5 3.7 0.0 107
11.7 5.3 1.0 0.0 8.5 2.1 2.1 94

17.3 10.0 1.0 2.7 28.1 8.2 5.5 110
9.2 3.5 0.9 5.7 14.2 7.8 2.1 141

19.6 4.3 1.4 0.0 11.9 2.2 0.0 92

20.4 1.9 4.3 2.3 12.0 0.9 0.0 108
8.3 0.9 0.0 0.0 2.8 0.0 0.0 109
9.0 2.0 2.0 1.0 4.0 1.0 0.0 100

11.5 25.0 0.0 0.0 0.0 0.0 0.0 96

18.3 1.2 0.0 0.0 0.0 0.0 0.0 82

33.3 0.0 0.0 0.0 0.0 0.0 0.0 99

31.0 0.0 0.0 0.0 1.0 0.0 0.0 100
45.1 0.0 0.0 0.0 2.4 0.0 0.0 85

31.3 0.0 0.0 0.0 4.2 0.0 0.0 48

16.8 5.6 0.0 0.0 0.0 0.0 0.0 107

35.0 0.8 0.0 4.1 0.8 0.0 0.0 123

30.5 1.2 0.0 0.0 0.0 0.0 0.0 82

19.0 0.0 0.0 0.0 19.0 10.0 0.0 31

45.0 8.0 0.0 0.0 0.0 0.0 0.0 38

29.0 0.0 0.0 22.0 15.0 0.0 0.0 27

33.0 5.0 0.0 5.0 0.0 0.0 0.0 21

35.0 4.0 0.0 0.0 0.0 0.0 0.0 26

44.0 0.0 0.0 0.0 0.0 0.0 0.0 27

23.0 6.0 0.0 3.2 10.0 0.0 0.0 31

Note that the percentages do not sum to 100% as more than
one category can be used in each minute (see Tables 8 and
9 as well).
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Table 8 - Frequency of use of each STOS statement and directive cate-
gory by each teaCher. The number of minutes it which the
category is used is given as a percentage of the total time
observed*. For time observed, see Table 7.

Category

Teacher

P1
P2

P3
P4

P5
P6
P7

P8
P9

Cl
C2

C3

C4

C5

C6

C7

C8

C9

Fl
F2

F4

F5

F6

F9
FO

b
4

Cl c
2

c3
c4

75.9 5.1 0.0 10.1 5.1 0.0 0.0 0.0

27.1 2.8 0.0 18.7 18.7 3.7 0.0 5.6

47.9 4.3 0.0 29.8 4.3 0.0 0.0 6.4

26.4 3.6 0.0 15.5 13.6 0.9 0.0 4.5

27.7 2.1 0.0 32.6 6.4 0.7 0.0 2.8

72.8 0.0 0.0 17.4 25.0 0.0 0.0 1.1
26.8 1.9 0.0 24.0 13.5 5.6 0.0 1.9

24.8 3.7 0.0 20.2 11.9 0.0 1.8 0.9

42.0 5.0 0.0 20.0 5.0 0.0 0.0 4.0

50.0 9.4 0.0 8.3 7.3 0.0 0.0 0.0

74.4 0.0 0.0 1.2 4.9 0.0 0.0 0.0

68.7 0.0 0.0 21.2 0.0 0.0 0.0 0.0

86.0 0.0 0.0 0.0 11.0 0.0 0.0 0.0

100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

95.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

93.5 2.8 0.0 0.9 30.0 0.9 0.0 0.0

73.1 0.8 0.0 13.8 14.6 0.0 0.0 0.0

74.4 0.0 0.0 7.3 19.5 0.0 0.0 0.0

32.0 6.0 0.0 42.0 16.0 6.0 0.0 0.0

68.0 0.0 0.0 21.0 5.0 0.0 0.0 0.0

48.0 7.4 0.0 30.0 26.0 0.0 0.0 0.0

100.0 5.0 0.0 5.0 19.0 0.0 0.0 0.0

96.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

85.0 0.0 0.0 0.0 3.7 0.0 0.0 0.0

94.0 3.2 0.0 16.0 3.2 0.0 0.0 0.0

Note that the percentages do not sum to 100% as more than
one category can be used in each minute (see Tables 7 and
9 as well).
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Table 9 - Frequency of use of each STOS pupil activity category for
each teacher. The number Of minutes:in which the category
is used is given as a percentage of the total time observed*.
For time observed, see Table 7.

Category d
1

d
2

d
3

Teacher

P1
P2

P3
P4
P5
P6
P7

P8

P9

Cl
C2

C3

C4

C5

C6

C7

C8
C9

Fl

F2

F4
F5

F6
F9

FO

e
3 e4

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

30.8 7.5 1.9 25.2 2.8 0.0 0.0 0.0

6.4 0.0 0.0 40.4 0.0 0.0 0.0 0.0

7.3 10.0 0.0 24.5 0.9 0.0 0.0 0.0

29.7 22.7 0.0 35.5 0.0 0.0 0.0 0.0

0.0 0.0 0.0 4.3 0.0 0.0 0.0 0.0

3.7 16.7 0.0 0.0 19.0 0.0 0.0 0.0

35.8 0.0 3.7 20.2 2.8 0.0 0.0 0.0

26.0 8.0 0.0 23.0 0.0 0.0 0.0 2.0

0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 4.2 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0

2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 7.4 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Note that the percentages do not sum to 100% as more than
one category can be used in each minute (see Tables 7 and
8 as well).
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Table 10 - Mean frequency of use of STOS categories-by the pre-Project,
trial and control groups, and the sum of the ranks for the
trial and control 'groups. The trial and control groups were
tested for differences of use of each category with the
Mann-Whitney U test. All categories marked with an asterisk
(*) were significantly different at the 0.05 level.

Group

Category

al

a2

:3
a4
5

a6
a
7

b
1

b
2

b
3

4

c
2

c3

c4

d
1

2
d
3

d
4

e
1
9

e3

e4

Pre-project Trial Control

Difference be-
tween trial and
control groups
on sum of ranks
(0.05 level)

Freq. %

(n = 7)

Freq. % Sum
of

ranks

(n = 9)

Freq. % Sum
of

ranks

(n = 9)

32.8 13.1 57.0 27.7 114.0 *

3.5 3.6 107.0 4.0 64.0 *

0.0 1.3 112.5 0.0 58.5 *

4.0 1.8 102.0 0.6 69.0 _

6.5 11.2 124.0 0.7 47.0 *

1.5 3.4 121.5 0.0 49.5
0.0 1.2 99.0 0.0 72.0 -

76.1 39.0 52.0 78.5 119.0
3.0 3.1 109.5 1.6 61.5

0.0 0.0 85.5 0.0 85.5 -

17.4 21.6 119.0 6.6 52.0 *

10.0 11.4 93.0 10.7 78.0

1.0 1.3 100.0 0.1 71.0 -

0.0 0.2 90.0 0.0 81.0 -

0.0 3.1 121.5 0.0 49.5 *

5.5 16.8 117.0 0.0 54.0 *

0.0 8.2 108.0 0.0 63.0 *

0.0 0.6 94.5 0.0 76.5 -

0.0 20.4 117.0 0.0 54.0 *

1.5 0.9 89.0 0.7 82.0 -

0.0 0.0 81.0 0.1 90.0 -

0.0 0.0 85.5 0.0 85.5 -

0.0 0.2 90.0 0.0 81.0 -
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The ratio of teacher-dominated to pupil-initiated or maintained

transactions is shown in Table 11. The ratio indicates the percent-

age of time that the teachers spend instructing, directing or ques-

tioning the class. The lower the ratio, the more pupil activity oc-

curs. Trial teachers were observed for 940 minutes and control teach-

ers for 822 minutes. Thus the control results have been scaled by a

factor of 1.14 (i.e., 940/822) in order to facilitate direct compari-

son between the groups. In that more than one category of transaction

may be recorded in one minute, the number of transactions is higher

than the number of minutes observed. Results for the future Project

group have also been calculated, but in that total time observed was

201 minutes, the scaling factor is 4.68 (i.e., 940/201).

Table 11 - Number of teacher-dominated and pupil-initiated or main-
tained transactions for pre - Project, trial and control
groups. (All results are scaled to the total time trial
teachers were observed, i.e., 940 minutes).

Teacher-dominated (TD)

Future F Trial P Control C
"Number" Number "Number"

la Teacher asks questions 454 334 311

lb Teacher makes statements 908 599 814

lc Teacher directs pupils to
sources of information

103 150 102

TD TOTAL 1465 1083 1277

Pupil-initiated or maintained (PI)

2d Pupils seek information or
consult

51 433

2e Pupils refer to teacher 13 10 8

PI TOTAL 64 443 8

TD
100 95.8% 71.0% 99.4%Ratio =

TD 4.
x RATIO

PI
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Cluster analysis was carried out on the results obtained for the

trial and control group with STOS, according to the procedure outlined

in Chapter IV, part C. The results of the cluster analysis are shown

in Figure 5, and the mean frequency of use of each category by the

two clusters formed from the data is given in Table 12.

Figure 5 - Dendogram of clusters formed by trial
and control group teachers
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Table 12 - Mean frequency of use of each STOS category by cluster I

and cluster II in Figure 5. The number of minutes in which

the category is used is given as a percentage of the total
time observed.

Cluster

Category

al

a2
a
3

`14

a
5

a6
a
7

bl

b
2

b
3

b
4

c
1

c
2

c
3

c
4

d
1

d
3

d
4

e
1

e
2

e
3

e4

Cluster I
Freq. (%)

Cluster II
Freq. (%)

11.5 26.5

3.7 3.7

1.6 1.1

1.7 0.1

11.0 2.7

3.3 0.5

1.4 0.0

31.8 78.6

3.4 1.7

0.0 0.0

22.9 7.4

13.8 11,2

1.6 0.1

0.3 0.0

3.7 0.1

19.9 0.0

9.3 0.0

0.8 0.0

24.1 0.5

1.2 0.1

0.0 0.1

0.0 0.0

0.3 0.0
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2. Teacher Profile Form A results

A copy of TPA is provided in Appendix III. In order to make dis-

cussion easier, results will not be presented in the order in which

the questions appear, but are grouped into the following areas:

Questioning (Table 13)

Statements and directives (Table 14)

Pupil activity (Table 15)

Classroom management (Table 16)

Classroom atmosphere (Table 17)

SEP goals (Table 18)

Note that the first three areas correspond to those measured by STOS

as well.

In order to save space, results will be reported as follows:

TPA question

Xxxx a/b Where Xxxx is a response category

a is the trial group total

b is the control group total,

where applicable

Comment, if any.

In all 52 TPA's were completed, 26 in trial and 26 in control classes.

Thus the maximum for a/b is 26/26.

Teachers were also asked to respond to Form B of the Teacher Pro-

file, but a full sample was not obtained. The responses that were

obtained have been summarized in Appendix IV.
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Table 13 - TPA observations on questioning

Bl Did questions initiate the use of processes? Which processes?

YES 17/5 NO 8/20 SOMEWHAT 1/1

OBSERVING 17/3 MEASURING 4/0 HYPOTHESIZING 4/2

CLASSIFYING 0/1 VERIFYING 1/0

Only two teachers encouraged the use of processes in all the

lessons we watched by them. On the whole though trial perfor-

mance was satisfactory. Feedback frm teachers indicated that
although they were using process questions, they did not really

realize it. Most of the control totals came from one teacher
only (teacher Cl in STOS).

B2 Did questions help to pose problems?

YES 10/4 NO 14/18 SOMEWHAT 2/4

Many of these questions were drawn from the worksheets or

teacher's guides, indicating that some of the teachers used
the materials carefully.

B3 Did questions help develop important concepts?

YES 9/5 NO 12/18 SOMEWHAT 5/3

Trial performance is not encouraging. Some teachers seem to

lose sight of the main concepts in a lesson when they have to

organize practical work.

B4 Did questions help to lead to feedback on pupil understanding?

YES 9/12 NO 14/11 SOMEWHAT 3/3

See comment for B3 above. Control teachers punctuate their

lessons with recall-type feedback questions - see STOS,
category a

l'

G1 How many pupils responded to questions?

MOST 10/6 SOME 9/8 FEW 6/10

CHORUS RESPONSE 3/1 NO QUESTIONS ASKED 0/1

Most responses were correct. Either teachers only called on

good pupils or they did not reply unless they knew the answer.

Table 13 continued overleaf...
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Table 13 continued:

G2 Were questions followed by repetition or elaboration?
Did they require knowledge or hypothesizing?

REPETITION 16/20 ELABORATION 5/0 BOTH 1/2 NEITHER 5/4

KNOWLEDGE 17/24 HYPOTHESIZING 1/2 BOTH 6/0

Teachers mainly ask factual questions and then repeat the
answers. See STOS.

G3 Was there a reasonable wait-time for a response?

YES 23/24 NO 3/2

Were responses followed by supportive remarks?

SOMETIMES 7/6 NO 19/20
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Table 14 - TPA observations on teacher statements and directives

B5 Was the language clear in the explanations?

YES 19/16 NO 0/5 SOMEWHAT 3/5

MAINLY IN XHOSA 2/0 LESSON HAD NO EXPLANATIONS 2/0

Control misused terms when they did not understand what they
were talking about. The superior grasp of content by trial
teachers was evident.

B6 Which language, Xhosa or English, was used during explanations?

90-100% ENGLISH 15/16 70-80% ENGLISH 6/4

50-60% ENGLISH 1/5 LESS THAN 50% ENGLISH 4/1

There is nothing to choose between trial and control groups,
except to note that the more practical work being done, the
more Xhosa is spoken.

B7 Were suitable examples used?

YES 5/14 NO 6/10 NOT NEEDED 14/2

See comment for B5.

Cl To what extent were the scheme of work and lesson plan being
followed?

CLOSELY 13 FAIRLY CLOSELY 10 NOT AT ALL 3

Modifications were of a minor nature, the most common being
that lessons took longer than planned.

C2 Was the key concept evident in the lesson?

YES 15 NO 4 SOMEWHAT 6 CAN'T TELL 1

See comment for B3. Evidence of key concepts may have been by
luck rather than design.

C3 Were the key questions used?

YES 15 NO 8 CAN'T TELL 3

See comment for B2 in Table 13.

Table 14 continued overleaf...
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Table 14 continued:

C4 Were the objectives achieved?

YES 11 NO 7 SOMEWHAT 3 CAN'T TELL 5

Was there any attempt to assess this?

YES 8 NO 11 SOMEWHAT 1 CAN'T TELL 6

It is doubtful that teachers consciously monitored the
achievement of objectives. See also B4 in Table 13.

