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SUMMARY

The kibbutz is an Israeli collective settlement 
which is characterised by:
i. Group living
ii. Communal ownership
iii. Co-operative enterprise
iv. Communal childcare and education
V .  Non-selective school system

Kibbutz children often tend to:
i. Lack learning motivation
ii. Be reluctant to work independently.

A course in biology was designed to increase
learning motivation and independent learning among the 
kibbutz high school students. Microbiology was chosen 
as the subject matter of the new course to extend the 
existing biology curriculum, and because it can be relevant 
and interesting to the target population.

A modular course "Micro-organisms and man" was 
designed. The learning material was divided into two 
parts :
i. Compulsory, core material
ii. Elective learning material

The learning strategy of the innovation included:
i. An integrated sequence of modes of learning
ii. A variety of learning media with an emphasis on 

audio-visual aids.



A case-study was carried out in an experimental 
school, designed to gather information about the suita
bility of the materials and learning strategy for the 
10th grade students.

The trial showed that the microbiology course was 
feasible and suitable for the kibbutz high school 
population.

field study was carried out in six trial schools. 
An illuminative and formative style of evaluation was 
used. Data collecting procedures included interviews, 
observation, opinionnaires and tests.

pigigx The major findings of the evaluation study indicated 
that :
i. The modules were suitable
ii. The subject matter was interesting
iii. Independent learning by students increased
iv. Learning motivation of students improved
V .  Management problems still existed, mainly with

independent learning, 
vi. Various implementation routes were possible.

During the diffusion and dissemination process 
several patterns were observed:
i. Official, unofficial and semi-official channels 

were used.
ii. Personal and impersonal, accidental and planned 

communications took part.



iii. Local, regional and national workshops were held.
iv. A locally-based course became a part of a national 

biology curriculum.

Future developments could include:
i. A pre-training course for teachers and laboratory 

assistants.
ii. Improving the management system by revising the 

Management Guides and by other means.
iii. Maintaining research on the diffusion and dissemina

tion processes.
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1.1
CHAPTER ONE

NEEDS OF STUDY

The design of a learning course is closely related to the 
social-economy structure of the target population.

In the following chapter I shall describe the three main 
areas of concern which guided the design of the modular 

course in microbiology:

a. The Kibbutz
b. The Kibbutz education system

c. Teaching biology in Israel and in the Kibbutz schools

a. The Kibbutz
A Kibbutz is an Israeli collective settlement, usually 

agricultural and often both agricultural and industrial.
Each kibbutz is a community which forms a single unit: 
economic, political and social.

The kibbutz is characterized by group living, communal 
ownership and co-operative enterprise. All the kibbutz 
land is owned by the Jewish National Fund and all capital 
goods are owned by the kibbutz, although individuals 
possess a few personal effects. Though a most efficient 
instrument of the agricultural colonisation, kibbutz 

collectivism is based on moral rather than on pragmatic 
grounds.

The kibbutz believes that communal ownership prevents 

the development of economic classes and social inequality. 
Similarly, co-operative enterprise is believed to promote
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brotherhood and freedom by muting the more vicious aspects 

of a competitive economy (Spiro, 1965).

From its very inception the main purpose of the kibbutz 

movement was to create a new way of life in Israel.
The main kibbutz tenets can be summarised as follows 

(Barkai, 1977):
a. All kibbutz property is held in common. Producer 
goods are operated by the community, as are some consumer 
goods, other consumer goods are distributed for personal 
use.
b. The kibbutz abides by the principle of 'self labor*, 
that is the principle that hired labor should not be
employed.

c. The kibbutz seeks to maintain equality in the 
distribution of real income.
d. The kibbutz maintains communal child-care and 

education.
These tenets are the operational bases of the kibbutz 

attempt to translate socialist principles into every-day 

practise.
The kibbutz is first of all a voluntary association of 

people living together in a community that integrates 
production and household functions. These dual functions 
of the kibbutz are carried out by means of complicated 
mechanisms. The main features of these mechanisms, which 
have evolved gradually in response to practical needs, can
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be visualized with the help of Figure 1
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HCilJKE 1. The oigaiiization of the kibbuu.

In the half-century of their history the kibbutzim have put 
their imprint on the evolution of Zionist and socialist 
ideology and thus on Zionist and socialist politics. The 
extraordinary position which the kibbutz movement has 
acquired and maintained more or less since the early 1920s 
is due to its role as the pioneer of the Zionist resettle
ment of the country and also to its unique socio-economic 
features as a collective, based on voluntary membership.
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In spite of its prominence the kibbutz movement is, and 

always has been, small. The beginning of the kibbutz 
movement is usually considered to be the founding of Degania 
Aleph in 1909, but the kibbutz became viable only in the mid 
1930s. The kibbutz population rose rapidly from 4,000 in 

1930 to 26,000 in 1940, and was approaching the 100,000 
mark by the early 1970s.

The growth tendency is shown in Fig 2.

Fig 2 Kibbutz population and membership; 1930-1971

Year No of 
settlements Population Total

members

Kibbutz 
pop. as 
% of 
Jewish 
popula
tion

1931 30 4,391 3,917 2.5
1940 78 26,554 16,921 3.6
1945 97 36,883 20,042 6.7
1954 212 75,664 34,451 5.0
1965 222 85,753 45,787 3.8
1971 231 98,797 52,533 3.8

(Barkai 1972)
The kibbutz settlements are organized by several federa

tions, on the basis of varying ideological and structural 

criteria, but their similarities are fundamental. Today, 
in 1981, there are two main kibbutz federations: The United
Kibbutz Federation (60%) and the Kibbutz Artzi Hashomer
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Hatzair (34%). The latter is politically more orientated 

to the left and has a different educational setting in the 

high school age (details in the next section).
b. The Kibbutz Education

The communal childcare and education is probably one 
of the most characteristic features of the kibbutz.

It is a communal setting with a system of collective 

education and co-operative child rearing. The emphasis on 
collective ideals constitutes an important factor in the 
development of the educational system, which is closely 
related to the specific kibbutz social structure (Eisenstadt, 
1967).

The specific feature of the kibbutz education is the 
fact that the children live in communal nurseries with age 
peers, where they are reared by "nurses", nursery teachers 
and teachers, rather than by their parents. Full communal 

child care and education accordingly, begins in infancy and 
offers a comprehensive education from the infant-house, 
through kindergarten to primary and high school. In the 
last 10 years nearly 30% of the kibbutzim, mostly from the 
United Kibbutz Federation, changed to a different system. 
Children up to the age of thirteen now sleep in their 
parents * flats and stay in the childrens * houses only during 
the day time; from 7 a.m. until 4 p.m. All other educational 

functions remain as before.
Whatever the differences between the kibbutzim, the
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characteristics of the educational system are common to 
them all:

a. The responsibility for education lies not only with 

the family but becomes the responsibility of the 
kibbutz society.

b. The kibbutz school system is non-selective. Every 
child is entitled to the educational facilities 
provided by the kibbutz.

Primary Schools

From age six to twelve the kibbutz child attends a 
Primary school within the kibbutz. He lives in special 
quarters among a year-group of 20, with a teacher-leader 
and house-mother, who remain with the group until high 
school. These quarters include a classroom, dining room, 
bedrooms and bathrooms. The children remain in this 
house until they reach the sixth grade (age 12). This 
age has some indication to the Jewish religious cele
bration called Bar Mitzva, which marks the religious 
adulthood of a boy on his 13th birthday. From now on he 
is more responsible for his behaviour and he moves to 
another educational setting, to a high school.

High Schools
Entry into high school marks an important point in the 

lives of the kibbutz children. There are several important 
differences between the structure of the high schools within
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the two main kibbutz federations :
a. In the Kibbutz Haartzi (30% of the kibbutz population) 
the children leave the primary school and its dormitory 

at the age of twelve and enter the combined junior- 
senior high school, called MOSAD. The Mosad is erected 
in co-operation with from two to four other neighbouring 
kibbutzim and is physically separated from the kibbutz.
On the campus there are dormitories, classrooms and 
laboratories etc. The children stay at this boarding- 
type high school for six years. The children visit their 

home-kibbutz only for work assignments and at weekends.
b. In the United Kibbutz Movement the educational 
ideology encouraged the settlements to establish high 
schools in each kibbutz. Since the kibbutzim did not 
grow fast enough, the student and teacher population was 
not sufficient to maintain a reasonable high school. 
Instead of small high schools in each kibbutz, larger, 
regional high schools were established. The schools 
are situated in one kibbutz in the region and are day- 
schools only. The children come by school bus from more 
than ten different kibutzim. They arrive in the morning 
and return home in the early afternoon. The local, 
intimate atmosphere of the small school climate was 
changed into a more formal one. More emphasis is given 
at the regional schools to formal achievement and there 
is a demand for official matriculation examinations.
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Until the early 1960s only few kibbutzim permitted their 

children to take external matriculation. The explanation 

was that there was no need in the kibbutz education 
system for external recognition or acknowledgement.

The instruction given at the high schools is mainly 

shaped by social, economic and political needs. The 
curriculum emphasis is on a rather broad liberal 

education and contains humanities, sciences, art and 
physical education.

It also embraces extra-curricular activities, to 
allow every child to develop his intellectual and 
artistic potential.

Along with 5 days a week study at the school, the 
high school children are expected to work one day per 
week on the kibbutz, in almost every branch of the 
kibbutz economy.
In my work with students in kibbutz schools I very often 

faced two problems, which derived from the kibbutz education
al philosophy;

a. Learning motivation
The school has to press for a high level of learning 

and achievements and stimulate motivation on one hand, 
and on the other hand preserve the learning frame and 
an atmosphere which is free of pressure. This fits the 
ideals of an equal and democratic society, such as a 
kibbutz, which has to provide all its members with equal
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opportunities (Dar, 1975).
This is a unique educational setting where achieve

ments, grades and formal examinations do not have the 

same impact on the student's social status as they do in 
the city schools.< A student's motivation for learning, 
therefore, has to be mainly a result of the interaction 
between his personal interest in studying, the way of 
teaching, his attitude to his kibbutz (group) society and 
his relation to his teacher.

Spiro (1972) describes many examples of lack of 
classroom motivation among the students at the Mosad- 
type high school, with no great desire to study, a lack 
of intellectual interest and a preference for social 
activities rather than learning activities. Among the 
reasons for this behaviour Spiro takes into account the 
absence of selective promotion and more formal incen

tives. She also found that in spite of the fact that 
classroom motivation is not intense, it is not entirely 
absent. The intellectual activity actually has an 
intrinsic value for the students and has to be encouraged.

In my teaching experience in the kibbutz high schools 
I also very often found that learning motivation is 
unsatisfactory. The educators were aware of this 
phenomenon and therefore are, and were in the past, 
searching for ways and methods to increase the intrinsic 
as well as the extrinsic motivation. One of these methods
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it seems to me, is a more suitable, challenging learning 

material and teaching approach,
b . Independent learning

In the communal way of life the children spend most 

of their time together, coping and solving problems 
together. The result of this communal life is the 

ability of the kibbutz children "to work well with others" 
There is, no doubt, a high educational achievement. But 

on the other hand, as Bettelheim (1969) explains, the 
kibbutz children have trouble expressing themselves and 
as individuals they are most difficult to reach, by 
themselves or by others.

Independent behaviour has two faces, self-reliance 
and responsibility. The kibbutz children at work show 
both factors.

The kibbutz children perform their work assignments 
efficiently and carry them out responsibly and often 
without adult supervision.

This picture changed in their classroom work. At 

primary, school the children are greatly dependent upon 
the teacher and usually demand his attention and help 
(Spiro, 1972). Even at high school level this same 

characteristic behaviour has been noted, i^e.dependence on 
the teacher when confronted with difficulties. The 
students are also quite reluctant to engage in individual 
activity and much prefer to be involved in group projects.
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The impression is, therefore, that in the kibbutz 
educational setting, many students are unwilling to 

cope with various learning problems by themselves.
It seemed to me that there was an urgent need for more 
independent learning at the kibbutz high schools. This 
approach could give more opportunities for coping with 
learning problems and thus strengthen the student's 
self-confidence.
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c. Teaching Biology in Israel
Before the establishment of the state there was no 

specific curriculum and biology teaching was interpreted 
as familiarizing students with nature and natural 
phenomena, mainly through field trips and work in the 

school gardens (Smoly, 1952).
The first specified curriculum in biology appeared in 

1940 and was organised along traditional subdisciplines - 

zoology, botany and the human body (Barash, 1940) .
Since Israel was re-established in 1948 as an inde

pendent state, the study of nature together with agricul
ture has been one of the important aims of the educational 
system. This aim becomes a symbol of the reunion of the 
nation with its own country.

The kibbutz movement was a pioneer of this approach 
and in the Kibbutz teacher's training the teaching of 
Nature was one of the main goals. Even today, in 1981, 
the Kibbutz teacher's training college, affiliated to the 
Haifa University, has a wide range of biology subjects in 
its training curriculum.

The method of teaching was by lectures and demon

strations. Kibbutz schools and agricultural high schools 

were an exception, where considerable time was devoted to 
animal and plant physiology and where the learning was 
based on students' laboratory work. (Kugler, 1947).

One major problem in science teaching was a lack of
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textbooks and reading material. Hebrew science books 
were rare and so were scientific articles. In the fifties 
and sixties the study of natural sciences in most high 
schools in Israel suffered from lack of laboratory work as 
well as from inadequate presentation of the nature of 
science in general and of its separate disciplines in 
particular (Tamir, 1972).

In 1964 a group of high school biology teachers, 
including kibbutz biology teachers, under the guidance of 
Prof. A. Poljakoff-Mayerber from the Hebrew University, 
began to work on a local adaptation of the B.S.C.S. 
(Biological Science Curriculum Study) yellow version.

In 1973 more than 60% of high school biology students 
were using BSCS material. The BSCS program has been most 
highly regarded by kibbutz biology teachers. This favour
able attitude of the kibbutz teachers is in agreement 
with a long tradition of more laboratory orientated 
teaching in the kibbutz high schools (Tamir, 1975).

The process-orientated science curriculum considerably 
improved the teaching methods in biology (Jungwirth, 1971).

But in spite of this improvement the frontal approach 
still remained the most popular one in Israeli high schools 
(Halevi, 1971). The teaching practice was orientated 
towards the 'average* student and as Tamir reports (1975), 
even the BSCS teachers do not believe that the BSCS 
adequately provides for differences in student ability.
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The kibbutz high schools are non-selective schools. 

Their student population usually comes from more than 10 
kibbutzim and includes groups of children born in the 
cities and those coming from under-privileged families. 
These children live in the various kibbutzim and are 
educated together with the kibbutz children. Therefore 

in each regional school the student population is very 

heterogenous and there is an urgent need for a more 
individualized approach to learning.

The BSCS program, implemented in the 10th, 11th and 
12th grades in most kibbutz high schools, could not 
supply the appropriate answer to a need of more 
individualised learning.

The learning techniques involved in BSCS teaching 
were merely based, according to Tamir (1975) findings, on 
the teacher’s lectures, which sometimes used wall charts 
or diagrams. Very occasionally a 16 mm film was used in 
the classroom and in the lessons there was seldom an 
opportunity to work in small groups. The laboratory work 
was based on one textbook only as was the background read
ing, and the role of the student was a very passive one.

In the seventies new science curricula were developed 
for the Junior high schools (ages 12 to 14; grades 7 to 
9). But for the Senior high schools (ages 15-17; grades 
10 to 12) no alternative programs were available.

The kibbutz teachers constantly strive to find new
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methods to replace the more traditional approach and many 
biology teachers in the kibbutz movement have developed new 
learning material or adapted existing material. These 
important initiatives were only effective on a small scale 
and were not available for the kibbutz schools as a whole.

Being aware of the two fundamental needs of the kibbutz 

high school students, which I described in the previous 
sections, i.e. a need for:

a. more challenging, motivating learning material
b. more opportunities for individual and independent 

learning
I dedicated my efforts to seeking new learning techniques 
in biology. I adopted and implemented Prof. H. Epstein's 
approach - "Analysing Research Papers" Epstein, 1970 and 
developed exercises for developing creative thinking in 
biology (Lazarovitz, Huppert, 1980). These and others of 
my attempts were sporadic in nature. An Audio-Tutorial 
course called "The Cell" was developed as my Master in 
Science Education research thesis (Huppert, 1978). This 

course was based on the Postlethwait Audio-Tutorial approach 
to learning and incorporates independent learning strate
gies and multimedia learning.

These learning units were tested in 1977-78 and are 
taught today in many kibbutz high schools as well as in 
some city high schools in Israel.

Even in the early stages of the implementation of the 
A-T course "The Cell", I was well aware of the fact that this
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approach emphasised independent learning but neglected 

other learning strategies such as class and group learning. 
As I mentioned before, the kibbutz way of life enhances 
the children's ability to work together. The Audio
tutorial approach gives only a few opportunities to make 
use of this advantage. The interaction between the 

class and the teacher, which take place in class discussions 
and class projects, was missing in this approach.

Therefore it seemed to me that there was a need for a 
biology course which would include an integrated variety 
of learning strategies, as class, group and individualised 
learning.

In coming to design a high school biology course, the 
choice of subject matter has to be considered. The course 
content should also fit the existing biology curriculum, 
designed by the Ministry of Education, but this was not 
the sole concern guiding my choice.

From my own experience in teaching I knew that micro
biology was taught at high school level in an inadequate 
way. (Tamir (1981)) asked 300 12th grade students about 
their attitudes and preferences toward different biological 
subjects. Microbiology was considered one of the least 
popular and least studied subjects in their high school 

career. Tamir's findings show a true picture of the 
status of microbiology in the Israeli high school biology 
curriculum.
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The study of microbiology is the study of micro

organisms and their activities. The metabolic processes 
of micro-organisms follow patterns that occur among higher 

plants and animals. In unicellular organisms all the life 
processes are performed within a single cell, therefore 

we can observe these life processes in great detail, even in 

a school laboratory. (Pelczar et al, 1977).
The principles of biology can be demonstrated through 

the study of microbiology because micro-organisms have many 
characteristics which make them ideal subjects for the 
investigation of biological phenomena. (Kluyver, Van Niel, 
1956).