C5 How was the textbook used in the classroom?

NOT AT ALL 22/5 REFERENCE 1/11 HOMEWORK 2/0

GROUP READING 1/0

Decreased dependence of trial classrooms on the textbook was
clear.

C6 What written work was required from pupils?

NONE 10/15 NOTES 2/10 WORKSHEETS 14/- PROBLEMS 0/1

Decreased use of formal notes was evident. In most trial
classes, worksheet answers were written by pupils themselves
and not dictated by the teacher. This was not classed as
notes.

D1
*

Was the problem or key idea behind the demonstration clearly

stated?

YES 8/1 NO 1/2 SOMEWHAT 1/0

D2 Was the teacher at ease with the apparatus?

YES 8/3 NO 1/0 SOMEWHAT 1/0

D3 Was the demonstration visible to all students?

ALL 4/2 NEAREST ONLY 6/1

Admittedly in a class of 50 students it may be difficult for
teachers to do this, but some made little effort to do so,
despite an emphasis on it at the orientation course.

Table 14 continued overleaf.
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Table 14 continued:

D4 Was there any planned pupil participation?

YES 6/0 NO 4/2 SOMEWHAT 0/1

Participation took the form of physical manipulation of
apparatus or simply fetching it. Teachers seemed reluctant
to relinquish control.

Ten Project classes and three control classes were given demon-
strations. Two of the Project lessons should have been worksheet
lessons. Control classes suffered from a lack of apparatus.
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Table 15 - TPA observations on pupil activity

1 Was the worksheet
*
problem clearly stated before the lesson?

YES 12 NO 3

Was there any discussion of the problem?

YES 6 NO 9

Project staff hoped that discussion of the problem would take
a larger part of the lesson than teachers usually allowed.
Teachers seemed wary of discussions, preferring to go straight
into the worksheet.

E2 How many pupils completed the worksheet in the time available?

ALL 11 SOME 3 NONE 1

E3 Could pupils follow the worksheet instructions?

YES 8 NO 1 SOMEWHAT 4 CAN'T TELL 2

Pupils made extensive use of the diagrams in following the pro-
cedure. Difficulties were encountered with some questions.

E4 If pupils needed information, where did they obtain it?

WORKSHEETS 9 EACH OTHER 10 TEACHER

In some lessons, more than one source of information was used.
Pupils were very reluctant to ask the teacher. See also STOS,

categories e
1

- e4.

E5 How were the results of the worksheet discussed at the end of
the lesson?

CAREFULLY 5 BRIEFLY 3 NOT AT ALL 7

DISCUSSED DURING LESSON AS WELL 2

Teachers failed to discuss results because of lack of time.
Some intended to do the discussion in the afternoon or at the
beginning of the next lesson.

Table 15 continued overleaf...
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Table 15 continued:

Fl Did group members cooperate and participate in the activity?

YES 10 NO 2 SOMEWHAT 1 TEACHER-PACED 2

In classes where groups had been selected by the teacher
according to ability, the weaker groups lacked direction and
few pupils looked active.

F2 Did pupils enjoy using the kits?

YES 11 NO 1 SOMEWHAT 3

Enjoyment was dampened when groups were too large and some
pupils became bored. In one class where the teacher provided
the worksheet answers by dictating them, pupils seemed reluc-
tant to try the activity for themselves.

Worksheets were more or less as intended in 15 lessons; in another
five the teacher demonstrated it first and these are included in
Table 14, Dl - D4.
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Table 16 - TPA observations on classroom management

F2 Was the work area satisfactory?

YES 13 NO 1 SOMEWHAT 1

Some groups were too large and pupils were crowded. This

occurred when there was a shortage of apparatus, e.g.,only ten
torch cells available for a class of 50. Teacher was then
forced to use fewer groups. In such conditions group work is
of doubtful value; a clear demonstration would be better.

F3 Were the kits smoothly dispensed?

YES 13 NO 2

Were the kit parts packed and/or checked?

YES 8 NO 3 NOT NECESSARY 2

Teachers manage practical work quite well. Kits not checked
or packed properly because of shortage of time.

Il How were management instructions given and carried out?

NONE 12/21 CLEARLY 6/13 QUIETLY 8/2
SLOWLY 2/2 QUICKLY 12/4 NOT APPLICABLE 12/21

Pupils are well drilled and respond quickly to their teacher,
with the exception of one control class where response varied
from corner to corner.

12 How often were disciplinary remarks made?

NONE 22/21 SOMETIMES 1/1 BARELY NOTICEABLE 3/4

See comment for Il.
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Table 17 - TPA observations on classroom atmosphere

H1 Was the teacher interested in the topic?

YES 18/8 NO 1/6 SOMEWHAT 3/9 HARD TO TELL 4/3

Were the pupils interested?

YES 17/6 NO 1/5 SOMEWHAT 5/11 HARD TO TELL 3/4

Level of interest as good as expected in trial classes. Pupils
in control classes usually seemed quite inattentive, even
sleepy.

H2 Was the teacher confident with the lesson content?

YES 20/21 NO 4/3 SOMEWHAT 2/2

Was the teacher confident with the practical work?

YES 14/3 NO 3/1 SOMEWHAT 4/0 NOT APPLICABLE 3/22

Was the teacher's grasp of content satisfactory?

YES 17/19 NO 7/6 SOMEWHAT 1/1 HARD TO TELL 1/0

Was the level of presentation suitable for pupils?

YES 22/21 NO 3/5 HARD TO TELL 1/0

There was little difference between trial and control classes.
Observers felt that teachers did not make lessons challenging
enough for pupils.

H3 Did the pupils seem confident with the lesson content?

YES 19/13 NO 3/4 SOMEWHAT 2/0 HARD TO TELL 2/9

Control classes were so dull that it was difficult to say
whether pupils were actually grasping the content or were
simply day-dreaming.

13 What encouragement does the teacher give to individuals or
groups?

NONE 15/19 SOME 9/7 HARD TO TELL 2/0

Teachers seldom praised pupils for work well done or for good
attempts at questions.

Table 17 continued overleaf...



Table 17 continued:

14

112

Describe the general rapport in the classroom

FORMAL 11/24 INFORMAL 15/2

CONDUCIVE TO LEARNING 17/7 SOMEWHAT CONDUCIVE TO LEARNING 5/12
INEFFECTIVE FOR LEARNING 4/7

The breakdown of lessons can be taken further as follows:

LESSON TYPE

FORMAL

INFORMAL

LEARNING

CONDUCIVE SOMEWHAT INEFFECTIVE

7/5 2/12 2/7

10/2 3/0 2/0
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Table 18 - TPA observations on Project educational goals in the
classroom

Al Was language development encouraged in anyway?

YES 4/2 NO 17/22 SOMEWHAT 5/2

Encouragement took the form of correcting grammar, insisting
that pupils spoke in full sentences and providing an explan-
ation, either in Xhosa or English, of the meanings of difficult
words. Some teachers spoke poor English themselves and often
mispronounced words. See also Appendix IV, Al.

A2 Was the development of initiative encouraged in any way?

YES 3/0 NO 18/22 SOMEWHAT 5/1

Observers did not consider that teacher-paced performance of a
worksheet encouraged initiative. Pupils were seldom required
to do anything all on their own. See also Appendix IV, A2.

A3 Was the development of reasoning encouraged in any way?

YES 5/2 NO 15/23 SOMEWHAT 6/1

Teachers did not actively encourage reasoning. The few who did

try asked good questions, or left pupils with a problem to
solve. Some reasoning did occur as pupils answered worksheet
questions. See also Appendix IV, A3.

B. ANALYSIS OF RESULTS

1. Overall results

The null hypothesis (see p. 2) stated that there would be no dif-

ference between the teaching styles of the trial and control groups.

If the STOS results are taken as a measure of teaching style, then

the null hypothesis can be rejected. From Table 10 it can be seen

that a number of differences between the groups exist. The control

group is more likely to use categories a
1
and b1 (recall questions
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and factual statements) than the trial group. Conversely, the trial

group is more likely to use categories a2, a3, a
5
and a

6
(problem and

data-based questions); categories b
2

and b
4

(problem and procedural

statements); category c4 (directions to experiments); and categories

d
1,

d
2

and d
4

(information-gathering, problem-solving and procedural

pupil activity).

The use of the Mann-Whitney U test to measure the above differ-

ences assumed the existence of two independent groups. In order to

check that such an assumption is indeed valid, the cluster analysis

technique can be used. This showed that there were indeed two

"groups" of teachers (Figure 5). Cluster I consisted of seven of the

nine trial teachers, while Cluster II consisted of all control teach-

ers plus two trial teachers. Despite the Project training and mater-

ials, teacher P6 retained a teaching style very similar to that of

control teachers, mainly because of a total lack of self-confidence

and poor understanding of the subject-matter. The shortcomings of

the observation schedule method when applied to individual teachers

is glaringly evident in the case of teacher P1. She was highly re-

garded by all Project staff and was frequently our choice when taking

visitors to see the Project in action. One observer noted that her

STOS observation of P1 seemed to be of an atypical lesson for Pl.

When the frequencies for P1 during the main set of observations are

compared with those prior to using Project materials (F1), it appears

as if she used more "Project" techniques before the advent of the

Project than after she had received the materials and training.

Bearing the above in mind, it is possible to say that two groups

with distinctive styles of teaching (according to STOS) do exist

(Figure 5, Table 12). Note particularly categories al, a5, bl, b4,

d
1,

d
2

and d
4.

Furthermore if the frequency of use of each category

by Cluster I (Table 12) is compared with trial group P (Table 10,

second column) the patterns are similar. Also, if the frequency of

use of each category by Cluster II (Table 12) is compared with the

control group C (and also the pre-Project group F) (Table 10), the
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pattern of use by each is similar.

The Project team hoped that teachers would allow pupils to en-

gage in practical activity on their own. That this hope materialized

is evident from the results in Table 11, which show that pupil activ-

ity increased (i.e., teacher-domination decreased) on provision of

materials and training. The percentage ratio of teacher-dominated to

pupil-initiated or maintained transactions was found to be 71.0% in

trial classrooms. This can be compared with the value of 95.8% in

pre-Project classrooms, and 99.4% in control classrooms. Evans

(1969), in American biology classrooms and using a different obser-

vation instrument, found this ratio to be 94.6%, while Eggleston et

al. (1976), using STOS, found it to be about 70% in British science

classrooms.

In order to have a closer look at the teaching styles used by

the trial and control groups, the results will be considered in more

detail now and in the same order as the TPA results were presented.

2. Questioning

The results of the STOS categories on questioning can be con-

veniently represented by a Venn diagram (Figure 6).

Figure 6 - Distribution of the use of STOS questioning
categories by trial and control teachers.

Control/ N, Trial

/ (a )* a2 (a3) \

al (a7) La, (a6)

Parentheses indicate categories which are seldom or
never used.
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Although control teachers are more likely to use a
1

(recall ques-

tions), both trial and control teachers use the category very fre-

quently (13.1% and 27.7% respectively). TPA results indicate that

questions often do not ascertain how much pupils understand (Table

13, B4). Teachers do not use questions in order to develop concepts

(Table 13, B3 and G2).

Although trial teachers are more likely to ask problem or spec-

ulation questions (a2, a3), they are still not likely to use them very

much. (Although the frequency of use of a2 by control teachers seems

higher, most of the 4% comes from teacher Cl (see Table 7)). Ques-

tions based on direct observations or their interpretation are used

more frequently than the problem or speculation questions, and for

trial teachers nearly as many observation as recall questions are

asked. The problem questions are drawn mainly from the worksheets or

teacher's guides (Table 13, B2), but it seems as if the observation

questions are sometimes inadvertently used (Table 13, B1). Examples

provided by teachers when asked about process questions are "What is

science?", "When something hits a barrier and bounces back, it is

called 7" or "Do you think CuSO4 gains or loses mass on heating?"

(taken from responses to Teacher Profile Form B; see Appendix IV, B1).

Teachers use a reasonable wait-time after asking questions, but

clearly have little perception of its actual length (Appendix IV, B6).

Four of the trial teachers feel that they wait two to three minutes

for an answer, but this is never observed.

Not only are there nodifferences between the groups on the use

of a
4
and a7, but these categories are barely used, like a

3
(Table

10). This means that in trial classes the only types of questions

which are used to any degree are recall questions and those based on

observation. With no practical work occurring in control classes,

the only questions used are of the recall type.
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3. Teacher statements and directives

The distribution of teacher statement and directive categories

is shown in Figure 7.

The control group is characterized by excessive use of factual

statements (b
1,

78.5%). Sometimes these factual statements are actu-

ally wrong; trial teachers have a better grasp of the content, prob-

ably because of content instruction received during inservice train-

ing (Table 14, 35). Control teachers rely on notes and board dia-

grams for much of their teaching (b1, cl; also Table 14, C5 and C6).

Note that the lack of statistical significance for differences in the

use of c
1

(see Table 10) is misleading. For control classes, the

"source of information" is usually a board diagram, while for trial

classes it is usually a demonstration. The category does not allow

for such differences in presentation, even though it makes a real

difference in class. However, although the trial teachers use de-

monstrations, they do not always use them effectively with pupils

seated too far away or inadequate preparation.

Figure 7 - Distribution of the use of STOS statement
and directive categories by trial and con-
trol teachers.

Parentheses indicate categories which are seldom or
never used.
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Differences in b, and b
4
appear mainly because of the presence of

worksheets and kits in the classroom, which then leads the teacher to

pose problems and talk about experimental procedure. The relatively

frequent use of b
4
by control teachers is misleading; most of the con-

tribution comes from two teachers (Table 8, C3 and C8). Also, note

that even though trial teachers talk less than control teachers, they

still talk a great deal of the time (Table 10, b1 - b4).

Most observations recorded in c
4

occur when trial teachers direct

pupils to start using their worksheets. Textbooks are seldom used in

trial classes (though they may be used for homework), and pupils in

trial classes are seldom required to make notes (Table 14, C5 and C6).

In short, both classes are characterized by teacher talk, con-

trol classes more so. Whereas control teacher talk consists mainly of

factual statements, pupils in trial classes hear a wider variety of

teacher talk, especially with reference to experiments. Trial and

control teachers seldom use b2, and neither group used b3. Only one

teacher used c
3.

This absence of statements or sources of informa-

tion provoking hypothesizing will be referred to again.

4. Pupil activity

The distribution of category use regarding pupil activity is

shown in Figure 8.

Figure 8 - Distribution of the use of STOS pupil activity cate-
gories by trial and control classes.