Micro-organisms are usually thought of solely in terms 
of the damage they cause to humans, farm animals and crops. 
But there is a wide range of useful micro -organisms and 
their impact on human life is immense.

To all these concerns we can add the educational value 
of the practical work involved in microbiology studies.

As a result of these facts I decided to develop a 

microbiology course with the emphasis on the positive 
effects of the micro-organisms on man.
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d. Summary
Summarising the needs of my study I would like to focus 

on two areas :
a. The needs of the kibbutz high school student 

population
b. The learning problems in biology at high school 

level in Israel.

a. The unique kibbutz education philosophy, i.e. the 
collective education and the absence of selective promo
tion and formal incentives, created a need for developing 
learning material and teaching methods, which would 
increase the independent learning possibilities and the 
intrinsic learning motivation amongst kibbutz high school 
students.
b. The high school biology curriculum BSCS was introduced 
into Israeli schools 15 years ago. This process- 
oriented biology curriculum considerably improved the 
teaching methods in biology, but did not adequately 
provide for differences in student ability. There was
a need for a biology course, partly based on the BSCS 
learning content, but with a more challenging, motivating 
learning material and with a greater variety of learning 

strategies.
c. Microbiology was not emphasised enough in the existing 
curriculum, therefore the new course developed was focused
upon this subject.
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In Israel little had been done in developing modular 

courses for independent learning in biology for the senior 

high school level. In fact, this modular course is the 

first attempt to generate a modular course in micro
biology in Israel.
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CHAPTER TWO 
Learning strategy

Two fundamental needs of the kibbutz high school 

students were explained in the previous chapter:

1. The need for a more challenging, motivating learning 

material.
2. A need for more opportunities for individualized and 

independent learning.
In coming to design a high school biology course, 

which has to meet the needs mentioned above, an appropriate 

learning and teaching strategy has to be developed. An 
additional assumption was also taking into account; the 

range of ability in the high school population is quite 

heterogeneous.
The learning strategy of a course can be considered 

under the following,headings :

a. The use of modes of learning

b. The use of learning media

a. The use of learning modes

The author's previous experience in developing an 
Audio-Tutorial biology course, where the individual learn

ing was the main learning mode, showed the need for an 

interaction between the learner and his peers, between the 

learner and the whole class, and between the whole class

and the teacher (Lazarovitz, Huppert, 1981). Students
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suffer from isolation and monotony in individualized 

classes (Reed, 1974, Shavelson and Hunger, 1970). 

Individualization has also resulted in students missing 

an important part of their total education: the social

contact with their peer.
Bailey (1975) also suggested that a balanced instruc

tional strategy is needed in which social experiences 
could be offered in addition to individualized learning.

As mentioned in the previous chapter the kibbutz life 

enhances the childrens' abilities to work together. 
Therefore this aspect should also be taken into account 

in planning the learning strategy of the new course.
Microbiology was chosen as the biology subject of the 

course, for reasons mentioned in the previous chapter: 
microbiology was not studied extensively in the high 
schools, it is relevant to the target population, etc.

The learning material could be organized into several 

Modules. Each Module represented a separate learning 

unit. Each Module could be further divided into two parts 

a core material, obligatory to all students, and an 

extension, elective learning material. One of the aims of 

this elective design could be to enable the students to 

choose learning units appropriate to their developmental 
level and to their interest, thus assuring a high degree 

of motivation to learn and success in learning.
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Using this modular approach the learning material can 

be structured into a greater variety of learning topics 

or themes and the various learning units can be now used 

in a flexible manner. (More details are given in 

Chapter 3, Modular course).

Based on the various assumptions and findings, the 

learning strategy of the modular microbiology course was 

designed as an integrated sequence of modes of learning, 
such as: independent learning, group work and class 

activities.
i. Independent learning

The different aspects of individual learning is 

described by Harris (1979) as follows:
1. ’Self instruction’ refers to a formal organised
structured sequence of learning material.
2. ’Independent learning’ indicates that the decision

on strategy sequence, content and assessment are
made by the learner independently.

The spectrum between the two aspects of individual 

learning is wide and therefore it is difficult to describe 

the extent of independent learning designed in the biology 

course. Different types of individualization were used 

in the various learning assignments along the learning 

units of the course.
Royce and Shanke (1975) distinguished between a truly 

"individualized" instruction, in which students choose 

learning goals and methods and decide how much time to
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spend on a topic, and "self-paced" learning in which 

students are given a more-or-less set curriculum, but 
have some flexibility in determining how fast they will 

move through the material.
Also theoretically, self-paced instruction and 

individualised instruction are quite different, they 

become so mixed in practice that it is virtually 

impossible to differentiate them in literature.

In this research we preferred to use the term 

"Independent learning" which usually is synonymous, 

with self-pace instruction and with elements of 
individualisation.

The learning strategy should be student-oriented. The 
approach attempts to change the classroom towards a 
"student-oriented" atmosphere and has the characteristics 

that each student:
A. is actively involved in the learning process.

B. is allowed to proceed at his own pace.

C. is encouraged to acquire independent learning habits.
D. has the opportunity to develop a sense of responsibil

ity for his own learning.

This learning strategy should give the student the 

opportunity to be exposed to the learning material, to a 

large extent, without the teacher’s mediation. The 

student has to be exposed to assignments, problems and 

activities which demands his own reasoning and decisions.
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The change from traditional instruction to individual

ized instruction may create a problem to the students: the 

need to demonstrate self-discipline in persuing indepen
dent study.

Some evaluators of independent study were concerned 
about students procrastination (Nelson and Bennet, 1972, 

Bamberger, 1979). Idling could also take place if the 
learner does not have enough self discipline.

In spite of knowing the possibilities that such problems 

can arise the modular course was mainly designed using 

independent learning.
ii. Group work

Three group activities were integrated into the 
learning system:
A. The various group units could be performed by a small 

group of students (two or three pairs). Different assign
ments, which had a common denominator, could be executed 
by different students and summarized with the whole group.

B. The main group activity designed will be the group- 

presentation of the elective units. Pairs of students 

which will study the same learning unit and complete it 

approximately at the same time, should prepare and present 

together a report to the whole class.

C. Various small-group discussions will be initiated by 

the teacher during the independent sessions of the course.
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iii. Class activities
The class activities will be an important component 

of the integrated system of learning modes.

A. The introductory class session, introducing the main 

topics of a new module, should be performed by the teacher 

as a lecture, or a lecture combined with showing a 16mm 

film.
B. Consolidation class-discussions. These class- 

discussions will be designed to take place during the 

independent phase of the learning process (see Table No.1 ). 
The objective of these activities is to bring up the 
various learning topics studied by different pairs of 
students, to a comprehensive level of understanding.

Another objective of these discussions is to achieve 
an overall picture about the particular module, because 

pairs of students studied different elective learning 

units.

C. Other class activities could be planned for summarizing 

the various Modules, such as: baking cakes, visits to a 

Wine-cellar, Beer-brewery, etc.
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The various learning modes will be designed to be 

used in the following fixed sequence:

Table No. 1
The sequence of the learning modes (a scheme)

1. Class activity

2. Independent learning

3. Class activity
4. Independent learning

5. Independent learning

6. Class activity
7. Group activity

8. Class activity

Introductory phase

Individual study: phase 1 
Core unit

Consolidation discussion

Assessment phase 1: 
Achievement test-core unit
Individual study:phase 2 

Elective units
Consolidation discussions
Assessment phase 2

Students' presentation
Summary phase of the Module

b . The use of learning media

A multimedia system will be introduced into the 
learning strategy of the course. Various media, such as 

student's workbook, investigations, slides, film-loops, 

transparencies, chemical models, reading passages, self- 

assessment, questions could be used in a structured manner 

in order to make the new biology course more exciting and 
efficient.

The variety of learning media can provide new learning 

stimuli and also make the learner more independent and 
more active.
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(1) Student Workbook

The independent learning requires different learning 
media than a didactic approach. The individual pace of 

progress of the learner needs a structured, detailed 

instruction book where the learner can find all the 

information he needs, in order to progress step by step 
through the learning material. In this instruction book, 

called in the Modular course. Student Workbook, all the 

necessary instructions should be included to carry out the 

various assignments.

The workbooks will 
be designed for indivi
dual use, and each 
student should have 
his own workbook, but 
it is recommended that 

they work in pairs, in 
order:

i. To enhance inter

action between students

ii. To moderate the

ItoAnlar -

Matal* t

laitreAaatloa to Mterobloleor

looTDla» Ohlt I

B Z O L O C T  or M I e R 0 0 R 0 A H I S M S

Bopport f.
Rocloaol Setieol Eef Eooozaol 
Woogma Utehaol

management problems   ________

with the laboratory equipment

iii. To lower the costs of the course

(2) Audio-visual material

Audio-visual material can be very useful in 

independent learning. A part of the special value of a
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picture, or a sound in the learning process, the active 

manipulation of the audio-visual equipment can be very 

motivating. The a-v material, such as: slide series,

8mm film-loops, transparencies and recorded commentaries, 
will be designed and developed for individual use. (or in . 

pairs).

Several 16 mm films were provided to be shown to the 

students only as a whole class, in the introductory or 

summarizing class sessions. (More details are given in 
Chapter 3).

(3) Investigations and other learning media

The investigations will take up the major time in the 
learning activities of the biology course. They will be 
designed to be performed according to the instructions 
written in the workbook, individually or in pairs.

Building various chemical models, such as structures 
of sugar molecules, amino-acid molecules, can also be 

incorporated into the various learning units,

c. Summary
An overall picture of the learning strategy is given 

in Table No. 2.



2.10

Table No. 2

The learning strategy of the modular course

MODULES
------------ ;

MODES MEDIA

Class units
\

Independent Workbooks
(core) learning

Group units 
(elective)

Group work Investigations

034J Class Audio-visual
s
§

activities material

1Ü
Models

Reading passages
Self-assessment 
questions
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CHAPTER THREE
THE MODULAR COURSE

a. Introduction

The development of the modular course "Micro

organisms and Man" was based on several assumptions and 

conclusions drawn from analysing the needs of the kibbutz 
school student population:
(1) There is a need for learning material in biology, 
which can offer more independent learning and which will 
increase the learning motivation among the students.
(2) Micro-organisms have many characteristics which 
make them ideal subjects for the investigation of biologi
cal phenomena and also their impact on human life is 
immense. As micro-biology was not emphasised enough in 
the existing biology curriculum, the new course should
be focused upon this subject.

b. The Modular Approach
The modular approach was chosen as a way of organising 

the learning material, for the following reasons:
(i) The use of modules provides the opportunity for 
organising learning material in a self-contained and 
independent unit of instruction. This provides a 
necessary structure for students and at the same time 
offers considerable flexibility for the students and 

teachers.
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The advantage of the flexibility of a modular lay
out is also referred by Dowdeswell (1981), since each 

module can be used on its own or as a part of a sequence.

This flexibility is important when dealing with 

heterogenous groups of students and enables the teacher 

to organise the learning material in diversified routes, 
according to the abilities and interests of the students. 
Woolnough (1981) and Adar (1981) warmly recommend a high 
degree of flexibility in a curriculum for mixed-ability 
groups.
(ii) The modular approach offers avenues for individual
ized instruction. As stated by Creager and Murray (1977), 
the modular approach offers the following opportunities 
for individualized study:
A. The student has control of the rate of study.
B. The student is not forced to cover materials which
are familiar to him.
C. The student has the opportunity to be involved in
the learning process and so his commitment to the task 

is likely to be enhanced.
D. The student has the opportunity, as a consequence of 
the previous statements, to develop a sense of respon
sibility towards his learning.
E. Last but not least - the modules create a program 
which encourages student’s activity.
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(iii) The modular approach reduces the routine aspects 

of instruction and offers the possibility of using 

various learning modes in a structured sequence (details 
in Chapter 2, Learning Strategy).

Several modular programs in science have been devel

oped in the last 10 years; at the college level (Husband, 

1978, Hammond and Roach, 1978, Hetherung et al, 1981) and 
at the high school level, (Bryant, 1974, Page, 1979,
BSCS Human Science Program, 1980, Fairbrother, 1979).
c. The Subject Matter - Microbiology

From the beginning of human history micro-organisms 
have exerted a profound effect on the life of man. They 
have benefited him; they have harmed him and they have 
altered the course of his political and economic affairs.

The nature of growth, reproductive capacity and bio
chemistry of many micro-organisms makes them of great 
economic, social and médical importance. Micro
organisms also possess many features which make them ideal 
subjects for practical exercises in school.

Micro-organisms are usually thought of solely in terms 
of the damage they cause to humans, farm animals, crops, 

clothes and food. Yet without micro-organisms life, as 
we know it, would be impossible. Microbial processes 
have been used by man since prehistoric times in the 
preparation of food, drink and textiles. The impact

of micro-organisms on agriculture is immense.
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These and other beneficial aspects of the activities 
of micro-organisms can be made interesting and attrac
tive to the learner and therefore they were chosen as 

the topics for the modular microbiology course,
d. The Structure of the Modular Course

The scope of microbiology is very broad and even 
the decision to deal only with the beneficial aspects of 
micro-organisms did not narrow the scope.

There was no intention of covering all the bene
ficial aspects of micro-organism activities in this 
course. The nature of a modular program makes it 
possible to develop well defined topics as independent 
units and to build up successively a pool of learning 
units, which will cover a wide range of topics within a 
particular subject matter.

During the field test, teachers were encouraged to 
develop new units and thus to enlarge the pool of learn
ing units.

Four modules were designed, with an introductory 
module followed by three alternative modules. The 
introductory module presents the pre-requisite concepts 
and techniques for the alternative modules. These were 
designed to provide a variety of routes for acquiring an 
understanding of the concept of beneficial aspects of 
micro-organism activities.

Note: The main references of sources used in preparing

the learning material is given in app. no.3 d
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All students were required to study the Introductory 

module.

A diagrammatic representation of the modular course 

concept is given below, using the structure of a Diatom 

as a model.

e. Diversified Modules

The modular program was designed for a hetero

genous student population, where there is a large range 

of performance and development. To take account of the 

different abilities and rate of progress of pupils, a 

model was used, termed by Woolnaugh (1981) the "branching 

model". According to this model everybody covers the 

core of the learning material with the opportunity of 

branching out into extension material. A similar pattern 

was also used in the Scottish Integrated Science Project 

(Kellington and Mitchell, 1978).
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The extension material was organised into several 
optional learning units, called in the modular course - 

GROUP UNITS and were freely chosen by individuals, pairs 
or groups of students. The group units were an integral 
part of the module and occupied between 30% to 50% of 

the study time. The design of the optional, elective 
units was guided also by the assumption, that student 

free-choice of learning material increases the intrinsic 
motivation in learning.

We avoid calling the elective units "optional" or 
"extensions" because of the connotation attached to 
these names. The intention was that each student would 
perform at least one group unit in addition to the core 
unit, referred in the course as the CLASS UNIT. In 
addition to the class and group units various extension 
activities were prepared and incorporated into the 
different learning units. These extensions were optional 

The diversity of the modular program was based on 

three routes:
(1) Diversity of subject matter areas; selection of 

group learning units.

(2) Diversity of level of difficulty; each group unit 

was written at a different level of difficulty.
(3) An internal diversity of each group unit.

The application of the various diversification routes 
in the module "Fungi-as Allies", for example, is as 

follows :
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Route one: Diversity of subject matter areas

(i) Class unit : Making Wine
This unit was designed for "average" pupils and 

for the use of all students, as an obligatory unit.
(ii) Croup units

After completing the class unit the students could 
choose a group unit from a selection of four units. The 
subject matter of these units is in close relation to the 

module’s topic - the beneficial aspects of fungi.
Three group units deal with the different aspects of 

the use of yeasts by man: Making Bread, Making Beer and
Protein from Yeasts.

The fourth unit deals with the use of moulds by man: 
The Penicillin.

Various short-term activities were suggested in each
unit.

Route two: Different level of difficulty

The group units were prepared at different levels 
of difficulty. According to this. Penicillin was suitable 
for the less able students. Making Bread and Making Beer, 
for the average and Protein from Yeasts, for the most able 

students.

Route three: Internal Diversity of the Croup Units
By preparing the group units at different levels of 

difficulty, the less able student could choose only one
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group unit. After executing the trial-test another route 

was suggested: that was the possibility of choosing a
unit from a selection of four, but each could be 
approached in different ways.

For example, when a less able student decided to 

study a group unit written originally for the most able, 
he was advised to perform only a part of the activities 
included in the unit. The Management Guide (a p p . 3a), 
which was developed after the trial test, includes a 
Management Sheet with a suggested sequence of learning 
activities, according to the ability of the student.

An example of a Management Sheet and an overview 
of the Diversification routes is given, as follows.
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MANAGEMENT SHEET

Module: Fungi - as Allies

Group unit: PROTEIN FROM YEASTS

0  0IND GROUP
90 160 220 

M.T.R. (= Minimal Time Required)

List of activities

No
1
2

3

4

5

Content

Introduction

Something about proteins

Comprehension questions

Why protein from yeasts?

The process of yeast 
extraction

Extraction of protein from 
yeasts

Summary

Way of learning M.T.R 

Reading 10

Reading 20

Answering 20

Reading 20

Slides/tape 20

Investigation 90

Class presentation 30

FLCW CHART OF ACTIVITIES FOR DIFFERENT ABILITIES

0  : 1 ---
1 2

0  : 1— 2

A = less able 

B = average 

C = most able

4 — 5 7

— 3 — 4 —  5  K 7

 3 — 4 — 5 —  6 — >7
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The Modules in detail
The modules were prepared in two editions:
(1) The first edition was developed to be used in the

Trial test, where the feasibility and efficiency of
the learning material was to be tested (see chapter 

Trial Study).
(2) The second edition was based on the former one and

was revised mainly in the light of the trial-test
findings and consequences. The modules were tested 
in several trial schools and in a more real learning 
situation (i.e. in non-experimental schools).

(3) A third edition is now (October 1981) being prepared 
on the initiative of the Ministry of Education 
Curriculum Centre. This edition differs from the 
second edition by including only one extended class 
unit and by offering a choice from a selection of
5-6 group units (see details in chapter Diffusion and 
Dissemination).
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Module One: Introductory Module

The main aims of the Introductory module were:
(i) To acquire the basic techniques in handling 

micro-organisms.
(ii) To provide the student with an understanding of the 

principles of classification of living organisms 
and of micro-organisms in particular.

(iii) To demonstrate the ubiquity of micro-organisms.
IVo editions of the Introductory module were designed as
a result of the tests.
(A) The first edition of the module consists of a 

class unit and of four group units : "Biology
of Micro-organisms", "Garden of Micro-organisms", 
"Grahm Staining", "Techniques in Microbiology" and 
"Where they come from?". See flow diagram, below:

FLCW DIAGRAM
Module: Introduction to Microbiology First Edition

class unit: ^Biology of micro-organisms

most ableless able average

group units:

Grahm StainingGarden of 
micro-organisms

Where they come 
from?

Research techniques 
in microbiology
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B. The second, revised edition of the introductory

module consists of three class units, with no group 

units. In each class unit short-term extension 

activities were incorporated. These activities 

were also developed in levels of difficulty.

The aims of the second, extended, edition of thç 
introductory module included also the following aims:

(vii) To provide the students with an understanding of 
the principle living processes of the micro
organisms .

(viii) To describe the role of glucose in the fermen
tation process.

(ix) To study the growth curve of bacteria as an 
object to studying the growth process in organisms

(see Flow Diagram on next page).
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FLOW DIAGRAM
Module: "Introduction to Microbiology"

(second edition)

Class units
Less able All pupils Average Most able

Biology of 
Micro-organisms

More techniques

Bacteria in 
the Depth

Grahm Staining

Physiology of 
Micro-organisms

Growth curve
Nutrition
demands

for Life
More about 

ATP

Building Biochemistry
chemical of respiration
models --------------
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Module Two: Fungi - as Allies

The beneficial activities of various Fungi are 
described and studied in this module. The main study 

objects are the various Yeasts and their activities in 

preparing beverages - wine, beer and food - bread. The 
aspect of using yeasts as an answer to the world shortage 

of cheap proteins was also treated in a group unit - 
Protein from Yeasts.

Another group unit is devoted to a different 
representative of Fungi which demonstrated a very important 
contribution to the human welfare: the mould Penicillin.

The learning unit : Making Wine is designed as a
class unit and included, besides the investigations about 
wine-making activities, investigations about enzyme 
activities.

A class project, visiting a wine-cellar, concluded 
the module. The group units were prepared at different 

levels of difficulty.
The main aims of the module "Fungi as Allies" were:

(i) To provide the student with an understanding of 
the yeast activity in making beverage and food.

(ii) To illustrate other aspects of the beneficial fungi 
activities, such as producing antibiotics and 
protein.

(iii) To demonstrate the enzyme activities in connection 
with the fermentation process.
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(iv) To explain the structure of carbohydrates. 

A diagram of this module follows :

Class unit:
less able most able

Group units

Penicillin
Making Beer

Raising the 
Dough

Protein from 
Yeasts
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Module Three: Fermentation
Fermentation is a unique energy-yielding process 

performed by many micro-organisms. Pasteur, who first 

recognised the physiological role of fermentation, called 

it "the consequence of life without air". This an
aerobic respiration is involved in the various beneficial 
phenomena studied in the course. Therefore we felt that 
it was necessary to devote a special learning unit to the 
fermentation process.

This module consists of one class unit, only. 
Extension activities, in two different levels, were 
incorporated into the class unit.

The aims of the module Fermentation, were:
(i) To provide the student with an understanding of

fermentation as an energy-yielding process.
(ii) To describe the role of glucose in fermentation.

A diagram of this module follows:

DClass unit 

extensions : more able
= c
less able

More about ATP

Wine distillation How much energy 
is produced

The biochemistry 
of respiration
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Module Four Bacteria - Farmer’s Allies

The modular microbiology course was designed mainly 
for the agricultural sector of the Israeli High Schools. 

Therefore the impact of micro-organisms on agricultural 
processes and products was of special interest.

The class unit was devoted to the symbiotic interaction 

between the leguminous plants and the nitrogen-fixing 

bacteria. In connection with this process, the structure 
of protein was studied.

The group units covered a wide range of bacterial 
activities which have one phenomenon in common, the 
preserving of food for humans and for animals - Fermented 
Milk, Silage and Pickling vegetables, were the topics of 
the group units.

Another symbiotic phenomena with an enormous importance 
in the nutrition of ruminants, are the cellulose digesting 
micro-organisms. The fourth group unit - Cellulose and 
Bacteria, deal with this beneficial microbial activity.

A class-project, visiting a dairy, concluded the 
module.

The main aims of the module "Bacteria - Farmer's 
Allies" were:
(i) To demonstrate the importance of microbial activities 

in agriculture.
(ii) To provide the student with an understanding of the 

lactic acid fermentation process.
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(ill) To explain the structure of protein and the 
variety of protein in nature.

A diagram of the module "Bacteria - Farmer's allies" 
is shown below:

Class unit: ^Nitrogen Fixing Bacteria)
Group units :

less able average most able

Silage

Fermented Milk
Pickling
Vegetables

Cellulose and 
Microbes

Note:
The English version of the class unit Biology of 

Micro-organisms and the group unit Fermented Milk is 

attached as appendices No3b and No3c

The hebrew version of the modules can be seen in the 
libraries at:
(1) The Israeli Science Teaching Centre, Hebrew University, 

Jerusalem.
(2) Department of Teaching Science and Technology, Technion, 

Haifa.
(3) Curriculum Centre, Ministry of Education and Culture, 

Jerusalem.
A microfilm of all workbooks is attached to the pocket of 
the inside of the book cover of the thesis. (Appendix 3e).
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CHAPTER FOUR

THE TRIAL STUDY

1. Introduction
a. The trial as a case-study

A new set of learning material must be carried through 
many preliminary stages before bringing into use. One 

of these stages is an examination of the feasibility and 
efficiency of the learning material and of the learning 
strategies. The examination can be done by develop
mental testing under real classroom conditions on small 

groups of students which are representative of the target 
population of students (Moore et al, 1978).

The developmental testing can be performed as a 
case-study, which is seen by many educational research 
workers as a way of revealing relevant factors and as 
involving an effort to understand the mechanisms by 
which problems arise (Johnson, 1977). The case study 
is a survey, but narrowed in scope and also more exhaus
tive and more qualitative in nature. Research of this 
kind could provide insights that will help to isolate 
the problems and lead to working hypotheses (Van Dalan, 

1973).
b. Case studies testing new approaches in science

teaching

Many new learning approaches in science teaching have 
been tested by the case study method: The Audio

tutorial approach (Hahn, 1971, Krockover, 1971, Fulton, 
1971), the Multimedia approach (Smith et al 1968,
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Kaplan, 1975) and Individualized learning (N.I.L.I.,

1976).
c . The experimental school

Experimental schools have many advantages for use in 

trials. The school is accustomed to experiments in 

teaching and may be less susceptible to the Hawthorne 

effect (Young, 1967). The teachers' commitment to the 
concepts and intents of the innovatory methods is 
expected to be more consistent, and they are fundamentally 
more sympathetic to research.

The Hof Hacarmel Regional Secondary School, estab
lished in 1971, is an experimental school. The experi
mental aspects of the Hof Hacarmel school include:

(1) Functionally designed buildings which create 
a physical environment conducive to active 
learning.

(2) Individual programs of study selected by the 
students themselves

(3) Implementation of innovatory methods
(4) Adjustment of teaching methods to the require

ments of individual pupils.

It was decided to test the learning modules "Micro
organisms and Man" at this school, and the test was 
carried out with two groups of students from the school.
d. The aims of the case study

The original aims of the trial were to gather
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information about the following areas of interest:
A. Suitability of the learning material, for the 10th 

grade student population in the Kibbutz secondary 
school.

B. Suitability of the learning strategy for this 

population.

e. Methods of collecting information

In order to obtain this information a multi-method 
approach was used. The various methods were used with 
a view to obtaining a descriptive, non-quantitative 
picture of the modular course.
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An overview of the methods used

Methods Aims App No

Diagnostic pre-test testing students’ pre
requisite knowledge

4a

Achievement tests testing students' 
mastery 4b

Interviews with students to obtain general views 
and opinions about the 
course

4h
4j
4m

Questionnaire - students to collect data about 
views and attitudes 4c

Interviews with teachers to obtain general views 
and opinions about the 
course

Teachers' Workshops exchanging views, obtain
ing reactions and sugges
tions about the course |

Ch.
6
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2. Execution of the trial study

a. The learning material

The first draft of the learning modules "Micro
organisms and Man" was developed in Bath (February - 
June 1979) and in Israel (July - August 1979).. The 
learning material consisted of 15 learning units 
organized in four modules. A student workbook was 
prepared for each learning unit. The workbooks were 
typed and stencil-duplicated

Each module consists of a class unit, compulsory 
for all students, and elective group units (details are 
given in Chapters 2 and 3).

An overall summary of the module’s activities, 
see App. No. 4d.

Several audio-visual materials were integrated into 
the units. The majority of the audio-visual material 
was chosen from commercial resources (App. No 4e )
Some slide sequences were prepared by the author and 
so were all the commentaries.

MODULE Learning units A-V material
1. Introduction to 

Microbiology
Biology of Micro- Slide series:
organisms (Class unit) protists (20

slides)
Film loop: 
Staining 
techniques

Carden of Micro
organisms (Croup unit)
Investigation methods 
(Croup unit)
Crahm Staining 
(Croup unit)

Film loop: 
Crahm staining
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MODULE Learning units A-V material

1. cont. Where do they come 
from?
(Group unit)

2. Fermentation Fermentation 
(Class unit)

3. Fungi - as 
Allies

Making Wine 
(Class unit)

Slide series:
Yeasts in the 
Past
(18 slides)

Penicillin 
(Croup unit)

Slide series:
Production of 
pen. (18 slides)

Making Bread 
(Croup unit)

Protein from Yeasts 
(Croup unit)

Slide series:
Protein from 
cells (15 slides)

Making Beer 
(Croup unit)

Slide series
The brewing 
process 
(22 slides)

4. Bacteria - as 
Allies

Nitrogen Fixing 
Bacteria 
(Class unit)

10 transparencies

Fermented Milk 
(Croup unit)

Slide series:
Making cheese 
(15 slides)
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MODULE Learning units A-V material

4. cont. Silage 
(Group unit)

Bacteria and Cellulose 
(Group unit)

b . Duration of the course
The first lesson was held on the 18th September 1979 and 

the last lesson on the 7th February 1980.
16 weeks of study were needed to complete the course;

3 lessons per week, of 70 minutes each.
Summary

Module No of lessons No of weeks
1. Introduction to Microbiology 9 3
2. Fungi - as Allies 14 4%
3. Fermentation 10 3
4. Bacteria - as Allies 13 4%
c. Student population

Two groups of tenth grade students took part in the 
trial. The total number was 43 (26 boys and 17 girls) .

Age range: 15 to 16 years.
d. Teaching staff

Three teachers and two laboratory assistants were 
involved in the trial. During the execution of the course 

some management and other problems arose. These problems
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were discussed once a week with the staff. The staff 
also acted as a panel for taking decisions about the 
learning material and learning strategies.

The views of non-trial teachers on certain questions 

were discussed during the workshop sessions. Five 

sessions of the teachers’ workshop were held during the 
trial-test performance. The trial teaching staff and 
10 to 15 non-trial teachers attended these sessions.
As described in the previous section, the main purpose 
of the workshops was to create a support group of 
educators and also to prepare another team of trial- 
teachers for the forthcoming Field test,
e. Learning strategies

Details about the learning strategies will be found 
in Chapter 2. A short description is given here:

Learning strategies used for teaching the course in 
the trial included: class teaching, independent learning, 
group discussions, class consolidation discussions, 

class projects and students’ presentations. The course 
was divided into two groups of units : Class units (core
units) and group units (elective units).

The learning strategies were used in the following 
specific sequence:
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1. Introductory phase

2. Individual study:phase 1
Class unit

- Class teaching

- Independent learning

3. Consolidation discussion - Class teaching

4. Assessment:phase1- Mastery test _ independent learning 
Class unit

5. Individual study*phase 2

6. Consolidation discussions

7. Assessment :phase 2
Group unit

8. Summary phase of the module

- Independent learning

- Class teaching

- Student's presentation
- Group discussions

- Class project

As an example of the use of the various learning strategies 
ordered in this specific sequence we take a group studying 

the module Fungi - as Allies. The phases are the same 
as in the previous diagram.
Phas e 1
During the first lesson the topic of the module was 
introduced by the teacher using the 16 mm film "Micro
scopic Fungi". After watching the film a class discussion 

was held in order to focus on the different effects of 
Fungi on human life.

Phase 2
Next, the students received a workbook "Making Wine", which 

is a compulsory unit. As all the necessary instructions
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were given in the workbook, the students worked indepen

dently and proceeded at their own pace. Most of them 

worked in pairs. (Photograph 1).

The materials needed for the various investigations were 

available on small trays on trolleys. More written 

material was stored in boxes (Photograph 2). The students

\  ' ' K / ?
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had easy access to all the learning material. The teacher 

instructed the students in the use of the equipment and 

discussed learning difficulties or problems (Photograph 3).

Phase 3

The second lesson and part of the third lesson were devoted 

to the study of the learning unit "Making Wine". The 

last part of the third lesson consisted of a class dis

cussion. The purpose of this discussion was to consolidate 

the various learning topics, problems and questions. In 

order to follow the pupil's day-to-day progress a student's 

record card was kept. (App.4f ). The student indicated by 

a diagonal line the learning activity on which he was 

working and by a second diagonal line whether the particular 

activity had been completed. This recording system helped 

the teacher and the laboratory assistants to organise the 

materials and equipment for the next lessons. (Photograph 4)
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Phase 4

Students who completed the class unit took a mastery test. 

Then they were given a list of 4 group units from which 

they selected one unit for study. The list of the group 

units contained some information about the content and the 

methods of learning (App. 4g ).

Phase 5

After consulting the teacher about their choice the students 

received a group-unit workbook and again proceeded 

independently at their own pace. The materials and 

equipment needed were available on trolleys.

Phase 6
In some of the following lessons further short consolidation 

class discussions were held. There were also brief 

discussions with individual students or pairs of students, 

during the lessons. (Photograph 5).
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Phase 7

Pairs of students, all of whom had worked on the same group 

unit, were encouraged to discuss the outcome of their study 

and to prepare a short joint report to the whole class.

For this purpose the students were encouraged to use trans

parencies which they themselves had made and as well some 

slides from the unit. The aim of this learning strategy 

was to bring the topics of all the group units to the whole 

class, and thus help the students to acquire a more complete 

view of the module as a whole. These reports were presen

ted at the various class discussions.

Phase 8

A visit to a nearby wine-cellar completed the study of the 

module "Fungi - as Allies".
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3. The trial findings
As already mentioned information about the trial was 

gathered by several methods: Pre-tests, interviews,
achievement tests and questionnaire. The original aims of 
the trial were to gather information about the suitability 
of the learning material and the learning strategies. The 
findings will be discussed under these two headings.

In addition to the original aims, it soon became clear 
that many management problems should also be examined.
These will be discussed later.

a. Suitability of the learning material
(1) The subject matter "Micro-organisms was found 
attractive by the majority of students as the results 
of the questionnaire indicates. (App. No.4h ).
(80% negative answers to the item: "The subject 
matter was not interesting" and 86% positive 
answers to the item: "I enjoyed studying the
subject Microorganisms") . In the course of inter
views held with the students during the trial, 
expressions such as "Topics from real life are very 
interesting" or "Never knew before that microbiology 
could be so attractive", were very often heard.

The teachers also found the various topics 
interesting and challenging. They favoured 
introducing microbiology into the biology curriculum 
and suggested the inclusion of more basic micro-
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biological topics:- growth curve, growth require

ments etc, into the core class unit. They also 

proposed an expansion of the introduction module.
At the workshop sessions some teachers raised the 

question of widening the modules by the addition of 

learning units about the pathogenic role of the 

micro-organisms.
(2) Different media of instruction were used in 
the trial, such as reading, laboratory investiga
tions, film- loops, slides, transparencies and the 
building of chemical modules.

Details are given in the following:
i. The printed material i.e. students work
books, extension sheets, test sheets etc., 
proved to be appropriate for the target 
population. Most students interviewed found 
the material clear, readable and understandable 
"1 had no problems in understanding the 

reading passages"; "1 needed only a little 
help to understand the instructions" were 
common student reactions. Some students 
considered the printed material to have been 
poor in quality, especially the pictures.
The teachers were of the same opinion and 
they suggested reprinting the modules using 
an offset process. Some teachers felt the
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need for an additional list of extension 

reading material and for a glossary in some 

learning units.

ii. Audio-visual material was integrated 

into many learning units. The commentary 

to the films and slides was recorded and also 

printed. The students could choose which 

commentary to use.

The students viewed the slides and the 

films sitting at their desks but there was not

enough space on the desk for all the equipment
Photograph No. 6

m i
To cope with this situation special audio

visual corners were arranged in the adjacent 

laboratory. In these corners dll the A-V 

equipment was ready for use.

Not all the students were familiar with 

the use of A-V equipment but they soon learnt
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how to handle it.

With regard to proceeding at their own pace, 
the learning activities at the beginning of 
each class unit were synchronised. As a 
result; the same A-V equipment was needed by 

all the students, at the same time. This 
problem could be overcome by some students 
performing another activity while others 
handled the A-V material. However not all 
the students were aware of this possibility.

The use of various audio-visual material 

was found helpful by the majority of students. 
64% thought it increased their learning moti
vation and 74% that it contributed to their 
understanding of the subject matter. The 
majority of students also found that using the 
A-V media enhanced their interest in the subject 
matter; they also found the recorded commen
tary useful. Student opinion about the A-V 
material expressed at the interviews confirmed 
these findings (app. 4i).

iii. The investigations proved successful.
90% of the students responded positively to 
the item in the questionnaire, that "By 
performing the various experiments independently 
I feel that I increased my self-reliance".

At the interviews the students very often
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emphasised that on that occasion they had 
actually done their own laboratory work and that 

they found it interesting.
Various experiments were carried out 

simultaneously. The materials and equipment for 
these experiments were prepared in several sets, 
on trays, which were placed on trolleys. Since 
several sets of the same material were needed, 
many trolleys crowded the laboratory. Sometimes 
not all the materials, especially the glassware, 
were available on the trolleys. The student had 
to wait or go in search of what he needed.