Parentheses indicate categories which are seldom or never used.
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The obvious difference between the two groups is that pupil ac-

tivity does occur in trial classes, while it does not occur at all in

control classes (Table 9, Table 10, Table 11). The most glaring sim-

ilarity is that categories el to e4 (pupil referrals to teacher) sel-

dom or never occur in either trial or control classes. The use of

the materials and the inservice training bring about no change in

this aspect of science lessons. It is however a bit misleading to

say that pupils never ask the teacher questions. During practical

work in trial classes, a lot of non-verbal interaction occurs (with

a child looking worriedly at a teacher, and the latter correcting the

circuit board, adjusting test tubes, pointing out a spot in the work-

sheet or responding in some other way). It is true that in the nor-

mal confines of the Ciskei science classes, few pupil questions are

asked about information or sources of misunderstanding. It is not

true to say that pupils never ask questions or more generally never

seek help from the teacher.

Pupils seem to enjoy their practical work and do not have great

difficulty carrying out activities. Generally they work well to-

gether, except for occasions where the groups are too large (Table

15; E2, E3, Fl, F4). This usually occurs when insufficient apparatus

is available. Sometimes the practical work takes longer than intend-

ed (Table 15, E5).

In summary, pupil activity takes the form of working in groups

on worksheet activities, with pupils either consulting each other or

their books but very seldom the teacher. Roughly equal times are

spent answering worksheet questions, or using the worksheets to help

with procedure.

5. Classroom management

Much of the success of a science lesson depends on how well or-

ganized the teacher is before and during the lesson. Most trial

teachers had little or no experience with practical work prior to
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joining the Project. A good deal of time at the introductory orien-

tation course was spent on the organizing of practical work, and at

each of the content courses, the advance preparation necessary for

demonstrations and worksheets was pointed out. These were also noted

in the teacher's guides and teacher's editions of the worksheets.

In that the above-mentioned features only arise if there is ap-

paratus available, comparisons between trial and control classes are

meaningless. Trial teachers seem to cope with advance preparation,

but sometimes have difficulty organizing the classroom for practical

work (Table 16, F2). It is well to keep in mind that six of the nine

trial teachers observed had to teach science in ordinary classrooms,

necessitating a re-arrangement of desks. A seventh teacher sometimes

was able to use the school science laboratory, but even this was too

small to accomodate all 50 or more pupils comfortably.

Discipline in Ciskei schools is overt and strict. Pupils in

junior secondary school have had seven or eight years of rigid drill-

ing and corporal punishment. Thus management problems arising from

unruly pupils seldom arise. Pupils are punctual for classes involving

practical work, and quickly learn to re-arrange desks, fetch the kits

and if necessary, fetch water.

6. Classroom atmosphere

The overwhelming feeling experienced by observers in control

classes was one of boredom. Only two of the nine teachers excited

interest with well-prepared, interesting, informative lessons (teach-

ers Cl and C8) despite an absence of apparatus. Two more held the

pupils' attention by very noisy deliveries, but a couple were so bor-

ing that observers nearly fell asleep (especially C5, who used cate-

gory bl monotonically 100% of the time!). Control teachers seem to

lack interest in what they were teaching (Table 17, Hl). By contrast,

trial classes usually have interested teachers and pupils, who enjoy

the lesson (Table 15, Fl, F4; Table 17, H1).
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There is not much difference however between trial and control

classes in the grasp of content or level of presentation (Table 17,

H2). Slightly different standards were applied to the two groups

however. In trial classes we were looking for an adequate grasp of

practical work and use of results, while in control groups we were

simply looking for clear, logical presentation of facts.

We also considered whether the lesson "seemed" to be "conductive

to learning." Such inferences are highly subjective, but an attempt

to make such an inference can give insight into the quality of les-

sons (Table 17, 14). "Informal lesson" means that both teachers and

pupils play an active, thinking part in the lesson. "Formal lesson"

means that the whole lesson is dominated by the teacher; usually this

means that the teacher does all the talking. Informal lessons are

not necessarily equated with being effective for learning, since some

are disorganized enough that pupils might learn the material better

in a formal lesson. Ineffective lessons for control classes are

those in which wrong information is passed on to the pupils.

7. Project goals

We were interested in recording whether the educational goals

discussed at the introductory orientation course and given in the

teacher's editions of the worksheets were actually being implemented

in the classroom. There was not much difference between trial and

control classes, and it did not seem to observers that trial teachers

made a conscious attempt at achieving the goals.

Yet the teachers themselves (see Appendix IV, Al and A3) ob-

viously feel that they are able and have been trying to achieve goals.

The discrepancy in observations and teacher responses can call the

meanings ascribed by observers to teacher actions into question. On

the other hand, teachers know how they "ought" to act but may not act

that way in practice.
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C. SUMMARY

The frequency of use of each STOS category by each teacher has

been calculated. These frequencies were ranked from most used to

least used, and then the Mann-Whitney U test was used to compare the

groups. Cluster analysis was used to check the homogeneity of each

group. TPA results were grouped into smaller categories for analysis

to match those in STOS.

The trial teachers use STOS categories a2, a3, a5, a6, b2, b4,

c4, dl, d
2

and d
4
more often than control teachers, while control

teachers use a
1

and b
1

more often. Both styles are characterized by

teacher talk, but the trial group less so. There is a marked differ-

ence in the amount of pupil activity which occurs; pupils of trial

teachers engage in practical activity at least 29% of the time.

Trial teachers have a superior grasp of content, and teach more

highly-structured lessons by following lesson plans in the Project

teacher's guides. Trial teachers seem to have coped with the demands

for practical work by managing their classes well and preparing ahead

for practical work. Pupils in control classes seem bored, while in

trial classes, pupils seem interested in the lesson and enjoy working

with the kits.

In the next chapter, an attempt is made to relate the data on

teaching styles to some of the curriculum and methodology questions

raised earlier.
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VI. DISCUSSION

In the discusSion on cross - cultural research in Chapter III, it

was mentioned that such research has an emit and etic dimension. The

former seeks to describe practices within a particular context, while

the latter compares practices in different contexts. The discussion

in this chapter will, in broad terms, follow this distinction. First,

an attempt is made to understand what features within the Science Ed-

ucation Project and the Ciskei schools contributed to a change in

teaching style. Then some of these features and the teaching style

will be compared with those found elsewhere. In the last section,

the strengths and weaknesses of the methods used in obtaining results

will be briefly discussed.

A. FACTORS BRINGING ABOUT CHANGE IN TEACHING STYLE IN THE CISKEI

In Chapter II, perspectives of, factors affecting and dimensions

of curriculum change were discussed. In particular, it was said that

the Project adopted a technological perspective (i.e., teaching is a

craft and decisions are based on both conflict and consensus), that

the present study assumed that the key factors in bringing about

change were new materials and inservice training, and that the di-

mension of change on which this study focused was that of teaching

style.

In Figure 2, a relationship between factors bringing about change

was proposed, having decided from a literature review and the Project

experience, that the factors cannot be considered as independent en-

tities. In Figure 9, a relationship between the factors which af-

fected or were controlled by the Project and which seem to influence

a change in teaching style is proposed, in schematic form. Macro

socio-political factors have been excluded at this stage as it seems

unlikely that they can affect teaching style, although they can af-

fect change in other areas.



Figure 9 - Proposed relationship between factors influencing
a change in teaching style in the Ciskei

CHARACTERISTICS OF CISKEI SCHOOLS:

State II system

Poorly equipped schools

Rigid, difficult syllabus

Memorization, not understanding

Science has instrumental value

CHARACTERISTICS OF THE PROJECT:

Package of materials and training

Highly-structured materials

Content-based training

Specific goals spelt out

School support system
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STRATEGIES AND TACTICS:

Simple, structured materials

Teaching skills specified

Training and school support

Technology perspective of
change

Center-periphery development

EXISTING TEACHING STYLE: -1

Teacher-directed

Factual statements

Recall questions

No pupil activity

go
NEW TEACHING STYLE:

Teacher-directed

Fewer factual statements

Fewer recall questions

Problem and data questions

Pupil activity
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What factors determined the existing teaching style in Ciskei

science classes? Ciskei schools area Stage II school system (see

Table 2, p. 25). Initial investigations showed that the schools and

teachers were poorly equipped to teach science;apparatus was not avail-

able and teachers were not trained to teach science (Rogan (1977)).

Teachers and pupils relied heavily on rote-learning techniques to pass

examinations. One reason was the absence of apparatus (Rogan (1977));

the other being that much of the syllabus is beyond the reasoning

ability of pupils (Rogan and Macdonald (1980), Macdonald (1980b)).

For example, it was found that the full standard 6 physical science

syllabus could only be grasped by 4.4% of the pupils, and that more

than half the syllabus was beyond the grasp of 53.6% of the pupils.

Teachers themselves also found the syllabus difficult and lengthy.

Teachers regarded science as being all-powerful and never to be

questioned and saw the knowledge of science (not the processes) as

being useful for careers in medicine, agriculture or industry, but as

having little intrinsic value (Macdonald (1979d)). Pupils wanted to

study science and wanted teachers who "taught well" (i.e., who were

patient with explanations, and understood and shared their knowledge

of the subject) (Macdonald (1980c)).

Thus, in classes not using the Project materials (Table 10, F

and C columns), teachers relied on factual statements and recall ques-

tions to teach science. No pupil activity occurred, and pupils com-

plained of having to memorize long descriptions of experiments (Kota

(1979)). Performance on knowledge and comprehension-based examin-

ations was poor (Rogan (1980a, 1980b)), but pupils were interested in

science, though less so than pupils using Project materials (Macdonald

(1980c)).

In order to change this teaching style (and hence improve pupil

performance and attitudes), the Project team decided to introduce a

package of new materials and inservice training, which were not to be

introduced independently of each other. Recognizing the inadequate

education and training of the teachers, all written materials had to
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be simple, but highly-structured and informative, and all practical

materials had to be easy for the teacher to use. The materials also

had to be feasible for use in normal classrooms and not science lab-

oratories. Teachers were to be trained in the use of the materials,

and thus, knowledge of the science they were to teach had to be en-

sured. Thus, regular, content-based inservice training was to be pro-

vided. In addition, a school visiting program was to be undertaken

to provide feedback for the development team, but more importantly, to

provide on-the-spot guidance for science teachers.

The materials stated the primary and secondary aims of the Pro-

ject, the former being that pupils should do science, and the latter

being the development of reasoning ability, language ability, social

skills and initiative. Specific teaching skills that teachers were

to use were dealt with in the inservice training and in the materials.

Heavy emphasis was placed on questioning.

In keeping with the technology perspective adopted, a center-

periphery model of curriculum development was followed, with materials

being produced by members of the development team and then tried out

in schools. The decision to specifically include in the training and

materials any teaching skills that were desired was in line with the

(unstated) belief of the developers that teaching skills were based

on "explicit knowledge," and could be learnt through "formal means"

(House (1979)). Ben-Peretz and Kremer (1979) showed from a study in

Israel that such a tactic was wise, but that teachers were also re-

luctant to use teaching strategies that were not part of or dissimilar

to their own repertoire. The implications of the technological per-

spective for teaching skills as discussed above should be contrasted

with the cultural perspective adopted in the Ford Teaching Project

(Elliott and Adelman (1975)).

Fram the results of the STOS and TPA observations, the Project

did bring about some major changes in teaching styles. Trial teach-

ers asked a wider variety of questions, talked less and organized

more practical activity for pupils (Table 10). Pupils were doing
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science at least 29% of their time, were talking and reasoning to-

gether, were working in groups and were expected to do at least some

things on their own. Even to the most casual observer, differences

between trial and control lessons were evident.

What is of concern though is the similarities which remained be-

tween trial and control lessons, such as little or no use of hypothe-

sis or speculation questions, statements or activities, and the re-

luctance of pupils to ask questions of the teacher. The Project team

did want teachers to use such processes as hypothesizing, designing

an experiment and verifying results. It also wanted teachers to en-

courage pupils to be self-sufficient.

To explain these similarities, the characteristics of the school

system must be considered again. For example, the syllabus was too

difficult for the pupils, and the vast majority of junior secondary

pupils operated at the concrete operational level. Teachers found

the syllabus both lengthy and difficult. Given such pressures, it

is unlikely that classes had either the ability or the time to en-

gage in speculation-type activities.

To the teachers and pupils, the two aims of developing social

skills and of developing initiative may have appeared contradictory.

Kay (1975), writing about curriculum development in Kenya, suggests

that the interaction of cultural tradition and values, and curricu-

lum-as-technology leads to a situation in which schools and homes

work at cross-purposes in the development of values. Family and

tribal groups are neglected in the face of Western-type individualism

so strongly advocated in child-centered technology. He said (p. 189):

Outside the school [the teachers] would never
contemplate putting themselves on a near-equal
footing with a child, so why should they be ex-
pected to do so convincingly inside their class-
rooms?

Thus, although the new materials and inservice training were

able to bring about changes in some aspects of teaching style, they

were powerless agents against syllabus constraints and cultural norms.
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B. CURRICULUM CHANGE AND TEACHING STYLES

In the previous section the relationship between the factors

which contributed to a change in teaching style by Ciskei teachers

using the Project materials was discussed. In this section, results

obtained in the Ciskei are compared with those reported in the lit-

erature.

SEP was developed and introduced into a Stage II system (Beeby

(1966)), while most other well-documented innovations have been in-

troduced into Stage IV systems. Examples include Harvard Project

Physics, Nuffield Science materials in England, Scottish Integrated

Science in Scotland and ASEP in Australia. In view of the observed

dependence of the characteristics of the Project and the strategies

and tactics used, on the characteristics of the Ciskei school system,

it may be dangerous and/or difficult to compare SEP in the Ciskei

with projects elsewhere.

By the same token however, schools, science and teaching all

over the world have certain common features which differentiate them

from other institutions, disciplines and practices. Thus, initially

the questions of dependence of change on the school system will be

ignored. The focus will be on features common to the teaching of

science. General prerequisites for bringing about change will then

be discussed.

1. Teaching styles and new curricula

During the 1960's and 1970's many science curriculum projects

were introduced into school systems. Either directly or indirectly,

a change in teaching style was desired because pupil activity was to

be encouraged. The extent of teacher guidance or the basis for se-

quencing topics varied from one project to another. Some had explic-

it control over subject-matter, while others had to work within ac-

cepted constraints, such as Nuffield A-level Physics and Chemistry.



129

The director of the Science Education Project took some of his

inspiration from such United States projects as ISCS and IPS for the

design of the kits, and from Scottish Integrated Science and other

projects which had incorporated worksheets into their materials. It

was noted earlier that SEP had produced materials at level 1 of in-

quiry (see Table 3, p.41) and that in the physical science materials,

inductive sequencing was more often used, while in the biology mater-

ials, deductive sequencing was more often used (see Table 4, p.42).