Storage space for long-term experiments 
also presented a problem. Since the laboratory 
was used by other groups as well, adequate 
storage space was not always available.
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b. Suitability of the learning strategies

The main features of the learning strategies which 
were implemented in the course could be formulated as 

follows :
(1) Diversified modular approach/Class and group 

units.
(2) Independent learning.
(3) Class and group learning.

The various learning strategies are discussed in 
Chapter 2.

i. Studying by the modular approach the students 
had to cope with a new learning situation. The 
learning process was no longer based on listening to 
lectures and doing practical work; it now comprised 
several modes carried out in a specific order. 
Greater emphasis was given to independent learning 
and the role of the teacher shifted from solely 
providing information to that of a tutor - guide.

After a short introductory, classroom session, 
the students or pairs of students, were asked to 
work independently with the help of the student's 
work-book. According to the instructions set out 
in the workbook, students had to perform different 
assignments, such as investigations, reading, view
ing slides and films, and answering self-assessment 
questions. The student had to organise the rele

vant materials and equipment himself or together
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with his partner and to proceed step by step through 
the workbook.

The students found the modular approach to be 
challenging. The opportunity of choosing different 
group units increased the learning motivation of the 
majority. 79% of the students agreed to the item 

that "Using this learning approach I was able to 
proceed according to my ability" and that "This 
learning approach makes me want to study biology".

The new learning approach raised a great deal 
of enthusiasm among the students but also caused 
some confusion when it came to organise the necessary 
material and equipment. Not everybody immediately 
found the right trays with the right materials; 
some students did not properly understand the 
instructions and some were unsure of the names of 
the different items of glassware.

Using two different types of learning units - 
class and group units, was also sometimes confusing, 
especially at the beginning of the course. A 
diagram of each module (App. 4j ) was supplied later 
to help the students get an overall view of the 
topic comprised in the module. The students 
selected a group unit from a list of 4 units.
This process was sometimes difficult because 
not enough information about the level of
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difficulty of the unit was available. Another 

difficulty arose, when there was not enough time to 

complete an investigation and some other activity 

had to be found for the available time.

In their choice of units, most students were 
guided more by their interest and less by the level 

of difficulty inherent in various units.

The use of the various group units

^xQroup units 

Modules
Most preferred 7o Less preferred %

1.Introduction Grahm staining 41 Invest, methods 7

2 .Fungi Raising the dough 38 Proteins from 
yeasts

5

3.Bacteria Fermented Milk 60 Cellulose and 
Bacteria

5

The students in the trial groups, completed 1.6 group 
units, per module.

(ii) The independent learning activities were found 
useful and challenging. The students were pleased 
to work at their own pace and they were ready to take 
a responsibility for their study. At the interviews 
many commented "Now I can do my work as I like" ;
"I can complete my experiments without pressure";
"I was always lazy, but now, I am more responsible
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for my work, I am working harder", etc. The 
response to the items in the questionnaire concerning 
independent learning (App. 4k ) were very favourable. 
42% of the students agreed to the item, that "Not 
once did I take advantage of the possibility to do 
nothing".
iii. The class activities, as well as the intro
ductory lessons, consolidation class discussions and 
summary lessons were considered to have been effec
tive. The students preferred those activities, 
where a-v material was used. This is clear from 
students' answers to the questionnaire as well as 
from the interviews.
iv. The topics of the different group units were 
presented by groups of students to the whole class. 
These reports were not always found useful or inter
esting. Their preparation was difficult for a variety 
of reasons, not least of all because some students 
hesitated to present their knowledge to the class.
At the interviews the students made interesting 
suggestions about improving this learning strategy.
One idea was to devote more time to preparing the 
report and to do it with the teacher's help.
Others suggested that the time spent presenting 
it to the class should be limited and others wanted 
only the brighter students to do the presentations.



4.23

This interesting strategy will be discussed exten

sively in Chapter 5.

V .  Students achievement could also be used as one 
of the criteria for assessing the suitability of the 

learning material and learning strategy (Kelly 1972).

A. At the beginning of the course the students 
were given a pre-test which included two parts:
Part one: Diagnostic pre-test
This test consisted of 40 multiple-choice questions 
and was developed to measure pre-requisite know
ledge and skills needed to study the course. (App.No. 4a)

The outcome of the diagnostic pre-test

Instructional 
objective area

Students(N=42) achievement 
(average)

% right 
answers level of mastery

A.The knowledge of common 
and different parts of 
a typical cell

69 sufficient

B.The knowledge of the 
function of the various 
parts of a typical cell

36 insufficient

C.The skill of using a 
light microscope

40 insufficient



4.24

Following the results of the diagnostic pre-test, 
some remedial exercises using the microscope were 

implemented during the study of the first class unit 

"Biology of the Micro-organisms". The lack of 
knowledge of cell functions was treated at the rele

vant stages, mainly during the study of the second 
unit "Making Wine", mainly in lectures. The 
biology teachers, responsible for the 8th and 9th 
grade at the Hof Hacarmel School, were also 
informed of the results in the hope.that these low 
level achievements might be investigated.
Part two: Questions about the previous knowledge

of the subject matter 
Six open - questions were used in order to measure 
the students knowledge.
The same questions were also used as a post-test, 
after completion of the course. (App. No. 41 ).

The results

N points (from 10o)x

PRE-TEST 37 42

Post TEST 37 78

B. During the course three Achievement tests were given 
to the trial groups. The tests included 15 multiple-



choice questions and one open question (App.4b ).

The results

Module N
level of
mastery
required

No of students 
who reaĉ ê'd'; 

requi^^ J
%

Fermentation 37 70% 33 89.1

Fungi - as Allies 40 75% 37 92.5

Bacteria - as 
Allies

36 75% 34 94.0

)C
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4. Conclusions drawn and decisions made

a. Introduction
The trial study could be regarded as a developmental 

testing of an innovation at an early stage in the design 
of the instructional material and the learning strategies. 
As such, it is seen to be useful in judging the overall 
value of the course and in indicating those features, 

which require revision (Kelly 1972).
The purpose of the study was not merely to collect 

information about the strengths and the weaknesses of the 
innovation but also an attempt to trace the connections 
between factors that will help to achieve effective 
instruction. Another aim of the study was to identify 
the major areas of difficulty in the organisation of 
the learning activities.

The Hof Hacarmel School was an obvious choice for 
the case study, because of the accessibility to the 
author and also because it was itself an experimental 
school. The choice was justified by the response 
which was forthcoming. The headmaster, the administra

tion and the pedagogic committee, the staff of the 
learning centre and other members of the staff were very 
co-operative. The biology team, which includes the 
laboratory assistants and the teachers, were ready to 
invest time and effort in the trial study.
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b . Learning material
The results of the trial show that the subject 

matter "Micro-organisms and Man" was attractive and 

interesting to the students enrolled in the study.
The positive aspects of the microbial activities, as 
the production of alcohol or antibiotics, were quite new 
to the students and provoked their curiosity, serving 
to motivate learning. Since these topics were so 

effective, it was decided that no new aspects would be 
added to the field study version of the learning units, 
for example, as the pathological activities of the micro
organisms .

The learning units had been produced by stencil- 
duplicating, and this proved to be too poor in quality. 
Therefore an offset duplication method was proposed.
This procedure is relatively cheap and the illustrations 
show up very clearly.
c. Audio-Visual Aids

Audio-visual material has long ago proved to be 
valuable for individual study (Lumsdaine 1964, Novak
1977). The choice of the various media to be used in 
a learning strategy is influenced by many factors 
(Gagne 1970, Romiszovski, 1974) . To teach the student 
how to perform certain procedures, an 8 mm loop-film 
is very suitable. The student is individually guided 
and has the opportunity to regulate the pace of the
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demonstration (Postlethwait 1972). We found that loop 

films are very effective in teaching the skills of 
handling micro-organisms, for example, how to use 
aseptic methods, staining methods, etc. We therefore 

decided to integrate the films into the class units and 
so make them available to all the students.

The other important visual aid used in the learning 

units was the slide-sequences accompanied by written or 
recorded commentaries (not synchronised). We found that 
this learning medium stimulated interest and motivated 
further study, as pointed out by Romiszovski. Some of 
the commentaries were found to be too short and did not 
provide enough explanation. These were therefore 
re-edited.

We found that there was a synchrony of demand for the 
same kind of audio-visual material, at times while the 

students were working on the class units. As Harris 
(1979) has pointed out, careful planning of use of audio
visual material is essential. Such planning would keep

down the peak demands on the a-v equipment and would 
overcome other management problems, such as an uneven 
use of the various aids along one module, inappropriate
use of slides etc.
Some management problems of using audio-visual material 
and equipment were already mentioned in the previous 
paragraph. Some management problems were solved by
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installing audio-visual corners, with slide and film- 
loop projectors, and tape recorder with earphones. 
Technical problems and faults were solved by the teacher 
and by help of the students,

d. Inves t igations

The experiments performed by the student form an 
essential part of the learning activities. Therefore 
their feasibility were crucial to the effectiveness of 
the learning material. It is often said that there is 

nothing more motivating than a successful experiment.

The investigations, as set in the course, were found 
feasible and some were even challenging to the students. 
But some laboratory management problems arose:

Not enough attention was given at the preparation 
phase, to the logistic part of the laboratory work.
Not all the material and equipment needed were always 
readily available and it was often necessary to prepare 
extra sets of materials. Because of the need for 
several repetitions of the experiments, many trays were 

prepared for each experiment and stored on trolleys.
The trolleys overcrowded the laboratory.

Suggestions for solving these problems were:
1. To prepare detailed instructions in writing for 
the laboratory assistants and for the teachers, 
giving the requirements for each investigation.

2. To change the system for preparing materials.
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Instead of preparing the materials for each 

investigation on a separate tray, we should 
organise all the related materials needed for one 
investigation on one large tray. The students 
would then be required to collect their materials 

and glassware onto their own small tray, in a 
"self-service" manner.

e. Learning strategies

In designing the course as a whole I attempted 
to optimise the learning process by using a variety 
of different strategies. Postlethwait (1972) 
found it useful to combine strategies for this 
purpose.

(1) The modular system

The modular system was new to the students 
and to the teachers as well. Students were 
faced with the necessity of choosing a group 
unit from a list of four and could not easily 
do this without a proper guiding system. We 
found that a more elaborate advisory system, 
including printed information would be very 

useful to present the possibilities and alter
natives .

In spite of not having such organising tools 
to advise the.students properly, the opportunity
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of making their own choice of learning unit had 
a positive, motivating influence. Some group 

units were more popular than others, but as the 
preferences shown might be specific to the 
Hof Hacarmel student population and not represen

tative of students as a whole, no major changes 
were introduced into the group units.

It was recommended that the structure of the 
Introductory module and the Fermentation module 
should be changed. Instead of the original two 

separate modules built of two class units and 
four group units, we should have three class 
units only. These would be compulsory units and 
would cover three major areas of microbiology! 
classification, laboratory techniques and physiol
ogy of micro-organisms.

The modular system seemed to be attractive 
and feasible within the capabilities of the trial 

groups.
(2) Independent learning

The independent learning was the core of the 
learning process. The emphasis was on the learner 
but the teacher was retained as a motivator and a 
guide. Students welcomed the opportunity to progress 
at their own pace, but some students needed to overcome
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their tendency to idle. There were no discipline 

problems, to the teachers* surprise. The student 

progress was monitoring, to some extent, by the 
information available from the student's card. For 
various reasons the students sometimes neglected to 
record consistently their progress and this meant 
that the teacher and the laboratory assistants did 
not always have all the information which they needed. 

The students' explanation for this behaviour was 

that the cards were not clearly designed. New 
cards were therefore developed, based on the student's 
cards used in the Resourse-based learning system, as 
described by Foster (1979).

In order to improve the management of the indivi
dual learning more suggestions were made: -

i. To prepare a list of short-period activities
ii. To arrange a small library of relevant . 
biology books in the laboratory
iii. To increase the use of the central library 
(learning centre) as a part of the modular learning 

process.
(3) Class activities

The class activities were already familiar to 

both the teachers and the learners. The emphasis on 
holding class discussions, when the learning situation 

was suitable, increased the students' interest and
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gave them an opportunity to share and examine their 

thinking. This finding of the trial test supports 
the decision to use this strategy in the diversified 
modules. The consolidation activities helped the 
student to understand the framework of the module he 
had studied and gave the teacher the opportunity to 
raise additional points of view. The suggestion 
was made that this strategy should be used more 
often during the course, but in shorter periods.
(4) Group activities

The material of the group units was summarised 
and presented by groups of students at the consoli
dation lessons. This strategy raised some interest
ing questions: what to present and how to present
it, how to prepare the students for the presentation 
and how to build a single entity from the different 
presentations. Interesting reactions were expressed 
by the students (App. No*4m).

These questions will be studied further in the 
field test and will be discussed there.
(5) Decisions about changes in the various tests

i. The diagnostic pre-test, measuring pre-requisite 
knowledge, was left unchanged for the field test.
ii. The structure of the pre-test, measuring the 
previous knowledge of the subject matter, was 
changed. Ten multiple-choice questions and one
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open question replaced the 6 open questions used 

in the trial test. The reason for this change 
was to be able to ask more specific questions about 
the subject matter.

iii. The mastery tests for the 3rd and 4th module 

was left unchanged. Because of the revision of the 

1st and 2nd module it was found necessary to develop 
a new mastery test.
iv. The student-questionnaire was revised. The 
number of statements were reduced from 54 to 30 arid 
some statements re-formulated (see chapters^ Field 
Study).
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5. Summary of the conclusions and decisions derived from 
the trial study
The various conclusions could be assembled into two major 

areas: a. Management system and b. Learning material,
a. Management system

One of the main conclusions drawn was the need for 
a more explicitly structured management system within 
which the modular learning system could be contained.

Before starting the trial the teachers * team was 
aware of the need for a management framework. The 
framework chosen was based on the experience which the 
team had had with an Audio-tutorial course "The Cell", 
developed by the author and which was taught at the Hof 
Hacarmel School for some years. But the diversified 
modular approach brought new aspects of management 
difficulties and problems. Some of the management 
difficulties encountered by students have been already 
mentioned in the previous section. Focusing on the 
problems encountered by the teachers and laboratory 
assistants, the main information came from the in
trial teaching staff and from the non-trial teachers 
attending the workshops.

In order to help the students, teachers and the 
laboratory assistants to organise the modular learning 
process the following decisions were made:

(1) A "Management Guide" for each module should be
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developed. The guide should include a section 

describing the structure of each module the 

sequences of the learning strategies and management 
sheets for each learning unit. These sheets should 
include detailed information about the hardware and 
software needed to perform the various activities 
and all information which could help the teacher 
to guide the students' choice of the group units.
(2) Before starting the course sufficient time 
should be devoted to explaining the management 
system of the modular course to the students.
Also the use of the various audio-visual equipment 
should be demonstrated before starting the course.
(3) In order to help the choice of group unit
a more detailed information sheet should be avail
able to the students. This sheet should include 
information about the content, way of learning and 
previous knowledge needed (especially in chemistry), 
for each group unit,

(4) The students record card needed re-designing 
and a more suitable card-storage system needed to 
be introduced.
(5) The laboratory layout should be changed in 
order to make the laboratory more suitable for 
performing the various activities. Audio-visual 
corners and a small group discussion corner should
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be set up in the laboratory space, and also a small 
library area.

(6) The method of managing the laboratory 
equipment should be changed in order to reduce 
the storage problems, 

b. Learning material
(1) A revision of the introductory modules was 
proposed. The first and the second modules should 
be rearranged into three separate class units.
(2) To upgrade the quality of the printed 
material, the second edition of the students* 
workbooks should be produced by offset printing.
(3) More careful planning of use of the a-v 
material should be introduced.
(4) A third diversification route of implementing 
the modular course was introduced (see chapter 
Field Study).
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CHAPTER FIVE

THE FIELD TEST: AN EVALUATION STUDY

a. Introduction
The modular course ’‘Micro-organisms and Man” was 

tested as a case study in one experimental kibbutz high 

school - Hof Hacarmel. Criteria for evidence of 

performance stresses the necessity for field trial data, 
as pointed out by Scriven (1974). Young (1967) also 
demands that before an innovation can be recommended for 
more general use it needs to be tried out in more every
day schools with more everyday teachers.

Already during the trial test, efforts were made to 
recruit more kibbutz high schools and teachers for a 
field test trial on a relatively large scale (see chapter 
Diffusion and Dissemination).

The kibbutz high schools in Israel are supervised 
by the Department for Agricultural Education at the Ministry 
of Education. This department also supervises regional 

agricultural boarding schools where students from moshavim 

(private rural settlements) study as boarding students, 
besides day students from Kibbutzim. The researcher’s 
intentions were to include at the field trial a variety 

of types of agricultural high schools, with a majority of 
kibbutz student population.
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The Sample

The Trial Schools
Five regional kibbutz high schools and one regional 

agricultural high school took part in the field test.

The schools were not situated in one area but were located 

over various parts of Israel, which caused some communica
tion problems between the research team and the trial 

schools, and between the trial schools themselves.

Refer to Table 1.
The Trial Teachers

As the experimental teachers at the trial test are 
likely to be exceptional, the teacher who will make use 
of the innovation in the field test should not be excep
tional, but more or less representative of the typical 
body of kibbutz high school teachers.

The fact was that the teachers who were ready to 

adopt the innovation were not randomly selected, but were 

those teachers, who were interested in new learning 

methods and learning strategies. However, despite this 

self-selecting process, the trial teachers' group had a 

wide range of characteristics, with regard to their 

professional education, sex, seniority and teaching 
experience.

Refer to Table 2.
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Table 2 General information about the trial teachers

Trial teachers : 12

Other teachers involved: 6

Labor, assistants : 7
25

Trial Teachers N = 12 Men: 3 Women: 9

Professional education

Kibbutz Teachers' College : 3

Universities - B Sc : 6
M Sc : 3
Ph D : 0

Length of Service 1 to 3 years : 6
4 to 7 years : 2
8 or more : 4

Previous experience in independent learning

Yes : 7
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Student Population
Two hundred and eleven students took part in the 

field test. They studied in 13 groups : 12 tenth grade
groups and one eleventh grade group. The age range in 

the tenth grade was between 15 and 16, and between 16 and 

17 in the eleventh grade.
The majority of the students were girls (60%).

The majority of the students came from kibbutz 
settlements, (about 85%), the others came from the 
moshavim settlements. About one third of the kibbutz 
students belonged to a special group of "Youth Aliya" 
children. These children come from socially deprived 
town families and are educated in the various kibbutzim. 
Despite coming from more or less one socio-economic 
group, the kibbutzim, recent research (Dar, 1975) showed 
that the kibbutz student population is a heterogeneous 

group with different abilities and motivation for learning 
The Analysis of Variance (One-way AOV) of the 

diagnostic test of the trial school student population 

(see page 6 ), confirms that, at least according to this 
criteria, the trial school population varied significantly,

F = 5.23279 ^^0.05)1,5,200^^'^^

General information about the student population is 

shown in Table 3.
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Table 3

General information about the student population

N = 211

School
No.

Number of groups
No of students boys girls

lOth llth grade

1 3 48 17 31

2 4 64 25 39

3 1 17 5 12

4 2 35 17 18

5 1 1 34 14 20

6 1 13 6 7

12 1 211 84 127

Age group: lOth grade 15-16 
llth grade 16-17
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b . Execution of the field test
The field test was performed during a 10-month period, 

from September 1980 until June 1981. The trial schools 
did not start the modular course at the same time. This
lack of synchronisation of the course was due to:
(i) Not all schools had the equipment ready for the 

modular course.
(ii) The research team encouraged some schools to delay 

the start of the course and so made it easier to 

supply the various A-V materials, because demands 
for them were not made at the same time.

(iii) The collection of information through visits to 
schools, observations, interviews, etc was made 
easier, if the execution of the course was not 
carried out in all schools at the same time.

(1) The learning material
The modular course "Micro-organisms and Man" has 

undergone some alterations as a result of the trial 
findings (see chapter 4, Trial Study).

Instead of two introductory modules i.e. "Introduction 

to Microbiology" and "Fermentation", only one module was 
developed. This new module "Introduction to Microbiology" 

consisted of three class units only. The other modules 

had only minor changes.

A comparison between the trial and the field test 

version of the modular course is given in Table 4 on the

next page.
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Comparison between the trial and field test 
version of the introductory module

TRIAL TEST VERSION FIELD TEST VERSION

Nodule: ''Introduction to 
Microbiology"

^Biology of Micro-organism^

"Introduction to 
Microbiology"

Group Unit Group Unit Group Unit

^iology of Micro-organism^
ICPhysiology of Microorganisms

Module ■ c Fermentation a b

)
^Energy for l i f ^

« Class Unit 
= Group Unit

The field test edition of the Student's workbooks 
was printed by an offset duplication method. This 

edition was much more attractive and the illustrations showed 
up very clearly.
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(2) The method of managing the laboratory equipment was 

changed in order to reduce the storage system and to enhance 
the students’ independence. The students were now required 
to collect the material alone, onto a small tray.

.
Photograph i

Photograph 2
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(3) The audio-visual material used in the field test 
was identical to that used in the trial test, with the 
following exceptions:
(i) The slide series "Yeast in the past" was divided 
into two sequences:

A. Wine in the past (7 slides), integrated into 
the class unit "Making Wine"

B. "Bread in the past" (7 slides), integrated into 
the unit "Making Bread".

(ii) New slides were used in the unit "Fermented milk" 
and the field test version of the slide series was 
arranged as follows :

A. Micro-organisms in Yoghurt (8 slides)
B. Making cheese (8 slides)
C. Cheddar cheese (8 slides) - extension work only 

(For details about other slide sequences, see chapter 
Modular Course).
(iii) Audio-visual corners were installed (Photograph 3).

Photograph 3

hi
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(4) Management Guides
Three Management Guides, to accompany the three 

modules, were developed as a result of the trial test 

findings. The need for a Management guide arose from 
the complexity of the learning strategy and the modular 

approach of the learning material.

The guides were developed for the use of teachers and 

laboratory assistants. Each guide consisted of 8 sections. 
Four general sections concerning the modular system, and 

four specific sections relating to the particular module.

An example of the first page of a Management Guide is 

shown below.
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A FIRST PAGE OF A MANAGEMENT GUIDE 

Modular Course 

’’Micro-organisms and Man’’

M A N A G E M E N T  G U I D E

BACTERIA - FARMER’S ALLIES

CONTENT:
a. The course system

1. The basic flow diagram of the modular course

2. Diversification routes
3. Management framework of the course
4. System of management

b . The management of the module ’’Bacteria - farmer’s allies
1. The basic flow diagram of the module
2. Management sheets of each learning unit:

i. Nitrogen fixing bacteria

ii. Fermented milk
iii. Silage

iv. Bacteria and cellulose 

V .  Pickling
3. Short period activities and bibliography

4. An overall summary of the module’s activities.
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c . The evaluation strategy

A working definition of the evaluation process is 

provided by Cooper (1976): Curriculum evaluation is the

collection and provision of evidence, on the basis of 

which decisions can be taken about the feasibility, 

effectiveness and educational value of the curricula.
The aim of the trial study of the modular course was 

to examine the feasibility and efficiency of the learning 

material and the learning strategies. As Bloom (1978) 
noted, evaluation is useful in determining the relative 

effectiveness of the different approaches to instruction 
and learning. As a result of the trial test we could 
select innovations which were promising and detect 

unsuitable ones. We have also detected management 
difficulties and other problems (see chapter 4 Trial 
Study).

If educational innovations are to be effective agents 

not only of change but of improved learning in schools, 

then the evaluation process must be incorporated into the 

development stage of the new programme. The evaluation 

design must function as an integral part of the innovation, 

from its inception to its full-scale implementation 

(Goldberg, 1971).



5.14

The evaluation strategy of the modular course were, 

therefore, a part of the trial studies from the beginning.

The objectives of the field study evaluation were 

mainly to follow the implementation process of the modular 

course in various kibbutz high schools.

Several questions were posed by the researcher:

What actually happened in the classroom when the innova

tion was introduced, how do the students and teachers 

react to the innovation as a whole, and to its various 
components? What are the interactions between the 
learning material and learning strategies and the teachers 
and students? What are the management and organisational 
problems connected with a large scale implementation?

In order to answer these and other questions a 
suitable evaluation strategy had to be chosen. Various 

evaluation strategies can be described as follows :
Modes of evaluation: Experimental-illuminative

Munro (1977) distinguished between two main ideologies 
in evaluation:

i. The experimental model of evaluation, also known as 

the classical, traditional or agricultural-botanical 

model.

ii. The illuminative model of evaluation called also 
responsive, analytic-judgemental or social-anthropological 

model.
The experimental model focuses the research efforts 

largely in terms of measuring pre-specified behavioural
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effects of the innovatory programm, as for instance in the 

evaluation studies of Champagneand Klopfer (1974),

Anderson and Butts (1975), Brewer (1974) and Kaplan (1975). 

On the other hand the illuminative evaluators see them

selves much more as participant observers of the innovation- 

implamentation process.

Good and Dowdeswell (198 0) defined the illuminative 

evaluation process as based on a holistic study of a 

complex system. These complex affairs must be seen as 

a network of interacting parts. The chief task of the 
evaluator is to unravel the complex scene, isolate its 
main features and delineate cycles of cause and effect 
(Parlett, 1972). The illuminative evaluator makes few 
direct comments on the effects of the innovation. In 
general, his concern is more with the context and process 

of the innovation than with its outcomes (Munro, 1977).
The experimental model of evaluation, on the other 

hand, emphasises measurement and prediction which is 
committed to pre-specified effects of behaviour. Most of 

the evaluation techniques used by the experimental 
evaluators are statistical and comparative. The experi

mental model of evaluation usually makes comparisons between 

the innovative programme and the traditional one. But 

this is a very difficult task. Such comparisons, called 

by Cronbach (1964) the "which-does-better" approach, are 

not even "fair horse races" for each horse is running to

a different finish line (Goldberg, 1971).
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It would be wrong to assume that there is a contrast 

between measurement and the illuminative model of evalua

tion. Parlett and Hamilton have insisted that measure

ment is one, but only one, of the techniques available to 

evaluators. Harris (1977) for instance, also incorporated 
conventional cognitive testing in the illuminative 

evaluation of a Laboratory course.

Forms of evaluation: Formative - Summative
When the experimental evaluator asks the question:

What effects? - the forms of evaluation used are known 
as either summative or formative.

Summative evaluation is concerned with the effects 
of the developed innovation and with providing potential 

users with the systematic and objective information on 
which to decide whether or not it is worth investing time, 
effort and money in the particular curriculum development 

(Scriven, 1967).
Formative evaluation by contrast, seeks to aid or 

revise an innovation during trials. Cronbach (1964) 

defines summative evaluation as an "evaluation used to 

appraise a product already on the market" and formative 

evaluation as an "evaluation used to improve the course 

while it is still fluid".
The main function of formative evaluation is there

fore to supply constructive and rapid feedback of 

information whilst a project is being planned and a
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programme of work being produced (Williams, 1979).

Formative evaluation looks at the course whilst it is 

being developed and shows up its weak points. Summative 

evaluation looks at the complete course and how it operates 

in practice.
According to Rowntree (1977) the distinction between 

formative and summative evaluation is not in the form of 

the assessment, but in the intentions of the assessor.

The strategy used in the evaluation of the modular 
course was in the illuminative mode and the formative 

form. These approaches suited the general objectives 

of the evaluation: a holistic study of the implementation 
process, when the modular course was still in its develop
mental stage.
d. Data collecting procedures

Illuminative evaluation concentrates on the information- 

gathering, rather than on the decision-making components 

of evaluation (Parlett). Therefore various information- 
gathering instruments were used in the evaluation process 

of the modular course at the field test. These included:

(1
(2

(3
(4

(5
(6
(7

interviews with teachers and students 

observations in classrooms

questionnaires-opinionnaires for teachers and students 
visits to trial schools 

implementation reports 

student record-cards

tests
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(1) Interviews

Discovering the views of participants is crucial to 

assessing the impact of an innovation (Parlett). In this 

case it was considered that it could be done by interview

ing teachers, laboratory assistants and students, and 

asking them about their work, what they thought of it, 

how it compared with previous experience and also asking 

for comments on the use and the value of the innovation.

Interviews also provide evidence about the character
istics of the individual tasks which have contributed to 
the various program results and may shed additional light 

on the nature of the performance failures and successes 
(Cropper, 1980).

Interviewing is defined by Tenbrick (1974) as an 

inquiry technique, a procedure and not an instrument.

The interview schedule is the instrument which guides the 
interviewer. As with other diagnostic procedures an 
interview schedule must include questions which sample 

general problems in sufficient numbers.

The general problems in implementing the modular 

course at the kibbutz high schools were formulated, more 

or less, according to the trial-test findings and were 
focused around the following topics:

i. The subject matter Micro-organisms as Allies.
ii. The modular system: class and group units.
iii. The learning material: workbooks and investigations.

iv. The learning strategies: independent learning, lectur

ing etc.
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V .  The use of multi-media: audio visual aids and others.

. Interviews are of two types, structured and unstruc

tured. The interviews used with the students at the 

field test were of both types. We used some core ques
tions and left enough time for a more conversational 

type of interview. This unstructured part of the inter

view allowed us to probe more deeply for the reasoning 

behind the answers given during the more structured part.

It also allowed the students to raise other problems and 
questions but not all students used this opportunity.

The core questions used on the interview schedule 
were formulated according to our experience at the trial- 
test interviews, and were used mostly at the beginning and 
at the end of the interview. (App. No.5a ),

The interviews with teachers and laboratory assistants 
were even less structured than those with the students. 
Usually the teachers were eager to tell us about their 

experience with the modular course, and to give us their 

comments and suggestions, and therefore the interviewer's 

task was mainly to focus the conversation on important 
aspects of the research. (App. No. 5b ).

(2) Observation

Collecting information by observation techniques 

occupies an important role in an illuminative evaluation 

process. Constrained by the time and manpower available
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to carry out a "continuous record of ongoing events, 

transactions and informal remarks", we focused our 

efforts on observing the students' classroom behaviour 
as it evolved from using individualized learning methods 

and utilizing different media of instruction. Smetherham 

(1978) and Munro (1977) stress the necessity of formulating 
the purpose and the targets of the observation method.

The aim of developing this kind of observâtion- 
schedule was to produce an instrument by which it would 
be possible to record the behaviour of the students (and 
partly that of the teacher as well), in a new learning 
setting, based on independent learning.

The method used in the field study was based on a 
time-sampling technique (Fisher and Zimmer, 1968, Slater 
and Thompson, 1977): the observation schedule was
developed by adapting the Pupil Behaviour Inventory, 

described by Slater and Thompson, and using categories 

based on those in the Student Observation Form designed 

by Lindvall et al, (1974).
• The inventory consisted of 20 student activities, 

organized into 5 categories. In each lesson two to 

four students were selected and observed. At the end of 
each minute the activity of the student at that time was 
recorded, by placing a tick in the appropriate place.
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The observation took place only at the individual 

study phases (see chapter 4, Trial Study), which account 

for approx. 75% of the learning activities of the modular 

course. An example of the Student Observational Form 

is shown on the next page.

(3) Questionnaire-opinionnaire

Besides observations and interviews the illuminative 
approach may include the use of a questionnaire. Free 
and fixed response formats can be included to provide 

quantitative summary data, the content of which can then 
be analysed to obtain further numerical results.

The aim of a questionnaire can be to gather opinions, 
attitudes or self reports about classroom practises, 
experiences or observations (Williams, 1979). Best 
(197^ ) expresses the need to clarify the term "opinion" 

and "attitude", as they are not synonymous. According

to Best, how an individual feels, or what he believes, 

is his attitude, and by getting an individual's expressed 

reaction to statements we obtain a sample of his opinion.

As I was trying to collect reaction to the modular 

course I would prefer to use the term "opinionnaire" for 

the questionnaire used in this research.
The methods used to assess the students' and teachers' 

attitude-opinion toward the modular course was the Li,kert 

method, which could be carried out without a panel of
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judges (Best). The topic areas for the inventory list 

were defined mainly by a panel of the Hof Hacarmel biology 

teachers and revised according to the trial test findings.

Thirty statements in the student's opinionnaire were 

grouped into five topic areas (App No. 5c ). In each 

group there were 6 statements. The statements were 

divided into equal numbers of favourable and unfavourable 

statements relating to a particular point of view.

The teachers' opinionnaire included 15 statements 
which were identical to those in the students' opinionn
aire. There were also divided into favourable and 

unfavourable ones. The different statements were grouped 
into 3 areas of interest (App. No.5d ) .

The student's opinionnaire was regarded as confiden
tial and remained anonymous, as advocated by Oppenheim 
(1966).

Topics of interest in the Opinionnaire

(i) For student
1 - Learning motivation

2 - Interaction Teacher : Student .

3 - Learning strategies
4 - Instructional media

5 - Independent learning

(ii) For teacher

Statements concerning areas 1-5 were identical in 
both student and teacher opinionnaire.



5.24

6 - Management Guide

7 - Teachers' activities
8 - Modular course

(4) Visiting trial schools

Visiting trial schools was a fundamental strategy 

in the evaluation process of the modular course. The 
visits enabled us to learn directly about the local 

conditions, laboratory facilities and, of course, about 

the course implementation.

Fifteen visits to 5 schools were made between 

October 1980 and April 1981. The availability of only 
two part-time researchers and the spread of the trial 
schools were just some of the constraining factors that 
caused us to limit the number of visits.

The first visit was usually devoted to classroom 

visits, talks with trial teachers, laboratory assistants 
and sometimes, with the Head of the School.

On the second visit, in addition to classroom 

visits, interviews with students were also held and 
observations, using the Student Observation Form, were 

made.
The last visit was mainly devoted to interviewing 

teachers and lab. assistants. During the visits, many 

informal talks and discussions with students and trial 

teams were held. Many remarks, criticism and other use

ful pieces of information were collected during these
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visits.
The summary of these results will be given in the 

final paragraph of this chapter.

(5) Implementation reports

The micro-biology course was designed as a number 

of diversified modules which included two types of 

learning units: class (core) units and group (elective) 

units. This strategy allowed the students to work on 

different topics and to progress at their own pace 
(see Chapter3^ Modular Course).

With the help of periodic reports, information was 

received about how the modules were executed. The trial 
teacher was asked to send written reports on special 
report forms, after completing each module (App. No. 5e). 
As a result of these reports, and additional information 
collected during visits to the trial schools, a picture 

of the various implementation routes was built up.
A description of the various implementation routes 

in each trial school is given in the following paragraphs.
(6) Student Record Card

The students' progress during the course was 
monitored by the information available from the Student 

record cards. These cards were a modified version of 

cards used in the Trial test, and were planned to supply 

the following information:
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1. The day-to-day record of the students' progress
2. The dates of starting and completing the units
3. The choice of units and how often they were chosen
4. The routes of the diversified unit
5. Student opinion about the units they had studied.
At the trial test, problems arose over the storage of 
record cards, but at the field test we adopted the 
storage system recommended by Forster (1979). See 
picture No. 4 below.

Picture No. 4
Record cards storage system
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An example of a Record Card is given, as follows 

Student record card

Group : Name:

Activities path

Starting date: Completion
date Test

Extentions :

T o p i c

Difficult Suitab. Too easy

‘ Most 
interes. Inter.

A c t i v i t i e s

8 10 11 12

C
c c oo o bO •H
•H •H a CO
V) 0) •H COc c CO 30) 0) •H Ü ■u
4J 4J > CO COX X Q) •H (Uw M Qi o Eh
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(7) Tests
Several types of tests were used in the evaluation 

of the field study:
i. Diagnostic pre-test

ii. Pre and post-test; subject matter

iii. Achievement tests
i. Diagnostic pre-test

There is a need for teachers and for students them

selves to assess the student's pre-requisite knowledge, 
especially in courses which are more student-dependent 
(Harris, 1979). Lumsdaine (1965) stresses the importance 
of identifying the characteristics of the students who 
will be working on the instructional materials.
A. to identify the existing skills and knowledge of the 

students, so that the teacher can more precisely 

determine the extent of progress or improvement.