One feature of implementing SEP materials was the necessity of

using groups of pupils. Usually these groups consisted of five to

eight pupils because of large class size. Teachers varied in their

procedure of selecting groups and the Project had no specific policy

on the matter (see Appendix IV, Fl). Kellington and Mitchell (1978),

in their evaluation of the use of Scottish Integrated Worksheets,

noted that few teachers used groups of more than three pupils, and

that the selection of groups often was based on friendship rather

than ability, and was never random. Some authors (e.g., Hoover (1976))

have suggested the use of sociometric techniques for selecting groups.

Project observers noted that when groups were selected on the basis of

ability, the weak groups tended to suffer (Table 15, Fl).

Eggleston et al. (1976) found that the 100 science teachers which

were observed with STOS fell into three clusters. The first cluster

of teachers (Style I) frequently used teacher-dominated transactions

(such as a
1

- a
6

and b
2

- b4, Table 6). Examples are observational,

problem-solving and speculative questions and statements (a2, a3, a5,

b
2,

b
5
). The cluster of Style II teachers used statements of facts

(b
1
), and directions to sources of information for finding facts (c

1
)

'

more frequently than the other clusters. Pupils also felt free to

ask teachers questions of fact (e1). The bias of Style II was to-

wards non-practical activities. The last cluster, Style III, used

the pupil activity categoreis, not only to gather facts (d1), but

also to formulate and test hypotheses (d3). Correlations with

achievement scores showed that pupils with Style I teachers had great-

er achievement in cognitive areas, while Style III teaching led to



130

better data manipulation and problem solving.

Babikian (1971) in a study at the junior high level found that

laboratory and expository methods were more effective than the dis-

covery method for the learning of buoyancy concepts. Gabel et al.

(1980) noted in a review of research in 1978 that (p. 459):

These studies [on instruction] show that the laboratory
is not particularly effective in increasing students'
knowledge of the subject matter, but that it does en-
hance attitudes....

Few conclusions can be drawn about the usefulness of
inquiry teaching. It appears that deductive teaching
is more effective than inductive teaching in enhancing
science achievement.

Penick et al. (1976) found in an elementary school study that

pupil behaviour which was teacher-directed (i.e., alternatives had

been narrowed to those the teacher deemed effective) showed less time

on task than pupil behaviour which was pupil-directed (i.e., alter-

natives were maximized by the teachers). Peterson and Carlson (1979)

in a review article concluded that teachers must construct desirable

settings for pupils to learn concepts and processes, and the research

indicated that both teacher-directed and pupil-directed learning was

necessary to achieve this. They say (p. 501):

The extent to which a teacher is aware of the content
and technique relevant to a learning experience ap-
pears to directly affect student achievement....
Warm supportive teacher behavior appears to help
concept learning and reduce risk taking in inquiry
modes of instruction.

Although the present study did not investigate the link between

teaching style and achievement, Rogan (1980a, 1980b, 1980c) found

that pupils using Project materials did significantly better on writ-

ten and practical examinations than those using traditional materials.

Whether there is a direct link between teaching style and achieve-

ment is impossible to say, as Project pupils also showed improved

reasoning ability and better attitudes (Macdonald (1980b, 1980c)).

To observers, the "quality" of instruction seemed to be superior,
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with trial teachers having a better grasp of content, and teaching

skills that encourage learning. This combined with the increased in-

terest in science and the different style of teaching, produced better

results.

In the previous section, reference was made to the Project goals

of developing social skills and self-sufficiency. Fensham (1980)

noted in an article partially devoted to reviewing the effects of in-

troducing ASEP materials into Australian classrooms, that these goals

were part of the ASEP goals. Although some teachers regarded them in

a positive light, other saw their implementation as an opportunity

for them to get on with work of their own, such as marking. This

view of the goals was not taken by Ciskei teachers, who had been en-

couraged in training courses to act as helpers to the students. Oc-

casionally when teachers were called to meetings or other courses,

they asked pupils to work entirely on their own.

A brief glance at some of the curriculum materials developed in

the United States, United Kingdom and Australia is enough to convince

a reader that the characteristics of the schools in which the mater-

ials are intended for use are quite different from the Ciskei schools.

Even in cases where teacher's guides are provided, it is still evi-

dent that the materials are to be used by teachers with a good science

background and/or extensive professional training. Examples are

SCIS, Nuffield Physics Years I to IV and ASEP.

Most major science curriculum development projects assumed a

technological perspective in their development of materials and plan-

ning of training. Teachers were not to be brought to inquiry methods

by the (British) version of action research (Elliott and Adelman

(1975)), but by attending courses and using new materials in which

teaching skills were specified, rather than explored (Vickery (1969),

Welch (1973), Ben-Peretz and Kremer (1979)). That the technology

perspective of teaching and development has not been altogether suc-

cessful in bringing about a change in teaching styles is evident from

a review by Power (1977), who found that teachers talk 70% to 90% of
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the time and ask 90% to 95% of all questions. In the Ciskei, not

only was a technological perspective of teaching adopted by the de-

velopers, but there were also strong cultural norms promoting teacher

talk and inhibiting pupil questions.

2. Prerequisites for bringing about changes in teaching styles

Some of the prerequisites that seem to be essential for bring-

ing about curriculum change were referred to in Chapter II. One of

these is the extent to which desired teaching methods are specified

in the materials (e.g., Ben-Peretz and Kremer (1979)). Peterson

and Carlson (1979) made the following observation (p. 502):

It appears generally that curriculum designers who
include special materials to educate teachers on
the exact use and significance of materials and
strategies will have a much better chance of at-
taining their objectives.

Teachers did follow the lesson plans quite carefully and usually

they prepared in advance when it was suggested in the guide. The key

question in each lesson plan was usually asked by the teacher and the

performance of a worksheet was usually preceded by a short discussion

or introduction (Tables 13, 14 and 16). It is not possible to spec-

ify the questions to be asked during a worksheet as practical activ-

ity has a fluid nature, and it was here that it was possible to pick

out teachers who had absorbed or practiced Project philosophy, for

they would ask a wider variety of questions (e.g., teachers P4, P5

and P7 in Table 7).

Brown et al. (1976), Ben-Peretz and Kremer (1979) and Harding

(1979) note that teachers will tend to use or actually do use teach-

ing strategies similar to their existing repertoire. This is one

explanation for the relatively high use of al and b1 by trial teach-

ers (Table 10). It also explains why teachers P4 and P5 "seemed"

to use everything taught at the inservice courses; they had a ten-

dency to use a variety of questions and statements even before they
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used Project materials (compare P4 with F4 and P5 with F5 in Tables

7 and 8).

Brown et al. (1976) and Harding (1979), on evidence from Scottish

and English schools respectively, note that teachers welcome a project

if they feel that it will meet the pupils' needs. Rogan (1977) has

shown that Ciskei teachers wanted apparatus for their schools, and

they wanted their pupils' performance to improve. Some wanted fur-

ther training or advice. The advent of the Project meant that they

had science apparatus, and from the beginning they were confident that

the results would improve (Jordan (1978)). An additional hurdle for

the Project was to promote the teacher's own confidence and ability in

the performance of practical work. Some teachers commented as follows:

I think the most useful thing about the Project is
the equipment because the pupils get the chance of
doing various experiments on their own. The role
of a teacher is to guide them and attend to their
problems.

(The most useful thing about the Project is) that
students are not passive recipients of information.
They are active participants, finding out for them-
selves, which should make them understand science
better.

The image which the innovation creates was found by Harding

(1979) to be important. For the Ciskei teachers, the image of the

Project before and after joining the Project was generally very good

(Macdonald (1979d)). They were proud to be involved with the Project

and became an active, positive group of teachers, eager to be associ-

ated with the Project and to attend its courses, where they could

discuss common problems (Macdonald and Gilmour (1980)). The good re-

sults obtained in the 1979 examinations led teachers in control

schools to request permission to join the Project in 1980.

Gross et al. (1970), Hoyle (1972), Brown et al. (1976) and

Harding (1979) have noted the importance of adequate resources to

introduce an innovation, and organizational structures to support it.

In that the Project provided all the written and practical materials
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necessary for the new approach and ensured that only schools with

adequate storage space, a flexible timetable and a water supply were

included in the trial schools, the problem of resources was solved.

The support of principals was sought from the start, not only with

regard to broad Project goals, but also to such features as re-

arranging the timetable to accomodate double periods for science and

releasing the teachers from duties in order to attend courses. In

most cases, such support was forthcoming.

C. STRENGTHS AND WEAKNESSES OF THE STUDY

Tyler (1967) sees three criteria as being of importance to re-

search in education. They are relevance, conceptualization and

methodology. Researchers should pick problems which extend knowledge

about science education and all its component parts.

In this study the problem considered was the effect of new ma-

terials and inservice training on the teaching styles of Ciskei

teachers. This problem was considered in the light of certain cur-

riculum and methodology issues. Even though large curriculum devel-

opment projects are not the fashion anymore, small-scale projects,

producing materials and providing training, have been and will con-

tinue to be part of educational practice. This will be increasingly

true in developing countries, where science education (including

technical education) is receiving increasing attention. Thus in this

study it can be contended that a relevant problem was chosen. Fur-

ther justifications for the study were discussed in Chapter I.

Tyler would like to see that the problem has a conceptual base,

and that an explanation for its solution is sought in existing theory

and results as well as in research on the problem. An attempt has

been made to tie the analysis of the problem to other reviews and

studies in the field. In particular, there has not been an uncriti-

cal acceptance of "new materials and inservice training" as key fac-

tors in bringing about change. These factors have been placed in a
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framework of related, dependent factors. "Teaching style" was iden-

tified as one of many dimensions of change, and one that to a large

extent depends on the simultaneous occurrence of structural changes.

The analytic concepts used are not entirely satisfactory, primarily

because of the inaccessibility or non-existence of research conducted

in similar settings.

Chapter III covered methodological questions connected with this

study and dealt in particular with classroom observation, curriculum

evaluation and cross-cultural research. It was essential to actually

go into a classroom to observe and measure teaching styles, rather

than relying on questionnaires or other data. Once in the classroom,

data could have been gathered in a number of ways. A systematic ob-

servation instrument was used (i.e., STOS), an open-ended observer

questionnaire (i.e., TPA), informal observation (recorded in field

notes) and teaching in three Ciskei classrooms with the materials to

Ciskei pupils.

Both STOS and TPA have the weakness of having prespecified cate

gories, which then fix the data obtained and can distort the reality

of the classroom as seen by the teacher himself. STOS was chosen as

the observation instrument because it seemed to match the teaching

categories that the Project hoped to encourage, and indeed reflected

much of Project philosophy, such as an emphasis on questioning and

pupil activity. These categories could have been meaningless for

what went on in control classes. Should an instrument be used which

distinguishes between teachers talking ad lib. and reading out of a

textbook? To what degree of events should an instrument be sensitive?

Not only are such issues important, but also the more fundamental

decision to use an instrument which only looked at cognitive events,

and did not"acknowledge" that teaching style also has affective com-

ponents. This "defect" in STOS was somewhat remedied by adding TPA,

with its coverage of classroom management and classroom atmosphere.

A major assumption in the use of STOS was that verbal trans-

actions provide a meaningful record of cognitive activity in the
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classroom. Yet it was noted in the analysis of results that although

it seemed as if pupils seldom asked their teachers questions, non-

verbal transactions during practical work were frequent. Pupils would

look worriedly at their teacher; he would then alter something in the

set-up or point to something, and then proceed to the next group. No

STOS observation is recorded when nothing is said. This inability of

STOS to record such interactions masks some of the cognitive activity

which occur in science classrooms, and which forms an integral part

of the teaching-learning process.

A major problem in using the hard data obtained by recording num-

bers of occasions on which categories are used, is whether the data is

actually representative or typical. There is the "average"/"good"

distinction referred to in Chapter III, and the anomalies noted in the

analysis and discussion of results on teaching styles. The design of

the experiment assumed two independent groups. Cluster analysis show-

ed that there were two groups, but of slightly different composition.

Other observations of P1 were more typically "Project" behaviour, but

which were more typically "Pl?" Teacher Cl joined Cluster II very

late, and only joined it because of no pupil activity caused by lack

of apparatus. Yet his lessons were challenging, interesting and

thought-provoking; nowhere does such information appear in STOS. His

style is certainly not typical of control teacher style; more than

any other teacher in the trial or control groups, he used categories

a
2

and b
2.

Does one recalculate the data, excluding P1 and Cl as

subjects, or does one include them in the Mann-Whitney U test compar-

ison since an "experiment" was carried out? If it had been a physics

experiment, perhaps they would have been thrown out as unreliable

"readings" of a measurable, observable phenomenon.

Finally, to what extent are the results of this study general-

izable, or is it enough to have "explained" what happened in the

Ciskei? Taking the view that it was an experimental study using a

post-test only control group design, the factors which affect gen-

eralizability are the interaction of selection and the treatment, and
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reactive arrangements (Campbell and Stanley (1963)).

The former factor is controlled for in the selection of the

trial and control groups, which was dealt with in Chapter IV. Both

groups were selected from the Alice and Middledrift school circuits

because of their proximity to Alice, but the circuits themselves had

no features to distinguish them from other Ciskei circuits, such as

Peddie or Mathole, and are similar to all black rural or semi-rural

circuits in South Africa. Differences in urban circuits are that the

schools are usually better equipped, but only marginally so. The

qualifications of teachers in other black schools generally are not

any better than those in Ciskei schools.

Rejecting this possibility for lack of validity of the study,

the results are generalizable to all Stage II school systems, which

have teachers who are poorly educated but have some professional

training. This would mean that the results would be generalizable

to virtually all schools in developing countries, whether they be in

the Americas, in Asia or in Africa.

In that the "experiment" occurred in classroom settings with

teachers teaching their own classes, reactive arrangements were min-

imized. In that trial teachers were very proud to be "part of the

Project," some sources of invalidity have crept in. But if this

pride is always to be associated with the Project (and it does seem

to be elsewhere in South Africa), the "pride" might be considered as

part of the treatment.

Some cross-cultural problems were discussed at the end of sec-

tion D, Chapter III.

D. SUMMARY

1. The characteristics of schools which have the most influence on

teaching style are:

the general education of the teachers,
the level of professional training of the teachers,
the resources available,
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syllabus and examination constraints, and
prevailing cultural norms.

2. These characteristics contribute directly to the characteristics

of an innovation and to the strategies and tactics used to intro-

duce it.

3. A second key determinant of the innovation's characteristics and

tactics employed by the developers is the perspective of teach-

ing assumed by the developers. The distinction between the tech-

nology and craft perspective is important.

4. A new teaching style will depend on:

the existing teaching style (see 1 above),
the characteristics of the innovation, and
strategies and tactics used to introduce the innovation.

5. Prerequisites in curriculum innovation for a change in teaching

style include:

the specification of intended methods in the materials and
training,

adequate support resources in the school and school system, and
the teacher's opinion that the innovation meets the needs of

the pupils.

6. Strengths and weaknesses of the study were discussed. Particular

attention was paid to the choice of instrument, the use of the

instrument and the generalizability of results.
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VII. CONCLUSIONS AND RECOMMENDATIONS

The major problem of this study was to analyze and compare the

teaching styles of teachers who had been trained to use and were us-

ing new science materials with the teaching styles of teachers using

traditional materials. It was noted earlier (see Figure 1, p. 4) that

this problem could not be solved satisfactorily unless related ques-

tions were also considered. Was it useful to focus on the curriculum

package of training and materials as a key factor in bringing about

change, and to what extent could teaching style be considered as a

dimension of curriculum change? What was the methodological position

taken in the study? The time has come to note the progress made on

these problems, and to make some recommendations.

A. THE CURRICULUM PACKAGE AS A FACTOR IN BRINGING ABOUT CHANGE

When this study was first planned, it was assumed as obvious

that new materials and inservice training could bring about curricu-

lum change. A simple experiment using a control group would suffice

to establish whether or not a change in the teaching style of teach-

ers had occurred, the change, of course, being the consequence of the

materials and training. After 18 months in the field and a further

year writing evaluation reports, it is not evident that it was the

package itself which brought about some of the observed changes.

A review of the literature, the results reported in this study

and information collected as part of the evaluation program indicate

that the curriculum package, although the most tangible of the fac-

tors affecting change, cannot be considered as a separate entity.

The structure of the package depended directly on the characteristics

of the Ciskei schools, and these characteristics in turn had a major

effect on the strategies and tactics used.

Thus, there seems to be two key factors affecting changes in

teaching style. One is the school system, the other is the innova-

tion with its chosen strategies and tactics. Where these two factors
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were in agreement, change was encouraged. Examples were the provision

of resources and the further education and training of the teachers.

These in turn led to an improvement in the quality of teaching and the

performance of practical work in the classroom. Where the factors

were in conflict, change was inhibited. Examples were the syllabi and

examination constraints, and cultural norms. These resulted in sub-

ject-matter that was too difficult to understand, pupil dependence on

rote-learning to pass examinations and classes characterized by teach-

er talk.

Recommendations

1. An innovation (or SEP) may be more successful if syllabus and

examination constraints are put in the control of the developers

and teachers. They could choose the subject matter (based on

theories of learning and investigations of pupil understanding

of basic concepts) and organize it into suitable sequences for

instruction (see Hewson (1981)). Examinations could then be

based on subject-matter within the grasp of students and on teach-

ing methods used in the classroom.

2. Perhaps an innovation would be more successful if the craft per-

spective of teaching rather than the technology perspective was

assumed by the developers. Together teachers and developers

could work from a starting point acceptable to both parties.

Cultural norms could be recognized and explicitly considered;

this would be particularly important in developing countries.

The concerns of the teacher with regard to his understanding of

science and use of instructional and other techniques would be

made manifest through discussion, and used as a basis for further

development of teacher training and classroom materials. This is

more easily said than done as SEP developers and teachers work-

ing in Soweto would quickly acknowledge.
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3. A continued focus on content-based training in the near future

seems essential for the security of Ciskei and other SEP teachers,

many of whom have studied science only up to Standard 8 or 10, but

are required to teach it in Standard 6, 7 or 8. (I recently work-

ed with three Standard 8 teachers on practical work in heat. Two

of the three had no professional training; none of the three had

studied science beyond Standard 10; and all of the three had only

a hazy notion of the effects of heat on substance, and the rela-

tionship between "heat as energy" and "temperature.")

4. This content-based training must also incorporate attention to

teaching skills such as questioning and Project goals, if adequate

use of resources is to be made and pupil activity encouraged.

Such Project goals as the development of reasoning and the develop-

ment of self-sufficiency and initiative will not be achieved

through content -based courses, but through practice, discussion

and example.

B. TEACHING STYLE AS A DIMENSION OF CURRICULUM CHANGE

Teaching style was an aspect of one dimension of change identi-

fied by Fullan and Pomfret (1977) (see Table 1, p. 24). There is a

difference between structural and role changes. Role changes are

frequently dependent on structural changes. In the discussion of re-

sults obtained from STOS and TPA, it was evident that many of the pat-

terns of interaction which were observed, were dependent on the avail-

ability (or otherwise) of resources.

For example, trial teachers asked more questions based on direct

observation than control teachers because there was something to do

and observe in trial classes. The changes made by the trial teachers

in such respects must not be negated, as the trial teachers still had

the freedom to choose whether or not to ask such questions. It is

important to note, however, that such a change depended directly on

the existence of a structural change, such as the provision of ma-

terials. Other important structural changes for the new teaching
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style were the provision of double periods (instead of single) for

science on the timetable, and the re-arrangement (in most cases) of

existing classroom furniture in order to facilitate the performance

of practical work.

There is enough evidence in the literature to support the im-

portance of the teacher's role in creating a learning environment

(cf. Peterson and Carlson (1979)). Teaching style should not be

viewed as something distinct and independent of the learning which

occurs. It is after all the learning which is the reason for the ed-

ucation. Although this study did not investigate causal links be-

tween teaching style and pupil learning, there are indications from

the other evalution studies on SEP that pupils benefitted in many

ways from being exposed to new materials and methods. In that the

teacher, in most respects, is the person on which successful imple-

mentation of an innovation in the classroom depends, it can be impor-

tant that "desirable" changes in teaching style do occur.

Recommendations

1. If a change in teaching style is desired, then all prerequisite

structural changes must be brought about either before or during

the implementation of the innovation.

2. Any particular features of the teaching style which are especially

desirable must be explicitly stated in the materials or training,

or must arise during discussion.

3. The innovation must be one which the teacher perceives as being

beneficial to the pupils if it is to be successfully introduced.

4. The relationship between specific teaching styles and desired

learning gains can be investigated in studies similar to the pre-

sent one, where the researcher can monitor test performance after

clusters of teaching styles have been identified.
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C. THE TEACHING STYLES OF CISKEI SCIENCE TEACHERS

Both the trial and control groups were characterized by teacher

talk, the former initiating 71% of all verbal interactions and the

latter 99%. There was some use of questions other than recall ques-

tions, but few speculation type questions were asked. This was as-

cribed to the length and difficulty of the syllabus, and to the weak

content background of the teachers. Pupil questions were almost non-

existent. As Beeby (1966) has said (p. 61):

The teacher is afraid of any other question in
the classroom but those he himself asks, for
they are the only ones to which he can be sure
of knowing the answers.

The teaching styles in the Ciskei are not too dissimilar from

many observed elsewhere. A suitable description can draw on the mod-

els presented in Chapter II. The control style could be termed teach-

er-directed, theoretical and didactical, and has some attributes of

the behaviour-control and rational model. These are primarily nega-

tive attributes such as rigid discipline, negative reinforcement and

memorization of facts (or beliefs). The trial group style is teach-

er-directed, more practical than theoretical and more heuristic than

didactic. Although it has some of the same behaviour-control and

rational model attributes as the control group style, discipline is

less rigid, pupils receive more encouragement and there is less rote-

memorization. It has also incorporated some aspects of the discovery-

learning model, with a wider variety of questions being asked and

practical work being performed.

One feature of the teaching styles which has been discussed in

this study, but which remains somewhat unresolved, is the dependence

of the teaching style on the ability of pupils to do and learn science.

Consider the ability of pupils to reason. It was found that pupils

reason primarily at the concrete operational level. Thus, not only

is the syllabus lengthy, requiring memorization of facts, rather than

understanding based on practical or other experience, but the
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"difficulty" experienced with the syllabus is largely due to the abun-

dance of abstract concepts (Macdonald (1980b), Rogan and Macdonald

(1980)).

Recommendations

1 Until the syllabus is changed, it is unlikely that teachers will

be able to cope with it even if training is extensive. Pupils

are unlikely to be able to think speculatively about the concepts

in the syllabus. Serious materials development, based on the un-

derstanding of concepts by pupils, can then be undertaken (see

Hewson (1981)).

2 The link between teaching styles, and the ability of pupils to

observe, experiment, reason and recall facts should be assessed

more thoroughly than in the present study. Pupils who find it

difficult to manipulate apparatus or read instruments can force

the teacher into a more didactic style in order to save time and

frustration.

D. METHODS OF OBSERVATION

The strengths and weaknesses of the methods used have been dis-

cussed before in this chapter. The contrast between scientific and

hermeneutic methods was discussed in Chapter III. It is not possible

to talk about the supremacy of one paradigm over the other.

In the present study, much valuable information on the patterns

of interaction was obtained by using a systematic observation instru-

ment (STOS). In doing so, the results of the study could be compared

with a number of other studies undertaken in science classrooms. The

open-ended observation checklist (TPA) and experiences in the field

and teaching over 18 months provided valuable information on the na-

ture of educational practices in the Ciskei. This enabled the pat-

terns of interaction recorded by STOS to be placed within a context
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of policies and practices, and facilitated explanations. Concurrent

evaluation studies, drawing on both scientific and hermeneutic meth-

ods, provided additional information.

On a personal note, the undertaking of classroom research, using

STOS and TPA, forced me to consider the implications of my own teach-

ing actions at the school and university level. Attempts were made

to ask a variety of questions and to encourage student activity.

Recommendations

1. Any research undertaken that is of a cross-cultural nature will

benefit by the use of both scientific and hermeneutic methods,

which enable one to explore the etic and emic dimensions of the

problem under investigation.

2. Even classroom research undertaken within the same culture as the

researcher's would benefit if methods from both paradigms were

used. In particular, the use of hermeneutic methods forces an

investigator to reconsider basic assumptions about practices with-

in his own culture.

3. The assumptions behind the use of a systematic observation sched-

ule must be identified and its limitations recognized. Indis-

criminate use of results obtained with such a schedule can result

in a distortion of what actually occurs in the classroom.

4. By measuring and observing other science classrooms, the science

educator can improve and reflect on the quality of instruction in

his own classroom.

F. SUGGESTIONS FOR FURTHER RESEARCH

A difficulty in making suggestions for further research is linked

to the origin of this study. This investigation into teaching styles

formed one of a number of evaluation activities on the development and

implementation of the SEP package in the Ciskei schools. Thus, the

results are perhaps more closely tied to these evaluation studies than
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to the existing body of research on teaching styles per se. Recommen-

dations will thus be directed towards curriculum evaluation and teach-

ing styles. Questions of methodology have been discussed in the pre-

vious section.

Recommendations

1. Curriculum evaluation should always include classroom observation.

The extent to which materials are being used, the difficulties

encountered by teachers and pupils and the nature of teacher and

pupil actions cannot be studied without classroom visits at both

the formative and summative evaluation stages. Early observa-

tions can lead to changes in the materials and inservice train-

ing, while later observations can provide a baseline for immediate

comparison with other studies, or for long-term studies on the

effects of the package.

2. As stated earlier, the context into which an innovation is in-

troduced must be carefully considered by the developers, even if

the developers are teachers in the system and not outside experts.

Recognition of contextual factors is crucial, even if such factors

seem to have negative overtones, such as the presence in the sys-

tem of insecure, ill-prepared teachers.

3. Different perspectives of the teaching process and adherence to

different models of teaching can affect the interpretation and

description of teaching styles. Researchers should question the

fundamental assumptions behind stated hypotheses, and should re-

cognize their own expectations with regard to teaching. An ex-

amination of basic assumptions is often sadly absent from main-

stream science education research, with its emphasis on carefully

controlled, experimental (or correlational) studies.

4. This study resulted in a description of teaching styles. Useful

further research would be to explore the influence of:

a. pupil abilities, attitudes and actions on teaching style,
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b. teacher abilities on teaching style, and

c. teaching style on measures of pupil achievement and at-

titudes.

Little or no research has been reported on the effects of pupils

on teachers. Usually a teacher characteristic is related to a

pupil characteristic, but results are often inconclusive. Per-

haps the time has come to consider effects of pupils on teachers

in more detail.

5 Some other suggestions for further research are included in re-

commendations elsewhere in this chapter.

F. FINAL THOUGHTS

Tyler (1967) has suggested that all science education research

should expand the conceptual map of knowledge, and should satisfy

certain criteria. Reference to these was made earlier. He also says

that research should have wider applicability than the immediate case-

study. In what respects does this study have "wider applicability?"

1. Certain curriculum questions have been raised and explored. The

technology and craft perspectives of change were seen to be use-

ful concepts, and two key factors in bringing about change,

namely the curriculum package and the characteristics of schools,

were identified. These concepts and factors can prove useful

starting points for those planning, implementing or analysing

change.

2. Methodology questions, focusing on the use of "scientific" versus

"hermeneutic" methods, were considered. The use of both methods

in cross-cultural work was recognized as useful, and strengthened

the conclusions of the present study. In that mainstream educa-

tion research, particularly in science education, depends on

scientific methods, the extensive use of hermeneutic methods in

this study can serve as an encouragement to aspiring researchers.
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3. The case-study of science teaching in the Ciskei has picked out

general patterns of teaching in the Ciskei, but comparisons have

shown that the Ciskei teachers are not unique with respect to

their style. Their style depends largely on the key factors of

school system characteristics, and the curriculum package. In-

novations seeking to change teaching style must recognize the

interdependence of these key factors.



149

BIBLIOGRAPHY

Adey, P. 1976. Two tasks for the assessment of levels of cognitive
development in Caribbean junior secondary schools. Caribbean
Journal of Education 3(2): 112-138.

Al-Issa, I. and W. Dennis (ed.). 1970. Cross-cultural studies of
behavior. Holt, Rinehart and Winston: New York.

Altman, I. H. 1970. Teacher-student interaction in inner-city and
advantaged classes using the Science Curriculum Improvement
Study. Unpublished doctoral dissertation: UCLA.

Ashley, J. P. 1978. A study of the impact of an inservice education
program on teacher behavior. Dissertation Abstracts 28(10):

4037-38-A.

Avalos, B. 1980. Teacher effectiveness: research in the Third
World - highlights of a review. Cmparative Education 16(1):

45-54.

Babikian, Y. 1971. An empirical investigation to determine the rela-
tive effectiveness of discovery, laboratory, and expository meth-
ods of teaching science concepts. Journal of Research in Science
Teaching 8(3): 201-209.