B. to indicate the pre-requisite information and 

skills necessary for successful performance on the 

materials.
C. to determine whether the present students are typical 

of the students for whom the materials were designed.

Therefore a diagnostic pre-test was designed which measured 

the pre-requisite knowledge and skills needed to study 
the microbiology course.

The test consisted of 40 multiple-choice questions 

and was based mainly on the biology curriculum of the
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ninth grade at the kibbutz high schools. The same test 

was used at the trial test (see chapter 4̂ Trial Study) 

and was left unchanged when administered in the field 

test.
ii. Pre and post-test: subject matter Micro-organisms 

In order to measure students' previous knowledge of
microbiology and to compare their achievements after 

completing the course, a short pre and post-test was 

designed. A similar test was used at the trial test 
and as a result of the trial test findings (see chapter ̂  

Trial Study) it was revised before the field test.

The new version of the test consisted of 10 

multiple choice questions and one open question.(a p p No5f)
iii. Achievement tests

Three achievement tests were designed and were 
administered after the completion of a class unit 
(Introduction to Microbiology, Making Wine and Nitrogen 
Fixing Bacteria). An example of an achievement test 

can be seen in Appendix No.Sg

Each test consisted of 20 multiple choice questions 
and was completed after answering a set of preparation 

questions, named "Toward an Achievement Test". These 
questions were attached to each class unit workbook.
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Results
A. Quantitative data can be obtained by such 

evaluation techniques as:
(1) Observations in the classroom

(2) Opinionnaires
(3) Implementation reports

(4) Record cards

(5) Tests

The results acquired through these techniques will be 

summarized in the following pages.
Information collecting procedure:

CD Observation in Classrooms
As mentioned before, the aim of using the observation 

instrument was to observe the learning behaviour of the 
students at the individual learning phase of the modular 
course. It was a part of an evaluation strategy of the 
learning teaching process not in terms of cognitive 

considerations, but in terms of student behaviour.
82 observations were executed: 58 in the Hof Hacarmel

school,

24 in other high schools.

The reasons for the low percentage (30%) of observations 

carried out outside the Hof Hacarmel school were the 

shortage of manpower and the travelling distances in the 

trial schools.

2.139 minutes of activities were recorded by three 

observers.
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Results
Table 1. Percentage of recorded time spent on the 

different groups of activities
i. Individual work .........................  35.2%

ii. Interaction student : student ............  37.4%

iii. Interaction student : teacher ........... '. . 8.5%

iv. Group activities .... ...................  2.3%
V .  Non/instructional use of student time ... 16.6%

i—

see diagram No. 1

Table 2. Percentage breakdown of timed activities: 
individual work

i. Independent reading ......................  35.4%
ii. Individual viewing of A-V material  10.8%
iii. Carrying out investigations independently 40.4%

iv. Tests 13.4%

See Diagram 2

Diagram No. 1 Diagram No. 2

35. Z/.

St : St

Investig.
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Table 3. Percentage breakdown of recorded time of the 
activities: Student

i. Reading with partner ...................... 2.6.%

ii. Viewing A-V with partner .................  10.87o
iii. Carrying out investigations with partner . 79.0%

iv. Performing tests with partner . . .*........  7.6%

Diagram 3

A-V
Ait

79.0/

Table 4. Percentage breakdown of recorded time of the 
activities: Interaction Teacher : Student

i. Assistance from the teacher ..........  97.3%

ii. Controversy with the teacher .........  1.1%

iii. Others ................................  1.6%

Table 5. Percentage breakdown of recorded time of the 
activities - Non-instructional use of student 
time

i. Sitting at desk not working ................  33.5%

ii. Waiting for teacher or lab. assistant to
provide lesson materials ...................  10.8%

iii. Going to get material .......................  31.2%

iv. Leaving room to get material ...............  9.3%

V .  Miscellaneous ...............................  15.3%
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Diagram 5

Individual work compared with working in pairs
The results indicated that the activity time of a 

pair of students was divided equally between individual 
work and the co-operative work of the pair. By comparing 

the different activities it is obvious that the reading 
assignments were executed - mainly by each student alone 
but 2/3 of the investigations and viewing A-V material 
were done co-operatively. One third of the tests (not 
the mastery tests) were answered or revised together.
(See diagram No. 6).

The learning units consisted of individualized 

learning material but for economic reasons and others, 

the students worked in pairs. .. In spite of working in 

pairs many activities were performed by the students 
alone. This phenomenon of co-operative and individual 
work was a significant feature of the modular course.
Group work

Only 2% of the total time of the independent phase 

was spent on group activities. As we have seen before 

only a very few learning units were performed as group-
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Diagram 6

COMPARISON BETWEEN INDIVIDUAL AND PAIR PERFORMANCE

READING A-V INVEST. t e s t s

IND. PAIR
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work and the group activities recorded by observation 

were mainly group discussions concerning the presentation 

of the group units material.

Teacher : Student

The interaction between teacher and Student occupied 

9% of the learning time. Unsworth (1977), Dubin (1968) 

and others noted that independent learning demands heavy 

teacher guidance and support. The outcomes of our 
observations do not confirm this statement. 

Non-instructional use of time
When students are given the opportunity to work at 

their own pace, they often idle and waste time. This 
is a common phenomenon in independent learning, but can 
be very serious if a long period of time is involved. 
Nearly 17% of the total time recorded was defined as 
"non-instructional use of time". In analysing the out
comes of our observations (Table 5 and diagram 5) we 
can see that half of this time was due to collection 

and preparation of learning material. Only one third 
was recorded as "not working" and one sixth of the 

"wasted" time was classified as "miscellaneous".

Student's activity profile

The observation schedule enabled us to get an 
immediate picture of a student's activities in a 
particular lesson. Anyone looking at the completed 
schedule can see at one glance what the student was
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actually doing and how he was using the learning materials 

See examples below.
Example No. 1 

Example No. 2 

Example No. 3

Working mainly alone

Needs assistance

Working mostly with partner
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(2) Opinionnaire - results

The students opinionnaire was given to the students 

after they had completed the modular course. The opinionn

aire was an anonymous one in order to obtain more valuable 
answers.

The teachers*and laboratory assistants’ opinionnaire 

was also administered after the completion of the modular 

course, but it was not anonymous.

A Li kert scaling technique was used. The scoring 

system was as follows :
All statements favoring a particular point of view 

were scored:
Scale value

a. strongly agree 5
b. agree 4
c. undecided 3

d. disagree 2
e. strongly disagree 1

For statements opposing this point of view, the items 

were scored in the opposite order.

In order to be able to summarize the answers in a 

quantitative way a reverse of the scale values of the 
unfavorable statements was executed, i.e. scale value 1 

gets 5, scale value 4 gets value 3, etc.
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141 student opinionnaires from 6 trial schools were 

analysed.
12 teacher and laboratory opinionnaires were received and 

analysed.

An SPSS BATCH SYSTEM was used in analysing the 

Opinionnaire results. The means and the standard 

deviations (STD DEV) were calculated from the scale 
values (1 to 5).

The percentage of the responses are reported by 
combining the two outside categories:

disagree
undecided

agree
strongly disagree strongly agree



5.42

A. STUDENT OPINIONNAIRE 
(N = 141)
Note: Because a reverse of the scale values of the
unfavourable statements has been made, these 
statements will now be quoted in a positive way.

i. The results according to the area of interest
Area 1. Learning motivation

27 222 5

a gree

n
d isagree

-  a g r e e  

disag re e

I I = undecided

27. Studying biology by the modular approach I increased 
my interest in the learning subject.

25. I would like to study the rest of the biology course 
in the same manner.

3. I was looking forward to the biology lessons.
22. I would like to study other courses in the same 

manner.
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21. I wanted to attend the biology lessons.

MEAN STD DEV 
 n
3.50 0.27

Area 2. Interaction teacher : student

agree

disag

19

ii
I

26 20 I
Î3

23

22

II 30

23I MEAN STD DEV
3.36 0.72

19. I did not need a lot of assistance from my teacher 
when learning by the modular approach.

26. The modular approach enabled me to have discussions
with my teacher.

20. I would rather not study biology with the whole 
class than in small groups or in pairs.

4. When the teacher explains the topic to the whole
class I do not understand any better than by 
learning it independently.

23. It did not disturb me that the teacher was more
occupied in helping students than lecturing.

30. In the classroom there was a learning atmosphere.
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Area 3. Learning strategies

24 28

agree

d  i sag ree

MEAN STD DEV
3.60 0.41

1. It is desirable to have class discussions from time 
to time.

16. I would prefer not to study the course by class 
units only.

17. Studying the various learning units did not prevent 
me from acquiring a more complete view of the course

18. Using elective group units enabled me to study in a 
way which suited my ability.

24. Using workbooks gave me more self confidence when 
using laboratory equipment.

28. My learning progress was not hindered by the self- 
assessment questions in the workbooks.
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Area 4. Instructional media

agree

disagree MEAN STD DEV
3.27 0.59

11.

12.

15.

If I did not get explanations from the teacher I 
would learn less.
The integrated use of student's workbooks, a-v 
material, performing investigations etc, increased 
my interest in the learning material.
It was easy for me to follow my progress with the help 
of the Student Record Cards.
Performing experiments is less efficient when done 
by the whole class, at the same time.
I did not find that the integrated use of different 
learning aids was too complicated.
The students presentation enabled me to understand

the various group unit topics.
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Area 5. Independent learning

gree

d i sagree

MEAN STD DEV
3.31 0.83

5. Using the modular approach helped me to learn more.
9. Learning biology by the modular approach encouraged 

me to think more independently.
10. The opportunity to proceed at my own pace did not 

cause me to idle.
13. The investigations are less interesting when 

performed in large groups.
14. I would prefer to study from workbooks rather than 

listen to lectures.
29. The modular approach enabled me to proceed at my 

own pace.

ii. For results of each statement refer to Appendix No.5h
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B. TEACHER AND LABORATORY ASSISTANT OPINIONNAIRE
N = 12

i. For results of each statement refer to appendix No.Sj
11. Results according to the specific area of Interest 

Note: Because a reverse of the scale values of the
unfavourable statements has been made, these 
statements will now be quoted In a positive way 

Area 1. Management Guide

28 22 25

a gr ee

d I sag

MEAN STD DEV
3.90 0.59

28. The Management Guide can help me to write new learning 
units.

21. References should be added to the Guide.
22. There Is a real need for a Management Guide.
25. By using the Guide I was able to consult my students

when electing group units.
14. The Management Guide helped me to perform the modules

efficiently.
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Area 2. Teacher activity

SB20

agree

disagree

MEAN STD DEV
3.51 0.78

1. The teachers initiative in the modular course is by 
no means limited.

5. My fields of interest in biology were widened by 
teaching the modular course.

6. I am convinced that by the didactive approach I 
should not be able to cover more learning material.

20. The modular course can certainly be taught in 
heteregenous groupe.

29. The .microbiology techniques did not make it
difficult to teach this course in the tenth grade.
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Area 3. The modular course

ag ree -1
disagree

MEAN STD DEV
3.36 0.75

2. It was easy to integrate the modular course into
the biology curriculum.

4. Using biology topics from everyday life significantly
increased the learning motivation of my students.

7. Using the various a-v material was useful.
13. I would recommend that other biological subjects

should also be studied by the modular approach.
15. The students presentation helped my students to

understand the various group unit topics.



5.51

(3) Information collecting procedure: Teachers
implementation reports
Three types of implementation reports were designed:

1 - Report schedule after completion of a class unit

2 - Report schedule, after completion of a group unit

3 - Report schedule after completion of a learning

module.

The teachers* response to our request to send the 

various reports regularly was quite inadequate. Only 

37% of the reports were received, but the teachers were 
willing to supply all the additional information needed, 

through personal contact, conversations and interviews.
The trial teachers explained that they were very busy with 
the various logistic preparations.

The following summaries, which focus on the different 
routes by which the trial schools implemented the 
modular course, are therefore also based on additional 

information from other sources.
The summaries are given for each trial school:

School No. 1 Hof Hacarmel

The Hof Hacarmel regional kibbutz high school is in 

many aspects an experimental school (see chapter 4^ Trial 

Study), therefore the conditions were favourable for the 

implementation of an innovation. The laboratory 

assistants and the trial teachers were fully instructed 

about the management system of the innovation and the 
laboratory outlay and the equipment were well organized.
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Three groups of tenth grade students took part in 

the trial (N=48). Two groups performed three modules 

consistently according to the original concepts of the 

innovation. The third group, which started the course 

only at the beginning of the third term of the school 
year, could not complete the course because of lack of 

time. This group studied only the first, introductory

module and a shorter version of the second module, i.e.

one class unit and only one group unit out of a selection 

of 3 group units.

Duration of the shorter course: 32 lessons (45 minutes)
Duration of the whole course: 16 lessons (45 minutes)

School No. 2 Bejt Jerach
Four groups of tenth grade students took part in 

the trial (N = 64). Bejt Jerach is a well-equipped 
regional kibbutz high school with a well-organized science 

teacher team.
The implementation of the first module "Introduction 

to Microbiology" was carried out according to the original 

course frajne wprk, but the students did not always have

the opportunity to proceed at their own pace. The

teachers used their initiative and added various inves

tigations and pieces of reading material to the original 

learning units.

The second and third modules were implemented in a 

different way. The core units of the modules : Making
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Wine and Nitrogen-Fixing Bacteria were studied one after 

another. The elective part of the module consisted 

of 4-5 learning units selected from the modules, Fungi 

as Allies and Bacteria as Allies. One of the reasons 
for these alterations was, as reported by the Bejt 

Jerach team, lack of time.

Duration of the course:

72 lessons (45 minutes).

School No. 3 Ramot Refer

One group of tenth grade students (N=18), took 
part in the trial at the Ramot Refer regional boarding 
kibbutz high school.

The implementation of the modular course in this 
school varied from module to module. The introductory 
module was taught with a didactic approach with few 
opportunities for the students to progress at their own 
pace. Rome assignments were introduced and lecturing 
by the teacher was common.

The second module. Fungi as allies, was executed 
less didactically. •• Three learning units were used, all 

of them studied as class units, by the whole class.* The 

students had now more opportunities to proceed at their 
own pace.

Only the third module. Bacteria as allies, was 

studied according to the original concepts of the 

innovation: one class unit and three group, elective,

units were studied.
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Duration of the course: 92 lessons (45 minutes)
The implementation of the modular course in the Trial 
schools
School No. 4 Eshel Hanassi

This regional agricultural high school had already 

tried out some learning units in the previous year (1979/ 
80). This was not performed as a part of the trial test 

but was an initiative of the deputy head of the school, 

himself a biology teacher.
Two groups of students (N - 34) took part in the 

trial.

The trial team planned to implement only two modules 
in the trial. The Introduction to Microbiology and the 
Fungi - as allies modules.

The introductory module was implemented, more or 
less according to the course intentions, but with more 

didactic emphasis. The pace of progress was more class 
directed than by individual pace. Some of the slide 
series were shown to the students in groups and home 
assignments were introduced.

The second module - Fungi as allies was executed as 

follows : All the five learning units were introduced to

the students as elective units and no unit was studied 

as a class (core) unit. The reasons for this strategy, 
as explained by the trial team, were to shorten the study 
period and to give the students a greater selection of 

units. After completing the course the trial team was



5.55

not in favour of such a strategy. The management 
problems, which arose from widening the elective selection 

and the lack of a common core unit, were the main reasons 

for rejecting this strategy.

The duration of the course: 58 lessons (45 minutes)

School No. 5 Shikmah
The Shikmah school is a relatively small regional 

kibbutz boarding school. Two groups of students, one 

tenth grade group (N = 20) and one eleventh grade group 

(N = 15) took part in the trial. The eleventh grade 
students were mainly students who had not been born in 
kibbutzim but who came from deprived city families and 
were educated as a separate group. Such groups are 
called "Youth Aliya" and they exist in many kibbutz high 

schools.
The implementation of the first and second module - 

Introduction to Microbiology and Fungi as allies, was 

done consistently according to the concepts of the 
innovation, that is, with students progressing at their 

own pace, learning strategies used in planned sequences 
and the module (Fungi as allies) taught with a diversified 

approach (class and group units).

Because of the constraint of time, the topics of the 

third module. Bacteria as allies, were taught by lectures



5.56

and class discussions only. The various investigations 

included in the module were not performed.

The duration of the modular course: 52 lessons

(45 minutes) .

School No. 6 Hof Hasharon

Hof Hasharon school is a regional kibbutz high 

school with a high percentage of students from the surround

ing moshavim (private agric. settlements). One group 
of tenth grade students took part in the trial (N = 13).

The first module was implemented accordingly to the 
original frame work of the course. The students 
accomplished all three class units and proceeded at their 
own pace.

The second and third module was implemented in a 
different way. For various reasons, the school started 

implementing the course very late in the school year. 

Therefore the study time left for the modular course was 
very short.

Only one class unit. Making Wine, was implemented, 
followed by two group units.

Duration of the course: 34 lessons (45 minutes).

Overview of the implementation routes

An overview about the different implementation 
routes is given in table No. 7.
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The first, introductory module, was performed, as 

designed, in all trial schools. This module was based 

on three class units with some diversified extension work. 

Some trial teachers allowed their students to progress 

at their own pace, i.e. students who finished one class 

unit could proceed immediately to the second unit. This 

happened only at five trial groups. The majority of the 

trial groups proceeded from one class unit to another, 

according to the pace of the whole group.

The second and the third modules were based on class 

and diversified group units. The different trial 

schools implemented.this design in various ways:

a. Two schools, Bejt Jerach and Eshel Hanassi used the 

elective units from both modules (Fungi and Bacteria) as 

one selection, one bank, of group units. From this 

selection the students could choose their group units 
for study.

b. Two other schools, Ramot Hefer and Shikma, used some 

of the group units as class units, studied by the whole 

clas s.

c. Only two groups at Hof Hacarmel executed all three 

modules as designed. Two other groups - one at Hof 

Hacarmel and one at Hof Hasharon completed only two 

modules.

d. The other trial groups at Bejt Jerach, Ramot Hefer 

and Shikma completed three modules, but modified the
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implementation of at least one module.