Balzer, L. 1969. Nonverbal and verbal behaviors of biology teachers.
American Biology Teacher 31:226-229.

Barnes, D., Britton, J. and H. Rosen. 1969. Language, the learner
and the school. Penguin: Harmondsworth. 168p.

Beeby, C. 1966. The quality of education in developing countries.
Harvard University Press: Massachusetts. 139p.

Ben-Peretz, M. and L. Kremer. 1979. Curriculum implementation and
the nature of curriculum materials. Journal of Curriculum
Studies 11(3): 247-255.

Blosser, P. E. 1973. A review of research related to teacher be-
havior in classrooms other than science. In Balzer, A. L. et al.
A review of research on teacher behavior. ERIC: Ohio State
University. pp. 253-515.

Brislin, R. W., Lonner, W. J. and R. M. Thorndike. 1973. Cross-

cultural research methods. John Wiley: New York. 351p.



150

Brown, S., McIntyre, D., Dreyer, E. and J. K. Davies. 1976. Innova-
tions in integrated science in Scottish secondary schools.
Stirling Educational Monographs No. 2: University of Stirling.
91p.

Bruner, J. S. 1960. The process of education. Harvard University
Press: Massachusetts. First edition.

Bruner, J. S. 1962. The act of discovery. In Bruner, J. S 1971.

On knowing. Atheneum: New York. pp. 81-96.

Bruner, J. S. 1977. The process of education. Harvard University
Press: Massachusetts. Second edition, new preface. 97p.

Campbell, D. T. and J. L. Stanley. 1963. Experimental and quasi-
experimental designs for research. Rand McNally: Chicago. 84p.

Champagne, A. E. and L. Klopfer. 1974. Formative evaluation in
science curriculum development. Journal of Research in Science
Teaching 11(3): 185-203.

Clark, D. L. and E. Guba. 1965. An examination of potential change
roles in education. Paper presented on Innovationin Planning
School Curriculum.

Cook, R. E. 1967. The effect of teacher methodology upon certain
achievements of students in secondary school biology. Unpublish-
ed doctoral dissertation: University of Iowa.

Deardon, G. and D. Laurillard. 1976. Progressive focusing in a medi-

cal school evaluation. Paper presented at BERA Annual Conference.
16p.

Delamont, S. 1976a. Interaction in the classroom. Methuen: London.

124p.

Delamont, S. 1976b. Beyond Flanders' fields: the relationship of
subject-matter and individuality to classroom style. In Stubbs,

M. and S. Delamont (ed.). 1976. Explorations in classroom
observation. John Wiley: London. pp. 101-131.

Delamont, S. and D. Hamilton. 1976. Classroom research: a critique
and a new approach. In Stubbs, M. and S. Delamont (ed.). 1976.

Explorations in classroom observation. John Wiley: London.
pp. 3-20,

Downing, H. 1979. Private communication. SEP: Alice.



151

Dreyfus, A. and J. F. Eggleston. 1977, Teaching tactics of student-
teachers of science. School of Education: University of Notting-
ham. 43p.

Duminy, P. A. 1973. African pupils and teaching them. Van Schaik:
Pretoria. 137p.

Dunkin, M. J. and B. J. Biddle. 1974. The study of teaching. Holt,
Rinehart and Winston: New York. 490p.

Eggleston, J. 1977. The sociology of the school curriculum. Rout-
ledge and Kegan Paul: London. 171p.

Eggleston, J. F., Galton, M. J. and M. E. Jones. 1975. A science
teaching observation schedule. MacMillan Education: London. 41p.

Eggleston, J. F. and M. J. Calton. 1976. Curriculum evaluation and
interaction analysis. British Journal of Teacher Education 2(2):
169-199.

Eggleston, J. F., Galton, M. J. and M. E. Jones. 1976. Processes and
products of science teaching. MacMillan Education: London. 126p.

Elliott, J. and C. Adelman. 1975. Classroom action research. Ford
Teaching Project: University of East Anglia. 28p.

Evans, T. P. 1969. A category system for teacher behaviors. Ameri-
can Biology Teacher 31(4): 221-225.

Evans, T. P. 1973. Research on teaching involving the systematic ob-
servation of classroom behavior 1960-1971. In Balzer, A. L. et
al. A review of research on teacher behavior. ERIC: Ohio State
University. pp. 227-251.

Fensham, P. J. 1980. Constraint and autonomy in Australian secondary
science education. Journal of Curriculum Studies 12(3): 189-206.

Feyerabend, P. 1975. Against method. New Left Books: London. 339p.

Flanders, N. 1965. Teacher influences, pupil attitudes and achieve-
ment. Co-operative Research Monograph No. 12: United States De-
partment of Health, Education and Welfare.

Fraser, B. J. 1980. Portrayal approach to curriculum evaluation.
Journal of Curriculum Studies 12(4): 364-367.

Fullan, M. and A. Pomfret. 1977. Research on curriculum and instruc-
tion implementation. Review of Educational Research 47(1):
335-397.



152

Gabel, D. L., Kagan, M. H. and R. D. Sherwood. 1980. A summary of
research. in science education - 1978. Science Education 64(4):

429-578.

Gage, N. L. (ed.). 1973. Handbook of research on teaching. Rand

McNally: Chicago. 1218p.

Gallagher, J. J. 1970. A comparison of individualized and group in-
struction in science; effects on third grade pupils. Journal of

Research in Science Teaching 7(3): 253-264.

Galton, M. J. 1978. Private communication. University of Leicester.

Gardner, P. 1975. Science and the structure of knowledge. In Gard-

ner, P. (ed.). The structure of science education. Longmans:

Australia. pp. 1-40.

Giddens, A. 1976. New rules of sociological method. Hutchinson:

London. 192p.

Gross, N., Giacquinta, J. B. and M. Bernstein. 1970. Failure to im-

plement a major organizational innovation. In Miles, M. W. and

W. W. Charters (ed.). Learning in social settings. Allyn and

Bacon: Boston. pp. 691-705.

Hamilton, D. 1976. Curriculum evaluation. Open Books: London. 136p.

Hamilton, D., Jenkins, D., King, C., MacDonald, B. and M. Parlett
(ed.). 1976. Beyond the numbers game: a reader in educational
evaluation. MacMillan: London. 360p.

Harding, J. 1979. Curriculum change: a model of teacher decision-
making. Journal of Curriculum Studies 10(4): 351-355.

Havelock, R. G. 1971. Planning for innovation. Institute for Social

Research: University of Michigan Ann Arbor.

Havelock, R. G. and A. M. Huberman. 1977. Solving educational prob-
lems: the theory and reality of innovation in developing countries.

UNESCO: Paris.

Hewson, M. G. 1981. Effect of instruction using students' prior
knowledge and conceptual change strategies. Paper presented at

NARST meeting. 16p.

Heyneman, S. P. 1979. Why impoverished children do well in Ugandan

schools. Comparative Education 15(2): 175-185.

Hoyle, E. 1972. Problems of curriculum innovation II. The Open

University Press: Buckinghamshire. 36p.



153

Hoover, K. H. 1976. The professional teacher's handbook. Allyn and
Bacon: Boston. 445p.

House, E. R. 1979. Technology versus craft: a ten year perspective
on innovation. Journal of Curriculum Studies 11(1): 1-15.

Jackson, P. W. 1968. Life in classrooms. Holt, Rinehart and Winston:
New York. 177p.

Jordan, N. 1978. An evaluative study on the interaction existing
when a different teaching method is introduced in a complex situ-
ation. SEP: Alice. 15p.

Kay, S. 1975. Curriculum innovations and traditional culture: a case
history of Kenya. Comparative Education 11(3): 183-191.

Kellington, S. H. and A. C. Mitchell. 1978. An evaluation of New
Science Worksheets for Scottish Integrated Science. Heinemann:
London. 136p.

Kemmis, S. 1977. Telling it like it is: the problems of making a
portrayal of an educational program. In Rubin, L. J. (ed.).
Handbook of curriculum. Allyn and Bacon: Boston. pp. 359-371.

Kemmis, S. 1978. Nomothetic and idiographic approaches to the evalu-
ation of learning. Journal of Curriculum Studies 10(1): 45-59.

Kochendorfer, L. 1966. A comparative study of the classroom practices
and teaching rationale of high school biology teachers using dif-
ferent curriculum materials. Unpublished doctoral dissertation:
University of Texas.

Kota, B. 1979. Unpublished transcripts of interviews with teachers
and pupils using Project materials. SEP: Alice.

Kuhn, T. 1970. The structure of scientific revolutions. University
of Chicago: Chicago. Second edition. 210p.

Ladd, G. T. and H. 0. Anderson. 1970. Determining the level of in-
quiry in teachers' questions. Journal of Research in Science
Teaching 7(4): 395-400.

Lazarowitz, R. 1976. Does use of curriculum change teachers' atti-
tudes towards inquiry? Journal of Research in Science Teaching
13(6): 547-552.

Lewis, I. M. 1976. Social anthropology in perspective. Penguin:
Harmondsworth. 386p.



154

Lutterodt, S. 1980. Curriculum development in Africa: a cautionary
note. Journal of Curriculum Studies 12(3): 269-270.

McCall, R. B. 1970. Fundamental statistics for psychology. Har-
court Brace and World: New York. 419p.

MacDonald, B. and R. Walker. 1976. Changing the curriculum. Open
Books: London. 134p.

Macdonald, M. A. 1979a. The introductory orientation course: pro-
ceedings and evaluation. SEP: Alice. 24p.

Macdonald, M. A. 1979b. The Science Education Project worksheets
(Part I): the development of the worksheets during 1977 and the
effects of their use during 1978. SEP: Alice. 23p.

Macdonald, M. A. 1979c. The Science Education Project worksheets
(Part II): an analysis of the responses to the worksheets used
during 1978. SEP: Alice. 37p.

Macdonald, M. A. 1979d. Attitudes of Ciskei teachers towards science
and science classes. SEP: Alice. 32p.

Macdonald, M. A. 1980a. The effects of Science Education Project
training and materials on the teaching methods of junior second-
ary science teachers in the Ciskei. SEP: Alice. 14p.

Macdonald, M. A. 1980b. An assessment of the reasoning abilities of
Ciskei junior secondary pupils. SEP: Alice. 41p.

Macdonald, M. A. 1980c. The response of Ciskei pupils to the Science
Education Project. SEP: Alice. 84p.

Macdonald, M. A. 1980d. The Science Education Project in the Ciskei:
materials, training, context and outcomes. SEP: Alice. 75p.

Macdonald, M. A. and J. D. Gilmour. 1980. Teacher reaction to in-
novation: the reaction of Ciskei teachers to the Science Educa-
tion Project. SEP: Alice. 59p.

Mager, R. F. 1962. Preparing objectives for programmed instruction.
Fearon: Palo Alto. 62p.

Manone, C. 1979. Private communication. Rhodes University.

Matthews, L. L. and D. G. Phillips. 1968. Handbook for the applica-
tion of Science Curriculum Assessment Systems. Department of
Science Education: Florida State University.



155

Mayer, V. J. et al. 1975. Evaluation of an inservice program for
earth science teachers. Science Education 59(2): 145-153.

Morgan, J. 1977. Affective consequences for the learning and teach-
ing of mathematics of an individualised learning programme. De-
partment of Education: University of Stirling. 72p.

Morrison, A. and D. McIntyre. 1973. Teachers and teaching. Penguin:
Harmondsworth. 246p.

NARST-NIE. 1974. Priorities for research in science education. Pre-
pared by the Commission on Research in Science Education. 18p.

Nash, R. 1973. Classrooms observed: the teacher's perception and the
pupil's performance. Routledge and Kegan Paul: London. 138p.

Nisbet, J. 1974. Innovation - bandwagon or hearse? In Harris, A.
et al. (ed.). 1975. Curriculum innovation. Croom Helm: London.
pp. 1-14.

Nuthall, G. and I. Snook. 1973. Contemporary models of teaching.
In R. M. W. Travers (ed.). Second handbook of research in teach-
ing. Rand McNally: Chicago. pp. 47-76.

Oliver, W. A. 1953. Teachers' educational beliefs versus their
classroom practices. Journal of Educational Research 47: 47-55.

Oram, R. 1976. Curriculum development in first-cycle education:some
implications of a study of teacher opinions in a developing coun-
try. Journal of Curriculum Studies 8(2): 171-181.

Orgren, J. 1974. Using an interaction analysis instrument to measure
the effect on teaching behavior of adopting a new science curri-
culum. Science Education 58(4):431 -436.

Parakh, J. S. 1969. A study of teacher-pupil interaction in high
school biology classes. Part I: the development of a category
system. Journal of Research in Science Teaching 6(3): 284-292.

Parlett, M. and D. Hamilton. 1972. Evaluation as illumination. In
Tawney, D. (ed.). 1976. Curriculum evaluation today: trends
and implications. MacMillan Education: London. pp. 84-101.

Parsons, C. 1976. The new evaluation: a cautionary note. Journal
of Curriculum Studies 8(2): 125-138.



156

Penick, J. E., Shymansky, J., Matthews, C. C. and R. G. Good. 1976.

Studying the effects of two quantitatively defined teaching stra-
tegies on student behavior in elementary school science using
macroanalytic techniques. Journal of Research in Science Teach
ing 13(4): 289-296.

Penny, A. 1980. The relationship of academic aptitude and study
habits to academic success: a study of first year students' ex-
perience of academic life with specific reference to the Univer-
sity of Fort Hare. Unpublished doctoral thesis: Rhodes University.

Perkes, U. A. 1967. Junior high school science teacher preparation,
teaching behaviors, and student achievement. Journal of Research
in Science Teaching 5(2): 121-126.

Peterson, R. W. and G. R. Carlson. 1979. A summary of research in
science education - 1977. Science Education 63(4): 425-547.

Power, C. N. 1976. Competing paradigms in science education research.
Journal of Research in Science Teaching 13(6): 579-587.

Power, C. N. 1977. A critical review of science classroom interaction
studies. Studies in Science Education 4: 1-30.

Pring, R. 1976. Knowledge and schooling. Open Books: London. 134p.

Ramsey, G. 1975. Science as an instructional system. In Gardner, P.
L. (ed.). The structure of science education. Longmans: Austral
ia. pp. 94-114.

Roberts, J. L. and S. K. Akinsanya. 1976. Educational patterns and
cultural configurations. David McKay: New York. 412p.

Rogan, J. M. 1976. The Science Education Project: an outline. SEP:

Alice. 8p.

Rogan, J. M. 1977. Report on the performance of practical work in
physical science in secondary schools of the Ciskei. SEP: Alice.
15p.

Rogan, J. M. 1979. Report on the examination results in the A/ice
circuit. SEP: Alice. 22p.

Rogan, J. M. 1980a. The Std 6 general science examination results
for 1979 in the Alice and Middledrift circuits. SEP: Alice. 33p.

Rogan, J. M. 1980b. The Std 7 general science examination results
for 1979 in the Alice and Middledrift circuits. SEP: Alice. 36p.



157

Rogan, J. M. 1980c. An assessment of the ability to do practical
work and the comparison of this ability with that of recall and
reasoning. SEP: Alice. 80p.

Rogan, J. M. and M. A. Macdonald. 1980. Reasoning ability and junior
secondary school science: problem areas and possible solutions.
SEP: Alice. 50p.

Rosenshine, B. 1973. The smallest meaningful sample of classroom in-
teraction. Journal of Research in Science Teaching 10(3): 221-
226.

Rosenshine, B. and N. Furst. 1973. The use of direct observation to
study teaching. In Travers, R. M. W. (ed.). 1973. Second hand-
book of research on teaching. Rand McNally: Chicago. pp. 122-184.

Rowe, M. B. 1974. Wait-time and rewards as instructional variables,
their influence on language, logic and fate control: Part One -
Wait Time. Journal of Research in Science Teaching 11(2): 81-94.

Sagness, R. L. 1970. A study of selected outcomes of a science pre-
service teacher education project emphasizing early involvement in
schools of contrasting settings. Unpublished doctoral disserta-
tion: Ohio State University.

Sanders, J. R. and D. J. Cunningham. 1974. A structure for formative
Evaluation in product development. Review of Educational Research
43(2): 217-236.

Santiestiban, A. J. 1976. Teacher questioning performance and student
affective outcome. Journal of Research in Science Teaching
13(6): 553-557.

Schwab, J. J. 1964. The structure of the natural sciences. In Ford,
G. W. and L. Pugno (ed.). The structure of knowledge and the
curriculum. Rand McNally: New York. pp. 31-49.

Scriven, M. 1967. The methodology of evaluation. In Tyler, R. W.
et al. Perspectives of curriculum evaluation. Rand McNally:
Chicago. pp. 39-84.

Sharp, C. S. 1966. A study of certain teacher characteristics and
behavior as affecting pupil achievement in high school biology.
Dissertation Abstracts 27(5): 1027-A.

Shayer, M. 1979. The match of science curriculum to the learner in
the middle and secondary school. Paper presented at Cognitive
Development Seminar: University of Leeds. 25p.



158

Shipman, M. D., Bolam, D. and D. R. Jenkins. 1974. Inside a curricu-
lum project. Metheun: London. 190p.

Shulman, L. S. and P. Tamir. 1973. Research on teaching in the natu-
ral sciences. In Travers, R. M. W. (ed.). Second handbook of re-
search on teaching. Rand McNally: Chicago. pp. 1098-1148.

Simon, A. and E. G. Boyer. 1970. Mirrors for behavior II. Classroam
interaction newsletter: Philadelphia. Volumes A and B.

Smith, B. 0. and M. O. Meux. 1962. A study of the logic of teaching.
Bureau of Educational Research: University of Illinois-Urbana.

Smith, D. L. and B. J. Fraser. 1980. Towards a confluence of quanti-
tative and qualitative approaches to curriculum evaluation.
Journal of Curriculum Studies 12(4): 367-370.

Sokal, R. R. and P. H. Sneath. 1963. Principles of numerical taxon-
omy. W. J. Freeman: San Francisco. 359p.

Steinbach, A. 1970. The development of a teacher performance compe-
tency scale. University of Texas. Publishers No. 7023: 84-87.

Streitberger, H. 1970. Teacher-influence behaviors and teacher-stu-
dent interaction patterns in selectedOregon chemistry classes.
Unpublished doctoral dissertation: Oregon State University.

Stubbs, M. and S. Delamont (ed.). 1976. Explorations in classroom
observation. John Wiley: London. 221p.

Sutton, C. 1978. Talking about curriculum change. Journal of Cur-
riculum Studies 10(4): 349-351.

Taylor, C. 1971. Interpretation and the sciences of man. Review of

Metaphysics 25: 1-51.

Toulmin, S. 1953. The philosophy of science. Hutchinson: London.
160p.

Tyler, R. W. 1967. Analysis of strengths and weaknesses in science
education. Journal of Research in Science Teaching 5(1): 15-29.

van den Berg, D. J. 1978. A pedagogical study of the black man's
mathematical ability. HSRC: Pretoria. 87p.

Vickery, R. L. 1969. An examination of possible changes in certain
aspects of teacher behavior resulting from the adoption of in-
dividualized, laboratory-centered instructional materials. Dis-

sertation Abstracts 32(3): 630-A.



159

Watson, F. G. 1979. Reply to Delacote, G. Classroom-based research:
an impossible and unavoidable challenge? Paper presented at
Cognitive Development Seminar: University of Leeds. 3p.

Watson, G. 1963. What do we know about learning? NEA Journal
LII(3): 20-22.

Welch, W. 1969. Curriculum evaluation. Review of Educational Re-
search 39(4): 429-443.

Welch, W. 1973. Review of the research and evaluation program of
Harvard Project Physics. Journal of Research in Science Teach-
ing 10(4): 365-378.

West, R. W. 1975. The summative evaluation of curriculum innovations.
University of Sussex Education Area Occasional Paper 1. 51p.

Westbury, I. 1978. Research into classroom processes: a review of
ten years' work. Journal of Curriculum Studies 10(4): 283-308.

Wolfson, M. L. 1973. A consideration of direct and indirect teach-
ing styles with respect to achievement and retention of learning
in science classes. Journal of Research in Science Teaching
10(4): 285-290.

Youngman, M. B. 1979. Analysing social and education research data.
McGraw Hill: London. 235p.



APPENDICES



160

APPENDIX I

THE CONTEXT OF THE STUDY AND THE PACKAGE PRODUCED

BY THE SCIENCE EDUCATION PROJECT

Firstly, through a variety of tables and figures, the context in

which this study took place is shown. The purpose of this is two-fold.

Beeby (1966) has pointed out that different school systems have dif-

ferent abilities to absorb innovation (see II.A.2 in the text). Also,

the pictures below demonstrate the cross-cultural nature of the study.

(I arrived in Ciskei a product of white South Africa, and of universi-

ties that were Western in every sense of the word. The early months

of the research brought great confusion as I tried to reconcile theo-

ries of teaching and learning with the practice evident in theschools.)

Secondly, while reviewing the literature on science curriculum de-

velopment, the relevance or generalizability of a result found else-

shere was not always clear. Science materials take a variety of forms

and originate in a variety of contexts. As Ben-Peretz and Kremer

(1979) have shown, the nature of the materials can be crucial in bring-

ing about the intended changes. Yet few studies give details of the

materials produced or training provided by the development team.

A. The context

The teachers in Ciskei are generally young, underqualified and

underpaid, as is evident from Table I, which includes details of all

Ciskei SEP and control teachers in 1979.

During 1977, there were 176,000 children at school in the Ciskei.

Over 27,000 were enrolled in 85 secondary schools. During the develop-

ment phase of the Project, materials were introduced into 13 schools

and a further six schools were used for control purposes. These
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schools were in three circuits, mainly rural in nature.

Schools in the Ciskei are almost all under the control of the

Ciskei Department of Education, based in Zwelitsha, which in turn is

ultimately responsible to the South African Department of Education

and training. The schools are grouped into circuits, in which there

may be 50-70 primary schools and 10-15 secondary schools. Each cir-

cuit is under the control of a chief inspector, assisted usually by

3-6 inspectors.

Table 1 - Some characteristics of teachers in Project and control
schools (N-35)

AGE:

TEACHING EXPERIENCE:

QUALIFICATIONS:

FUTURE QUALIFICATIONS:

NUMBER OF PERIODS
TAUGHT PER WEEK:

SALARY:

20-25 years
26-30 years
Older

1-2 years
3-5 years
6-9 years
Longer

Matriculation only
Primary Teacher's Certificate
Secondary Teacher's Certificate
University courses or degree

43%
29%
31%

43%
20%

17%
20%

6%

41%

44%
9%

Would like university degree 46%

26-30 periods
31-35 periods
More than 35

Less than R150
R150-R200
R200-R250
R250-R350
More than R350

11%
48%

41%

26%

13%

35%
9%

17%

Within the schools, the principal is the main authority, though

in larger schools, heads of department are sometimes appointed.
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Teachers have very little control over school affairs, especially if

the principal has an authoritarian nature. Pupils in general have no

say at all, but often have the last word by boycotting classes.

Each principal usually has a staff consisting of a deputy prin-

cipal and 4-18 assistant teachers, depending on the size of the

school. Only rarely is clerical assistance provided. Indeed, some

schools function without an office for the principal or a staff room.

The schools in the Ciskei are predominantly rural or semi-urban

(Figure 1). The two urban school districts were not included in the

activities of SEP, because of their distance from the SEP base. Few

schools have electricity or running water. The latter is stored in

tanks at the school and in the dry season these are often empty for

weeks on end (Figure 2). The implications for the teaching of

science are obvious.

Class size varies from less than 30 pupils to over 70, with a

mean between 45 and 50. Most schools have between 250 and 350 pupils.

Six of the 19 schools visited by the Project had a special room set

aside for science, but in three the space available was quite inad-

equate for the number of pupils, and in two, no furniture was avail-

able for the rooms during 1978 and 1979.

Pupils in the junior secondary schools range in age from 11-25,

with the majority being 14-18 years old. About 60% are girls; many

boys of the same age are already part of the work force. About 20%

have broken their schooling by at least one year, and about 20% are

repeating either Std 6 or Std 7.

Great stress is placed on music, and the early months of the

year are taken up by preparation for the national choir competition

held in April. Sports are played at most schools to a greater or

lesser extent; athletics is followed keenly, with most schools having

a sports day, and with a number of interschool competitions. Netball

and rugby are also played, but on a less organized basis, mainly be-

cause of the lack of transport facilities.

The school day is from about 8 a.m. to about 2 p.m., with two
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breaks during the morning. Most schools have an organized study per-

iod from about 3 p.m. to about 4.30 p.m. Sometimes this study period

is given over to other activities, such as extra classes, sport or

music practice.

Figure 1 - Emdeni Junior Secondary School, Middledrift, Ciskei. The

school had seven classrooms, furniture for six, a staff-
room, principal's office, nine teachers and an enrollment

of nearly 400 when this picture was taken in early 1980.

Figure 2 Part of the grounds at Emdeni School, showing the toilets
(left), one of the two water tanks (right) and the rural
nature of the school.
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Figure 3 A Std 7 (9th grade) class at Emdeni School, arranged in
groups for doing a worksheet activity. The class had over
50 pupils, thus less than half the class are visible in the
picture. The shopping bags in the right foreground act as
school-bags. On rainy days visibility in the classroom is
poor.

B. The package

All schools using Project materials were provided with portable

basic science kits (Figure 4a and b). Smaller schools received eight

and larger schools received ten or 12. This meant that the kits were

used by groups of five to eight pupils.
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Figure 4a The basic science kit consists of a box of simple apparat-
us. The lid of the box forms the baseboard for setting up
the apparatus.
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Figure 4b With the basic science kit, pupils can measure volume,
heat and evaporate substances, collect liquids and gases,
and carry out a variety of chemical experiments.
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Other kits include the balance kit (Figure 5), the force and

pressure kit (Figure 6) and the electricity kit (Figure 7).
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Figure 5 - The balance kit can be used for measuring mass or investi-
gating moments.

Figure 6 - The force and pressure kit can be used for measuring forces
such as friction, and for measuring changes in pressure.
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Figure 7 - The electricity kit can be used for measuring and demon-
strating current, measuring potential difference and re-
sistance, and for demonstrating the effects (chemical shown)
of heat.

All these kits can also be used for biology experiments

(Figure 8).
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Figure 8 - In biology, the kits are used in a variety of ways, includ-
ing testing for starch, food tests and plant and animal
respiration.

The use of these kits in the classroom is shown in Figures 9 and

10.
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Figure 9 - Two Emdeni School Std 6 pupils collecting the gas given

off by potassium permanganate. This is part of a work-

sheet activity.

Project developers produced teacher's guides for each of the

main textbooks in use in the Ciskei schools. A typical example of a

lesson plan is given in Figure 11. The careful structuring of the

lesson for the teacher is evident.

About 30 biology and 30 physical science worksheets were written

for each standard. An example of a worksheet is shown in Figure 12.

Besides the teacher's guide, teacher's editions of the work-

sheets were also produced. In some regions outside Ciskei, the text-

books in use would be different, but the developers wanted teachers

to still have some guidance on the use of the worksheets. An excerpt

from this book is given in Figure 13.
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Figure 10 - A group of Emdeni Std 7 pupils carrying out a worksheet
activity using the baseboard and the balance kit.

The Project used a package approach in introducing the practical

and written materials into the schools. SEP staff were aware that too

much apparatus lay unused in schools because teachers had neither the

confidence or ability to use it effectively. On the other hand, too

many inservice courses were offered during which teachers learnt to

handle apparatus not available in their schools. Accordingly, materi-

als and inservice training were not supplied independently of each

other. Teachers joining the Project in 1979 attended a week long ori-

entation program at the end of 1978, and three three-day content

courses during 1979. Key topics in the orientation course were, in

order of presentation:

Aims and objectives of SEP
Trends in science education in some developing countries

Processes of science
Teaching skills for SEP, including questioning, explaining, us-

ing examples, and focusing on the development of the child

Unpacking the kits and demonstration apparatus
Using the teacher's guide
Using the worksheets
Organizing practical work and demonstrations
Doing some practical work and demonstrations

A typical program from the content courses is given in Figure 14.
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Figure 11 - An example of a Science Education Project lesson plan,
taken from a Std 7 Teacher's guide.

LESSON ONE (1 period) THE EFFECTS OF AN ELECTRIC CURRENT

CONTENT METHOD

20.1 Pose the problem. What are
the effects of a current flowing
along a conductor? See page 222

Class discussion, led by
the te?cher.
(Timing: 5 minutes)

Class practical work using Worksheet:
Electricity 12. The effects of an
electric current. This replaces
Experiment 20.1 on page 222.

Group work using S.E.P.
kit.

(Timing: 25 minutes)

Discussion of worksheet results. Class discussion, led by

the teacher.
(Timing: 5 minutes)

Key Concept : When an electric current flows along a conductor
there are certain effects, i.e. heat is released
and a magnetic field is created around the
conductor.

Key Question : After the activity

What are the effects of a current flowing along
a conductor.