C4) Information collecting procedure: Student record card

The main aims of using the Student cards were:
1. Monitoring the students' study progress
2. Providing information about students' opinion of the 

various learning units.
1. Monitoring the students study progress was an 

important part of the learning process in the classroom.
In this sense, as we have learned from other sources such 

as visits, interviews etc, not all trial schools made 
efficient use of the record cards. More of this aspect 
will be discussed later, but it is worth indicating now 
that, the more the learning pace was an individual one, 
the more the record cards were in use.
2, The students' opinion of the various learning units 
was expressed by marking the appropriate square on the 
record card. The students were asked to express their 
opinion about

a - the degree of difficulty, as easy, appropriate or 
difficult.

b - degree of interest as, not interesting, interesting, 
most interesting.

Not all the students used the Student card to express 
their opinion - an average of 20% did not answer.

The summary of the responses is given in the follow
ing table.
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C5 3 Information collecting procedures TESTS
i. ,Pre and post tests: subject matter : Micro-organisms 

The pre test measuring the students' previous 

knowledge about microbiology was administered together 

with the diagnostic pre-test (detail in the next para

graph) .

The same test was used as a post-test and was 
administered after the modular course was completed.

The test consisted of 10 multiple-choice questions 
and one open question (free response).

The results of these tests are given below:
Table Subject matter pre and post-test results

Pre Post

School
No

No of 
students

Average 
score in 

%
No of 

students
Average 
score in

%
1 34 32.5 44 74
2 57 51.4 51 78.5
3 15 45.7 No results available
4 14 45.6 13 78.2

5 25 35.9 17 73.3
6 14 50.7 11 75.2
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ii. Diagnostic pre-test

The pre-requisite knowledge and skills'needed to 

study the microbiology course were measured by a diagnostic 

pre-test. This test was administered at the beginning of 

the modular course.
The results of this test are given below:

Table No. 9 Results of the Diagnostic Test

School No N results in %

1 47 57

2 58 66

3 15 61

4 35 58

5 32 54

6 21 62

iii. Achievement tests
After completing each Class unit an achievement test 

was administered. Because not all the trial schools 

used all modules, the results of the achievement tests 

are not complete. Refer to Table No. 10.
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B . The outcomes of the various interviews
(1) Interviews and discussions with trial teachers and

laboratory assistants
15 visits to 5 trial schools (except the Hof Hacarmel 

School) were held during the field test. During these 

visits many talks and discussions with the trial teachers 
and laboratory assistants were held. On the final visits 

14 individual interviews were executed (+ 3 at the Hof 

Hacarmel School) with members of the teaching staff at 

all six trial schools. The interviews were tape- 
recorded.

It is unnecessary to emphasize how important and useful 
these interviews and discussions were. Together with 
talks and discussions held at the various teachers work
shops and teachers courses, a broad picture of the 
implementation process of the modular course was estab
lished.

The various issues raised during these sessions 
covered a very wide spectrum: commencing with various

didactic issues and ending with psychological concepts 
of learning and teaching.

(2) Interviews with students

Interviews with 67 students (31% of the trial popu

lation) were held by two interviewers. Details of the 

method of executing the interviews are given on the next 
page.
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No. School No of 
interviews When executed

1 Hof Hacarmel 21 after the second module

2 Bejt Jerach 11 after the second module

3 Ramot Hefer 10 after the second module

4 Eshel Hannassi 8 towards the end of the 
course

5 Hof Hasharon 6 after completing the 
course

All interviews were tape-recorded. Most of the 
interviews consisted of reactions by the students to the 
core-questions but they were by no means limited only to 
them.

The students seemed to be interested in the modular 

course and therefore they were very co-operative and 
their comments appeared reliable.

I shall divide the different issues and reactions 
raised in the teachers' and students' interviews into 
three categories:
Category One, where the modular course was the point of 
reference.

Category Two, where the Student was the point of reference. 
Category Three, where the Teacher was the point of reference
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There are, of course several overlaps which are 

similar in each situation but the points of reference were 

different.

The different categories are presented diagrammatically, 

below:

CATEGORY 1

■t e a c h e r

a s s i s t
CATEGORY 3

CATEGORY 2
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Category One
The Modular Course as a point of reference

1. The impact of the students
The students reactions and opinions on the modular 

course can be focused into several areas:

i. The subject matter. Microbiology and Micro-organisms 
as Allies.
The students expressed a favourable attitude towards 

the microbiology topics studied in the modular course. 

Comments as "very interesting topics ; I have not learned 
about such things from everyday life" or "what is 
important is that the topics are chosen from our surround
ings" or "we are studying things that really happen to us" 
etc. were often heard.

The laboratory techniques needed to perform the various 

investigations in microbiology did not seem to worry the 

students but worried the teachers, as will be explained 
later.
ii. The Class and Group units

The approach of dividing the learning material into 

a core part, the class units, and into electives, the 

group units, was new to the students and caused some 
confusion. "Aren't we missing something important by 

studying only some group units", was the question posed 

by some students. "It is good to have elective group 
units but there is not enough time to complete them all".
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These worries could be influenced by the opinion, commonly 
held by teachers, that all information is essentially 

important. But, however, other points were raised:

"There is no need to study all the units ; the interested 

students can study more alone - they have got the basic 

knowledge to do so", "It is better to learn less material 

but to learn it thoroughly".
There was no doubt about the positive opinion of the 

students towards the opportunity for choosing their own 
learning material, the group units : "The opportunity to
choose the learning material is something new and exciting 
to me", "If the teacher did not give us the choice I 
wouldn't learn thoroughly".

The students pointed out some management problems 
connected with the elective units, such as making a choice 
from the group units and fitting them into their time 
table: "We didn't really know what the content of each

unit was, when we came to choose the units", "The unit was 

longer than expected and this caused us trouble". The 

Management Guide introduced in the field test did riot 

solve these problems, an observation also made by many 

teachers.
iii. The presentation of the summary of the group units 

The presentation itself was not so easy for many 

students: "The aims of the group unit presentations are
good but it is hard to present", "The presentation job is
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suitable only for the brighter students". The students 
also had their doubts about the effectiveness of their 

presentations: "I am not so sure that everybody under

stood our presentation", "The group units are good, but 

the presentations are not efficient and it did not help 
me a lot", "The students asked questions and we didn’t 

know the answers", etc.

Various positive comments occurred in favour of the 

presentations: "It is important to present the main
topics of the group units otherwise only our group will 
know something about it", "By preparing and presenting 
the summary I gained more understanding about the ideas 
of the unit", and, "Don't give up the idea of the students' 
presentation".
iv. Acquiring an overall picture of the Modules

Organizing the learning material into several units 

causes difficulties when trying to acquire a complete, 
general view of the Modules' ideas and concepts. Both 
students and teachers made this point. "The learning 

material is spread over too many topics and the main 

points are not emphasised enough". "There are too many 

'jumps' from one topic to another and this makes it 
difficult for me to get a whole picture of the learning 
module", "I enjoyed working with this approach and it was 

interesting, but I feel confused about the main ideas and
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I think that we have wasted time".

Some students made suggestions about how to overcome 

this problem: "A written summary has to be prepared by
each student, perhaps with the help of the teacher, in 

order to unify the different activities and ideas in 

each learning unit", "At the end of each module and 

learning unit a class discussion should be held in order 

to create a general picture of the learning unit".

2. The impact on the teachers and laboratory assistants

The opinions of teachers and laboratory ^  course
assistants towards the modular course can be 
focused into 3 areas:
i. The subject matter of Microbiology and the topic 

"Micro-organisms as Allies"
The teachers accepted the subject matter positively: 

"Interesting topics - widening the students' view about 
various biological processes occufing in everyday-life".
"It was a real advantage that the course deals with 
interesting topics". "The topics were familiar to our 
students in the Agricultural High School and therefore 

they liked it".

Also some sceptical comments about the effectiveness 

of the relevant learning topics were made: "The 'practical

topics' didn't say anything to our good students", "The 

students sometimes prefer the more unusual topics, to the 

relevant ones".

L a b .
ass.
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Introducing microbiology to such extent in the high 

schools posed several problems to the teachers and labora

tory assistants. "The course overburdens the laboratory 
assistants", "We had problems with the acquisition and 
preparing of the various materials and equipment", "We 

were not ready with all the preparations at the beginning 

of the course and this caused a lot of problems", "Are 
all teachers and laboratory assistants acquainted enough 

with microbiology techniques?", "I think that the micro
biology techniques are too complicated for the tenth 
grade students".

Some interesting suggestions were made in order to 
solve some of the problems. "Before starting such a 
course, it is important to organize a short-term course 

devoted to microbiology techniques", "It was very useful 
that the laboratory assistants could take part in the 
various workshops - it should be compulsory for all of 
them".
ii. The class and group units

The teachers had difficulty in accepting the fact 
that some learning material would not be studied by all 

students. "It is hard to decide what topics should be 
included in common, class units", "The students will 

loose a lot of essential material by studying only group 

units", "We have compromised - some group units were 

taught as class units and less group units were elective".
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The elective system of group units was positively 

commented on ty all teachers, "The ability to choose 

their own material had a good influence upon the students', 

etc.

iii. The summarizing of group units

A variety of comments occurred for and against the 

'presentation* of group units by the students. "Summar

izing the group units by presentation did not contribute 
a lot to the knowledge of the brighter students ; they 
were bored because they had learned the basic material 
already in the class unit. "The presentations were very 
dull", "I had to push my students to do the presentations", 
"The better groups accepted the presentations very well, 
they listened, wrote comments and asked questions. I 
asked questions too and also answered the students' 
questions. I was surprised how well it worked", "The 
students put a lot of effort into the preparation work". 
Category Two

The Student as a point of reference

i. The students' reactions toward the modular course 

Many critical comments towards the modular course 

and suggestions for its improvement were made by the 

students at the interviews. "The text is enough 
as background knowledge but more information should be given

e.g. references." "There is a need for some open-ended 
investigation, but perhaps we have not enough experience

to do it". "The workbooks are written in a "wasteful" 
manner - too many illustrations, the illustrations are
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sometimes very childish". "It would be worthwhile to 

use demonstrations sometimes". "More than one teacher 

should be in the classroom and less group units studied 

at the same time". "It is good to have all the infor

mation and tha investigations in one workbook", "We 

learnt too many concepts in too short a time, it is confus 

ing". "By using the workbook we have learnt how to 

work alone. We had the opportunity to struggle with the 

learning material alone". "Peer teaching can perhaps 
help the teacher to solve some management problems, such 
as tutoring many learning groups at the same time".
"The student who doesn't want to fit himself into the sys
tem will not succeed".
2. Students' reactions toward the learning strategies 

The students' comments toward the learning 
strategies were focused into three areas:
i. Independent learning

Quite enthusiastic comments were made about the 
opportunity to work more independently:

"I really enjoyed it. Independent learning is better 

than listening to lectures". "Sometimes biology lessons 

could be boring, but now that we have no lectures, we are 

working alone and can proceed at our own pace". "There 

is no pressure on me and I can proceed at my own pace". 
"Using this approach I can complete in the next lesson

STUD
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what I didn't do in the previous one and so I loose 

nothing". "I am now more active". "This way of learn

ing is more concrete to me, you do your own investiga
tions and it is more interesting than when you get the 

instructions from your teacher". "When I progress at 

my own pace I advance faster and I do more". "When you 

work alone you teach yourself and you learn better".

Alongside the positive comments more critical comments 
also occurred. "It is an interesting way of learning 
but it is more efficient to learn the frontal way". "If 
the teacher is lecturing, things are clear and you know 
what is right, if you are working alone you are not always 
sure", "I don't like this way of learning, I prefer the 
teachers' lectures". "This way of learning is good, 
there is a lot of independent work but I feel that I am 
now learning less than before - you have to strengthen 
and improve the learning approach",
ii. The audio-visual material

The integrated use of the audio-visual material in
»

biology lessons was quite new to the students. There

fore many comments were made about this strategy, some 

were for and some against.

The comments in favour included "The audio-visual

material makes the study more interesting". "It is

more interesting to view slides than to read about it in 
the book” , ”i feel better when I do not have to read
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and to write all the time, and I enjoy watching and 

listening to commentaries". "It makes the study more 

unusual". "The written word doesn't mean so much to me 

but the film attracts me". "The use of audio-visual 
material makes à pleasant change". "By using loop- 

films you can learn about staining methods at your own 
pace, after viewing the films I was able to perform the 

staining alone".

The critical comments included the following. "The 

slides are a bit silly and the commentary not clear 
enough". "It would be better to watch the slides 
together with the group and not alone". "I didn't 
enjoy the film-loop, the picture was too small and so 
was the viewing desk. But it is also not so good when 
the teacher explains the technique. The best way would 
be to use slides that you can watch alone and slowly".
"I do not think that I have learned a lot from audio
visual material, you can use a good printed picture 
instead of a slide",

iii. The classroom climate

The learning strategies which emphasise more 
independent learning, an individual pace of progress and 
the use of different media lead to a different class

room climate. The students commented critically;

"This approach sometimes causes a mess in the classroom.
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especially when the teacher has to help six different 

groups. But by this approach you can work more 

independently” . "We do only what we have to and we 
do not make a great effort. I miss the teacher’s 

encouragement and also his lectures” . "'Not all the 
students are working, some are walking around and the 

teacher doesn’t seem to realize it” . ’’There are some 

problems with the disorder in the classroom but basically 

the system is alright” . ’’There is a feeling of dis
order in the classroom, the different opics do not make 

a unity, somehow” . ’’The problem is that if you need 
the teacher he is not always available and the lesson is 
over”.
3. The students reaction toward the teachers role

The teachers’ role in the modular course changed 
significantly. The students reacted to several 
aspects of this change: less lectures, more independent
learning, and more guiding performed by the teacher.

”I like the teacher’s lectures but it is good that 
this approach is divided into lectures and independent 

learning” . ’’The teacher’s lectures are sometimes quite 
boring, it is more interesting to work alone” . ’’There 
is no need to see the teacher all the time” . ”I had

many opportunities to consult the teacher”. ’’The
teacher is now more close to us, he can help us more” . 
’’This is a good approach, I don’t like when the teacher

S T U D  E N T
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is always lecturing". "It is good that you don't have 

to wait for the teacher when starting to work".
Several comments criticized the decrease of the 

teacher's direct involvement in the learning process :

"I miss the teacher's encouragement and also his 
lectures". "I miss the teacher's supervision, the teacher 

has to tell me if I am alright or not". "The problem is 
that when you need the teacher he is not always available 

and the lesson is over". "There is a need for more 

lectures so that the teacher can check what the students 
understand". "For one teacher it is difficult to manage 
the class activities".
Category Three: The teacher as a point of reference

1. The teachers' reaction to the Modular course
The feasibility of the course was commented on as 
follows :
"It is convenient for the teacher to use the Modules, but 

you can't work consistently according to the program.
I extended, for instance, the Energy Module very much".

"The teacher was too directed by the program. It was a 

pity because such a course demands flexibility". "My 
initiative was by no means restricted. I altered many 

parts of the course". "The course is too long and we 

need the whole year to complete it". "It is a very good 
approach and we can certainly implement it, but the modules 

should be more organized. Perhaps to teach less topics".
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"The teachers were not trained to use the modular system". 

"The teacher did not work any harder than before, some

times even less, because the progress was so slow".
"The modules cover many topics but in an insufficient way".

Various different ways of using the modules, were 

mentioned in the following comments:
"The modules are a good idea but perhaps not as a 

permanent way of learning. We can use the approach in 
teaching different topics in biology, from time to time", 

"Not all topics are suitable for modular learning. I
imagine that Evolution could be very appropriate. We
can write group units dealing with different aspects of 
evolution and then summarize them in the class-discussion". 
"We wanted to write an additional learning unit about 
Pneumonia but the teachers were too busy". "Our sixth 

formers (a small group) used the learning unit "Raising 

the dough" and it was very successful". "The modules 

are perhaps suitable as extensions in different situations".

2. The teachers' reaction to the learning strategies 
The different pace of progress of the students 

worried some teachers: "It was not easy to manage
the learning activities executed in the classroom at 

different paces". "We should not use so many group units 

at one time, I think 2 or 3 units is appropriate". 
"Independent work needs a change in the school time table. 
You need longer periods". "The less able students worked
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at their own pace but the brighter ones started to idle". 

"We can not always permit the students to progress at 

their own pace". For instance, microscope work demands 

class-pace, help the students more easily than you can". 

"To be honest, it depends very much on the teacher if the 

students are working at their own pace". "What happens 

to students who do not want or are not able to work at 
their own pace? "The teacher needs help in the class

room when the students have to work at their own pace".
"It was sometimes difficult to hold class discussions 

because the students progressed at their own pace and 
they had different background knowledge".

Other comments deal with suggestions of how to 

improve the learning strategy of the modular course:
"We have to teach the students how to use and how to 

work with the various learning materials". "The students 
who have had previous experience with independent learn

ing adjust themselves quickly to the modular system. 

Therefore there has to be a continuity when using inde

pendent learning". "We have to overcome many management 

problems, as for instance providing enough equipment for 
each group and making sure it is ready when they need it. 

"More discussions are needed". "It is necessary to 

stop the independent learning from time to time and to 
explain a point to the whole class". "It is a good idea
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to add home work as a basis for class discussions".

3. The teachers * reaction to students' performance 
The comments related to students' performance^ 

in the modular course included:

"The slow learners always called me for help, 

brighter ones knew how to work independently. The 

problem is with the average students who are working 

according to their mood". "I was really busy talking 

to the students but by the end of the lesson I managed to 
have a word with everybody". "During the course, close 
relations built up with the students. " "For the first 
time in my career I knew the names of all my students in 
the first weeks of the year". "The students were quite 
independent, for instance they started their work even 
before the lesson began". "The students were demanding 
a private tutor, they are not able to work alone".
"The classroom climate was too free, in my opinion, and 

I couldn't follow exactly what was going on". "One 

teacher is not enough for such a learning approach".