Objectives : By the end of the lesson, the pupils should:

(a) be aware that resistors are used to release
heat and light in appliances.

(b) have discovered the heat released and the
magnetic effect of an electric current.

Pupil Activity: Do the assignment on Worksheet : Electricity 12.

Read pages 222-223



Figure 12 - Excerpt from the pupil worksheet referred to in
the lesson plan in Figure 11.

THE EFFECTS OF AN ELECTRIC CURRENT

PROBLEM : When an electric current flows along a
conductor, there can be several different
effects. What are the effects when a
current flows along a conductor?

APPARATUS: You need:

Science Kit

The baseboard
Evaporating basin

Chemistry kit

Iron filings

PROCEDURE:

9

Electricity kit 1

Cell holder
Three leads
Switch
Nichrome wire
Insulated copper wire
Nail

At the main table

Four torch cells

Put four torch cells
in the cell holder.
Make the screw tight.

Put all the nichrome
wire around a pencil
as shown.
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Figure 12 - continued

Set up the circuit as shown.
Touch the nichrome wire with
your fingers.

Close the switch for about
ten seconds.

Again touch the nichrome
wire with your fingers.

Q.1 What happens to the nichrome wire when a current flows along it?

Q.2 An electric current can make an electric iron hot.
Can an electric current make other objects hot? Make
a list of three other objects.
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Figure 13 - The introduction to the worksheet in Figure 12 in the
teacher's edition of the worksheets. This is followed
by the worksheet itself with answers provided.

TEACHER'S GUIDE ELECTRICITY 12

THE EFFECTS OF AN ELECTRIC CURRENT

OBJECTIVES

Processes

1. To observe that heat is released when current flows through a
conductor.

2. To observe that a magnetic field is sep up when current flows
through a conductor.

Content

3. To know that some effects of an electric current are that
heat is released and a magnetic field is set up.

APPARATUS

Available at the main table

Torch cells - 4 per group

EXTENSION

Per Group

Science kit
Chemistry kit 1
Electricity kit 1

This is a simple extension and can be attempted by most pupils.
If time allows, the extension may be carried out during the
class period itself, otherwise it could be done in the after-
noon.
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Figure 14 - A program for one of the content courses offered during
1979.

Wednesday 1st August

0830 - 0930 Opening and Feedback on previous section

0930 - 1030 Pressure

1030 - 1100 TEA

1100 - 1300 Pressure

1300 - 1400 LUNCH

1400 - 1515 Electricity

1515 - 1530 TEA

1530 - 1630 Electricity

Thursday 2nd August

0830 - 1030 Electricity

Atoms

1030 - 1100 TEA

1100 - 1300 Atoms

Waves

1300 - 1400 LUNCH

1400 - 1515 Role of water in living organisms

1515 - 1530 TEA

1530 - 1630 Respiration

Friday 3rd August

0830 - 1030 Role of water in living organisms

Respiration

1030 - 1100 TEA

1100 - 1300 Nutrition in plants

1300 - 1400 LUNCH

1400 - 1515 Nutrition in plants

1515 - 1530 TEA

1530 - 1630 Nutrition in plants

Closing



APPENDIX II

THE SCIENCE TEACHING OBSERVATION SCHEDULE

la Teacher asks questions or invites comments which are

answered by:

a1 Recalling facts and principles
a2 Applying facts and principles to problem solving

a3
Making hypothesis or speculation

a4 Designing experimental procedure
a
4

Direct observation
a
5 Interpretation of observed or recorded data

a
6

7
Making inferences from observations or data

lb Teacher makes statements:

b Of fact and principle
b
1

Of problems
b Of hypothesis or speculation
b
3

4
Of experimental procedure

lc Teacher directs pupils to sources of information for

the purpose of:

c
1

Acquiring or confirming facts or principles

c
2

Identifying or solving problems

c3 Making inferences, formulating or testing hypotheses

c4 Seeking guidance on experimental procedure

2d Pupils seek information or consult for the purpose of:

d Acquiring or confirming facts or principles

d2 or solving problems

d
2 Making inferences, formulating or testing hypothesis

d4 guidance on experimental procedure
4

2e Pupils refer to teacher for the purpose of:

e Acquiring or confirming facts or principles

e
1 Seeking guidance when identifying or solving problems

e
3

2 Seeking guidance when making inferences, formulating

or testing hypothesis

e
4

Seeking guidance on experimental procedure

177
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APPENDIX III

TEACHER PROFILE FORMA

- --00o - --

TEACHER PROFILE

FORM A

---o0o---

Teacher

School

Date

Class

Size of class

Textbook

Lesson topic

Teacher guide lesson, if any

Worksheet, if any
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DEVELOPMENT OF LESSON

CONTENT METHOD

A. S.E.P. EDUCATIONAL GOALS

1. Was language development encouraged in any way?

2. Was the development of initiative encouraged in any way?

3. Was the development of reasoning encouraged in any way?
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B. S.E.P. TEACHING SKILLS

1. Did questions initiate the use of processes? Which processes?

2. Did questions help to pose problems?

3. Did questions help develop important concepts? If so, how?

4. Did questions help lead to feedback on pupil understanding?

5. Was the language clear in the explanations?

6. Which language, English or Xhosa, was used during explanations?
If a mixture, estimate the ratio.

7. Were suitable examples used?

C. USE OF S.E.P. TEACHER'S GUIDE

1. To what extent were the scheme of work and an individual lesson

plan being followed? If a lesson plan was used, was it modified

in any way?
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2. Was the key concept evident in the lesson?

3. Were the key questions used?

4. Were the objectives achieved and was there any attempt to assess
this?

5. How was the textbook used in the classroom?

6. What written work was required from the pupils?

D. DEMONSTRATION TECHNIQUE (if any demonstration in this lesson)

1. Was there a demonstration? Should there have been a demonstration?

2. Was the problem or key idea behind the demonstration clearly
stated?

3. Was the teacher at ease with the apparatus?

4. Was the demonstration visible to all students?
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5. Was the demonstration prepared in advance?

6. Was there any planned pupil participation? In what form?

7. Were any processes used by pupils during the demonstration?
Was this planned by the teacher?

E. USE OF WORKSHEET (if any worksheet in this lesson)

1. Was there a worksheet for this lesson? Could this have been a
worksheet lesson? Explain the reasons if a possible worksheet
was not done.

2. Was the problem clearly stated?

3. Was there any discussion of the problem?

4. What percentage of the class completed the worksheet and/or the
extension?

5. Could pupils follow the worksheet instructions? How much use did

they make of the diagrams and how much of the text?

6. Were the pupils using processes? Which processes?
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7. If the pupils needed information, either on apparatus or on
concepts, how did they go about obtaining it?

8. Were the results of the worksheets discussed? If so, how?

F. PRACTICAL WORK WITH KITS

1. How were the groups selected? Do they have good leaders and
how were they selected?

2. Did all group members seem to co-operate and participate?

3. Was the work area satisfactory? Describe it.

4. Were the kits smoothly dispensed?

5. Were the parts of the kit washed, packed or checked at the end
of the lesson?

6. Were the main table materials satisfactorily dispensed?

7. Did the pupils seem to enjoy using the kits?
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G. QUESTIONING

1. How many pupils, and what ability range of pupils, responded to
questions?

2. Did the questions generally require knowledge or hypothesizing?

3. Was there a reasonable wait-time for a response?

4. Were the responses generally followed by repetition or elaboration?

5. Were the responses ever followed by supportive remarks?

H. TEACHER AND PUPIL ACTIONS

1. Was the teacher interested in the topic? Were the pupils
interested in it?

2. Was the teacher confident with the lesson content and the
practical work?

3. Was the teacher's grasp of the content satisfactory?

4. Was the level of presentation suitable for the pupils?
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5. Did the pupils seem confident with the lesson content or
practical work?

6. How often, and how well, did the pupils use English?

I. OVERALL CLASSROOM ATMOSPHERE

1. How were management instructions given and how were they
carried out?

2. How often and how reasonably were disciplinary remarks made?

3. What encouragement does the teacher give to individuals or
groups?

4. Describe the general rapport existing in the classroom.
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APPENDIX IV

SUMMARY OF TEACHER PROFILE FORM B RESPONSES

A. PROCEDURE

In November 1979, the teachers who attended a one-day feedback
meeting at Fort Hare, were asked to complete Teacher Profile Form B
(hereafter TPB). Most teachers had already completed a TPB in March

1979, and few had completed one in August 1979.

There are two differences between TPA and TPB:

1. TPB was seen as a self-evaluation exercise for teachers, as well
as a form of feedback to the Project.

2. TPB refers to the teaching of a whole chapter and not just to
one lesson in the chapter.

Eight of the nine Project teachers referred to in this study
attended the meeting and three of the control teachers. Without the

full sample, no direct comparison can be made between groups, but
totals from both are however included.

B. SUMMARY OF RESPONSES

Wherever possible the format of the results is the same as in the
results on the TPA in Tables 11-17. Note though that the totals here

refer to teachers and not lessons. Also note that teachers may have

supplied answers in more than one category.

RESPONSES:

Al.

SEP Educational goals

In what ways did you feel you were able to help the pupil's lan-

guage development?

GRAMMER 3/0 ORAL QUESTIONS 4/0 FULL SENTENCES 4/0

MEANINGS AND PRONUNCIATION OF WORDS 3/2

Teachers named a wider variety of language aids than observers

noted in any one class. See TPA, Al.

Responses continued overleaf...
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A2. In what ways did you feel you were able to encourage pupils to
do things by themselves and to develop initiative?

PROBLEMS 4/0 COMPLETING WORK ON OWN 3/2 WORKSHEETS 1/0

Observers and teachers have a different perception of the mean-
ing of initiative. See TPA, A2.

A3. In what ways did you feel you were able to encourage the de-
velopment of pupils' reasoning skills?

DISCUSSION OF PROBLEM 4/0 QUESTIONING 4/1

VERIFYING PHENOMENA 1/1

Observers felt that problems were seldom discussed; perhaps
teachers feel that it is enough for the teachers to talk about
it, rather than to lead group discussion on it.

SEP Teaching Skills

Bl. How often do you think that your questions initiated the use
of processes by pupils?

VERY OFTEN 2/0 OFTEN 3/2 SOMETIMES 3/1

Examples provided by teachers showed that many had missed the
meaning of a "process" e.g., "What is science?", "When some-
thing hits a barrier and bounces back, it is called

vi

Other examples were good e.g.,"Do you think CuSO4 gains or
loses mass on heating?"

B2. How often do you think your questions posed problems for the
pupils to consider?

VERY OFTEN 3/0 OFTEN 2/1 SOMETIMES 3/2

Examples here were good e.g.,"You are given a mixture of water
and paraffin. How do you separate it?"

Responses continued overleaf...
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Responses continued:

B3. How often do you think your questions helped pupils to develop
important concepts?

VERY OFTEN 1/0 OFTEN 3/1 SOMETIMES 4/2

Examples were generally good, but there is room for improvement.
This is also evident to observers.

B4. How often do you think that your questions helped you under-
stand how much of the lesson the pupils had understood?

VERY OFTEN 2/0 OFTEN 4/3 SOMETIMES 1/0

Examples were good e.g. 'Why do we separate iron filings from

sulphur with a magnet?'

B5. Please rank the following in order of most often used (1) to

least often used (4).

QUESTIONS LEADING TO FEEDBACK ON UNDERSTANDING Rank 1/3

QUESTIONS INITIATING THE USE OF PROCESSES 2/1

QUESTIONS DEVELOPING IMPORTANT CONCEPTS 3/2

QUESTIONS POSING PROBLEMS 4/4

There is reasonable agreement with TPA (see B1-4) and with

STOS results (see categories al and a2).

B6. How long do you wait for the pupils to respond to your ques-
tions?

FIVE MINUTES 1/0 TWO TO THREE MINUTES 4/1

ONE MINUTE 1/1 FEW SECONDS 0/1

Teachers are unrealistic about how long they wait for a re-

sponse. In observations, teachers never waited (or even had

to wait) more than about ten seconds. Since few of their

questions posed problems or demanded hypothesis, pupils were
quick to respond. See also TPA, B2, B3 and G2.

B7. How often do you follow the answering of questions with en-
couraging remarks?

ALWAYS 1/1 OFTEN 4/2 SOMETIMES 2/0

There is a disparity between these responses and observations.

See TPA, 13,

Responses continued overleaf ...
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Responses continued:

B8. How do you discipline pupils?

SCOLDING 0/2 HIDING 0/1 EXTRA WORK 3/0

NO REPLY 6/0

Why do you discipline pupils?

BEING CARELESS, DISOBEDIENT 3/1 BEING NOISY, UNRULY 3/3

This was clearly a sensitive issue with teachers. By the time
of the feedback meeting, most had become aware of our attitude
to corporal punishment, even though they thought we were silly.
Thus we feel that the answers above are not a true reflection
of classroom practice as talked about in interviews and ob-
served in schools.

Use of the Teacher's Guide

Demonstration technique

Most responses here were in full agreement with observation, and
with the responses in TPA, sections C and D.

Using the worksheets

Generally there was agreement with observations. Teachers commented
that pupils sometimes found it difficult to follow the language in
the worksheets, but that on the whole they understood them. Other-

wise responses are similar to those in TPA, section E.

Using the Kits

Fl. How were the groups selected?

BY TEACHER 6 BY PUPILS 2

How were the leaders selected?

BY TEACHER 3 BY PUPILS 5

The Project had no definite policy on the selection of groups.
Observers noted however that when groups were selected on the
basis of ability, weak groups tended to suffer.

Responses continued overleaf...
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Responses continued:

F2. Do you think that pupils enjoyed using the kits/doing practical
work?

YES 8/3

Teachers noted that pupils played games with the kits, e.g., the
balance kit. Sometimes they would fetch the kits without being
asked.

General (cf. section H in TPA)

Gl. Were you interested in the topic covered?

YES 8/3

How strong is your background on the topic?

GOOD 4/0 AVERAGE 1/0 WEAK 0/1 NO REPLY 3/2

Did you feel confident with the practical work?

YES 8/1 NO 0/1 SOMEWHAT 0/1

Did you feel comfortable with questions from pupils?

YES 6/2 SOMEWHAT 1/1 NO REPLY 1/0

Teachers felt happy with their ability to teach the topic.
They felt that the content courses helped them to handle the
topics adequately.

G2. Were the pupils interested in the topic?

YES 7/3 NO 1/0

Were the pupils comfortable doing practical work?

YES 6/2 SOMEWHAT 2/1

Agreement with observation was quite good, but control teachers
were more impressed than observers with their pupils' interest
and ability. See TPA, H1 and H3.
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