"The students were very teacher-dependent, they were 

expecting the teacher to answer all the questions for 

them". "Sometimes the teacher's guidance was too much. 
Very often the activities went on very smoothly but 
sometimes I was frustrated by not being able to reach 
everybody".
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f, Findings
The aim of this evaluation study was to illuminate 

the complex structure of the organisational, teaching and 

learning processes of this modular course. Following a 

flexible rather than a pre-determined research plan it was 

possible to be responsive to unpredictable phenomena.

The study was designed to portray various aspects of 
the innovation of the course by following the implementa

tion process in several kibbutz high schools. This was 
performed by a mixture of techniques to cover all impor

tant possible outcomes. Observational and interviews 
techniques were extensively used, together with 
Questionnaires, tests and other instruments.

At the beginning of the evaluation study, the 
researcher posed several questions such as: 'What 
actually happens in the classrooms which implement the 

innovation, how do the students and teachers react to 
the innovation as a whole and in particular to its 

several components?

The findings .pf this evaluation study did not supply 

complete answers to the above questions. New questions 
arose during the evaluation process and additional 

information directed the researcher’s interest to other 
fields. The outcomes of the evaluation study will be 

discussed in the following paragraphs of this chapter.
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illuminated by reference to different parts of the 

modular course. The analysis will, I hope, lead to an 
overall picture of the implementation process of the 

innovation.
i. The microbiology course

The modular course was devoted to Microbiology and 

especially to the activities of the group of micro
organisms - the beneficial ones. It was quite unusual 

for high school biology teachers to devote such a long 

period to microbiology in their teaching schedule and also 
to teach about micro-organisms so extensively.

The overall reaction of the teachers and the students 

was favourable. Opinions such as: "Very interesting 
topics", "Topics from everyday life", or "Interesting 
topics widening the students’ view about biological 

processes occurring in everyday life" - were expressed.
In the Opinionnaire the teachers assessed the micro

biology course as suitable for heterogeneous groups (67%).
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20

Item 20. The modular course "Micro
organisms and Man" can be taught in 
heterogeneous groups.

: T = teachers' opinionnaire 
St ~ students' opinionnaire

agree

percentage of "disagree" res
ponses created by combining two

d i s a g .

Strongly disagree.

= percentage of "undecided"

responses.
The teachers had different opinions about which groups 

of students this learning material is most suitable for: 
"This course was a challenge for the better students but 
the others get lost", "This course is ideal for students 
with good learning motivation" or "The slow learners 
enjoyed this course more - it is less suited to the 
brighter ones".

It should be noted that from the Student Record 
Cards (N = 707) we learned that the students identified 
only 11% of the learning units as being too difficult and 
12% as too easy.



5.85

In the Opinionnaire 17% of the teachers saw 
difficulties in integrating such a microbiology course 
into the high school biology curriculum and in using 
microbiology techniques in the tenth grade classes (17%) 
But the majority of students (70%) were confident about 
using the laboratory equipment.

29 24

ag ree

25

disag.

Item 2. It was easy to integrate 
the modular course into the 
biology curriculum.
Item 29. The microbiology 
techniques are not too difficult 
for tenth grade students.
Item 24. 1 acquired more self
confidence in using laboratory 
equipment by using workbooks.

ii. Implementation routes
The modular course "Micro-organisms and Man" was 

designed in a structured way: the learning material was
organized into 13 workbooks representing 13 learning units - 
5 class units and 8 group units. These units were grouped 
into three different modules.

The performance of the various learning activities 
was directed by a sequence of instructions written in the 
workbooks and a system of management for the learning 
modules was suggested with special emphasis on independent
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teachers’ interviews: "We had problems with the acquisi

tion and preparation of the various materials", "The 

course is too long and we need the whole year to complete 

it."

iii. Independent learning
The trial teachers introduced the independent 

learning in different ways. Some teachers were not 

convinced that the students were able to monitor their 
own pace of learning and others were not-prepared to 

accept the fact, that the teacher is not entirely in 
control of the progress of learning of his students.
We cannot always permit the students to progress at their 
own pace. 'No longer is the control of content and flow 
directly in the lecturer’s hand’ (Harris, 1979).

These constraints are closely connected with the 
change of teaching style as a result of using more 

independent learning strategies.

In their new learning situation the teacher has to 

act more as an advisor or as a learning counsellor and 

less as a solo-performer, lecturer and fount of all 
wisdom.

The independent learning situation caused a certain 
amount of idling among the students. The students in 

their interviews raised this question several times :

"Not all the students are working, some are walking around
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and the teacher doesn’t seem to realize it". 5 7% of 
the students admitted that the opportunity to proceed at 
their own pace caused them to idle (Item 10).

St

5 7

ag ree 25

d i s a g .

Item 10. The opportunity to proceed 
at my (my students) pace caused me 
(them) to idle.

T ~ Teachers' opinion 
St = Students’ opinion

The results of the observation strategy partly confirmed 
this phenomena: 10-16% of the independent lesson time
was a non-instructional use of the student's time.

In most schools the independent learning created a 
teacher-dependent relationship. 53% of the students 
expressed their need for a considerable amount of 
assistance during their independent study.

St

21

Item 19. I (my students) needed 
a lot of assistance from my 
teacher (me) in the modular 
course.

33
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This situation was perhaps created by the fact that 
the students did not have the skills to learn alone. The 
teachers' views in the interviews were expressed by such 
comments as: "The students were demanding a private 
tutor, they are not able to work alone." Students with 
previous experience with individualized learning (with 
the Audio-tutorial unit "The Cell") made much better 
progress in independent learning."

The need to give assistance to many students at the 
same time caused some teachers an uneasy feeling: "I 
was frustrated, not being able to reach everybody".
Also some students (48%) were not so happy with the new 
role of their teachers.

-taree.

disag,

St

22

Item 23. It disturbed me that the 
teacher was more occupied in helping 
students than lecturing

Several students expressed in the interviews their 
need for greater teacher control of their learning 
process: "I miss the teacher's encouragement and also 
his lectures", "The problem is that when you need the 
teacher he is not available and the lesson is over".
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learning and an individual pace of progress.

. The evaluation study findings showed an unforseen 

picture of different implementation routes, followed by 
different schools. The trial schools altered the sequence 

of the modules and/or the characteristics of the class and 

group units, by using some group units as class units or 
vice versa. These findings were quite surprising but 

after all, this was a true application of a modular, 

flexible course. The trial teachers acted here 'not as 
mere technicians applying other people's curriculum 
innovation - but they played an active and critical role 
in the development of the innovation (Rowntree, 1974).

The teachers mentioned this view also in their inter
views : "You can not work consistently according to the 

programme","I greatly extended, for instance, the Energy 

module", "My initiative was by no means restricted, I 
altered many parts of the course".

This adaptive process reflected the different 
teachers' opinions about what should be taught as core 

material and what, and to what extent, should-be taught 

as elective material. "The students will lose a lot of 

essential material by studying too many group units",

"It is hard to decide what topics should be included in 
the class units."

The different implementation routes were also caused 
by a variety of local conditions, as expressed in the
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In spite of these specific problems created by the 
independent learning situation the students, and the 
teachers as well, expressed a positive opinion about this 
strategy.

ag re e

d i sagree

St

15

■

ii
I

St 5

Item 9. Learning biology 
by the modular approach 
encouraged me (them) to 
think more independently.

Item 5. Using the modular 
approach helped me to learn 
more.

Another interesting outcome of the independent strategy 
of learning was the new teacher : student relationship which 
was created during the course: "During the course, close 
relations with the students were built up", "The teacher 
is now closer to us than before, he can help us more".

a g r e e

33
23:

d isag ,

Item 26. The modular 
approach enabled me to 
have frequent discussions 
with my teacher.
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iv. Group presentation - a mode of learning

Various modes of learning were implemented in the 

modular course, including independent work, laboratory 

investigations, lectures, group and class discussions and 

others. The previous section dealt with the independent 

learning mode and its impact on students' and teachers’ 

behaviour. This section will deal with a specific mode 

of learning - students’ presentation.
As the course was designed into class (core) units 

and group (elective) units the basic assumption of the 

developer was that not all the students would be able to 
study all the group units. But in order to enable all 
the students to get some ideas from, and information 
about, the various group units, a specific learning mode 
was introduced: students presenting the summary of their 

group units to the whole class. A second objective of this 
mode of.presentation was that by preparing and presenting 

the overview of the group unit, the members of the present

ing group would be summarizing the learning material for 

themselves and so deepening their understanding and 

knowledge. A further objective of this strategy was: 

to enhance group discussions and group activities.
This mode of learning was certainly not unfamiliar 

to the biology high school teachers but in this modular 

course the presentation was an integrated part of the 
learning strategy. The students had also some previous
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experience with this mode of learning but perhaps in a 

more sporadic form.
The presentation was performed in two stages:

Stage 1. Two or three pairs of students who had studied 

the same group unit prepared the presentation together.

The group discussed the main points which were worth 

presenting and then divided assignments between the 

members such as: preparing transparencies, choosing 
suitable slides, writing up summaries etc.
Stage 2. The actual presentation was done by the different 

members of the ad-hoc group.
The different stages of the presentation were not 

so easy to execute without the teacher’s help. Even when 
the preparation stage was successfully done not all 
students were ready to stand before their peers and to 
present their work. The students in their interviews 
said: "The presentation job is suitable only for the 

brighter students", "The intentions of the presentation 

are really good but it is hard to do", "The other students 

asked us questions and we didn’t know the answers".

In addition to the difficulties of preparing the 
presentation activities the students were sometimes 

sceptical about the effectiveness of this strategy.

"I am not sure that everybody understood our presentation", 

"It did not help me a lot". Only 30% of the students and 
the teachers were convinced that the presentation con

tributed to their understanding of the group unit topics.
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a g ree

18 33

d i sa g re e

Item 15. The students’ 
presentation enabled me to 
understand the various group 
unit topics.

In spite of these difficulties both teachers and 
students realized that this mode is important and very 
often successful. The students raised the importance of 
the preparation work for the student himself: "By prepar
ing and presenting the summary 1 gained more understand
ing", "1 enjoyed the presentation because only then did 
1 understand the learning material better". Some students 
made suggestions of ways to improve this mode of learning" 
We should have demonstrated some of our investigations", 
"Perhaps the class should perform some simple investiga
tions from our group unit", "The teacher ought to help 
us more in the preparation work" and even "Don’t give 
up the idea of the students’ presentation".

Also the teachers were often surprised how well these 
presentations could be executed: "1 was surprised how 
well it worked", "The students put a lot of effort into 
the preparation work".
V. ■ Assessing students’ learning progress

Assessing the students’ learning progress was done
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mainly by achievement tests and by a comparison between 

the result of pre and post tests based on subject matter.

1. The subject matter pre and post test results show an 
evident gain of knowledge in all the trial schools.

2. The achievement tests were used after completing a 

core unit. Because not all trial schools used all the 

core units the data available is not complete. The 
available results of achievement tests indicated a good 

average achievement in all trial schools - 73-78 points . 

(from 100 possible).

No further statistical procedures were carried out 

because of the little value these data have in the present 
research.
3. The diagnostic pre-test was not designed in order to 
measure achievement. This test was developed by the 
author in order to learn more about the students’ previous 
biological knowledge, related to the subject matter of 

the modular course. The results of the diagnostic pre

test guided several trial teachers to introduce some 

remedial learning in various topics such as: the impor

tance of a cell nucleus, using a microscope etc. The 

great value of the diagnostic test by the information 
provided about the various flaws in the 9th grade biology 

instruction. Several trial schools discussed this matter 

seriously in order to introduce changes in the biology 

curriculum of the 9th grade.
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vi. The overall picture of the Modular course
The presentation of the group units helped the students 

to acquire an overall picture of the modular course's 
idea. This was also done by another mode of learning: 
a consolidation class-discussion. These two learning 
strategies should help the students to make a synthesis of 
the various learning topics studied in the class and group 
units.

The individual pace of progress often created a 
situation which made it difficult for the teacher to 
successfully hold such class discussions. The students 
were studying different topics at the same time and it 
was difficult for the teacher to raise questions relevant 
to all the students and also to monitor the students' 
questions and make them understandable to their peers. 
Therefore these consolidation discussions were not 
always held with sufficient frequency in all trial schools.

Perhaps as a result of the difficulties which arose 
in executing the two learning modes: presentation and 
consolidation discussions, the students did not always 
acquire a complete overall picture of the modular course.

Item 17. Studying the 
various learning units has 
not made it difficult for 
me (them) to acquire a 
more complete view of the 
modules.

ag ree

d i s a g r e e
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vii. Using multi-media learning aids
Using a wide range of learning media was also a part 

of the modular course's strategy. The integrated use of 
various learning media was designed in order to enhance 
motivation and also as an answer to the different learning 
styles of the students. Some students prefer to learn 
from print and some from sound recordings, some are not 
happy unless they see real things or pictures, etc. As 
we do not know much about our students' preferences the 
provision of a variety of media can be a possible solution.

The use of various media in one learning sequence could 
cause confusion and difficulties for the learners, but 
the students' opinions did not confirm these worries.

St

agree

disagree

Item 7. The integrated use 
of student's workbook a-v 
material, performing inves
tigations etc. enhanced my 
interest in the learning 
subject.
Item 12. I did not find the 
integrated use of different 
learning aids very compli
cated.
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One kind of medium was specially enforced - the use of 

audio-visual (a-v) aids. The use of a-v aids by the 

learners themselves was also new.

The audio-visual aids consist of slide sequences, 

loop-films, transparencies, tape-recorded commentaries 

and 16mm films. The students accepted the use of the 

various a-v aids warmly: "The a-v material makes the 

study more interesting", "It makes the study more unusual", 

"It makes a pleasant change/break", "The written word 
doesn't mean so much to me but I find the film attractive", 
"By using loop films you can learn the staining methods 

at your own pace" etc.
Some a-v aids were more popular than the others and 

also critical comments were expressed about the quality 
and necessity of some aids. "I didn't enjoy the film- 

loop, the picture is too small. It would be better to 
use slides then you can watch them slowly and alone", "I 
don't think that I have learned a lot from slides - it 

would be better to use a good picture instead" etc.

Various technical and management problems arose by 

using audio-visual material to such an extent in the 

classroom. These problems will be discussed in the next 

section.

viii. Management of the course

The conclusions drawn from the trial test included 

a need for a structured, formulated management system
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within which the modular system could be applied. In 
order to help the teachers, laboratory assistants, and 
the students to organize the modular learning process 
three Management Guides, which accompanied the three 
learning modules, were developed and used in the Field 
test.

Teachers'and laboratory assistants' opinion was 
favourable towards the Management Guides but they also 
made several suggestions about extending the existing 
Guides. "The management Guides are very good, but we 
need more information about the flexibility of the learn
ing sequences", "We would like more suggestions about 
extension material and more references for further reading", 
"We need information about where to get the various 
materials etc", "It was quite easy to prepare the mater
ial for the various investigations".

The teachers and laboratory assistants' opinionnaire 
confirmed the important role of the Management Guide:

25

agree

d isag ree

Item 14. The management 
Guide helped me to perform 
the modules efficiently. 
Item 25. By using the 
Management Guide I was 
able to consult my 
students when electing 
the group units.
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Various management difficulties in organizing inde

pendent learning, where multi-media teaching aids are 

used, have already been mentioned in the previous sections 

(Independent learning. Group presentation. Overall picture). 

Several management problems arose when dealing with the 

hard and software needed to execute the modular course.

Following the trial-test findings, the laboratory 
layout was changed in order to make the laboratory more 

suitable for the performing of various activities for 
instance by the creation of audio-visual corners, small- 
group discussion area, etc. (It should be emphasized that 
all the learning activities were held in the laboratory).
The management system for preparing the laboratory equip
ment for the students * use was also changed, in order to 
reduce the storage problems.

All the above-mentioned changes improved the manage

ment of the modular course to a large extent, but other 

problems arose. "We were not ready, and had not made 

all the preparations by the beginning of the course",

"Too much printed material to deal with", "The supply 

system of the a-v material was not always good", "We 
have to learn how to organise such a learning system",

"To run such a course is quite expensive", etc. 
f. Summary

The findings of the evaluation study have shown that 
the microbiological topics of the modular course were
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suitable and attractive to the target population. The 

extensive study of microbiology was a challenge to both 

the teacher teams and to the students, in spite of 

causing management and other difficulties.

The modular design of the course, which included a 

fixed set of learning units in a definite sequence did not 

prevent the teachers from adapting the design of the course 

according to their needs and school-conditions. The 

various implementation routes confirmed this assumption.
The independent learning units of the modular course 

enabled the teachers to be flexible when designing their 
courses.

Dividing the learning material of the modular course 
into core and elective units was an unusual phenomenon in 
a biology curriculum at the kibbutz high schools. The 
different attitudes of the trial teachers to this 

differentiation of learning material certainly had an 

influence on their decisions to change the design of the 
original course. This flexible use of the modular course 

can be seen as a positive element which can enhance its 

wider use in the future.

The various modes of learning introduced into the 

modular course in a prescribed manner were also a chall

enge to teachers and students. In spite of the fact that 
some modes of learning, such as independent learning, 
consolidation class discussions and students’ presentations
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that there is a need to prepare the laboratory assistants, 

teachers and students to use such a course. These 

conditions were only partly fulfilled in the field-test 
situation. The teachers and the laboratory assistants 

had made a great effort to overcome the management 

difficulties in order to implement the modular course 

successfully.
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CHAPTER SIX
DIFFUSION AND DISSEMINATION

a. The diffusion and dissemination processes of the 
modular course

The modular course "Micro-organisms and Man" was

developed as a response to specific needs which arose in

the kibbutz high schools, i.e. a need for learning

material in biology which can offer more independent
learning and which will increase the learning motivation

among the students.
The initiative to develop a new biology course was

local and has its roots in the previous attempts made
by the science teachers at the Hof Hacarmel School to
develop learning material suitable for the kibbutz high
school population.

At the beginning of the trials there was no strictly
defined dissemination strategy. There were some ideas,
but the majority of the diffusion and dissemination

events were a result of the inner, dynamic needs of the

implementation process.

Two different dissemination goals were in our mind:

(1) a short-term goal of recruiting trial teachers and

(2) a long-term goal of encouraging teachers to write new 

learning units.
(1) The short-term goal was to recruit and train

teachers willing to participate in the field test.
At this stage we wanted to spread information about
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the innovation to those who might adopt it, and also 

to inform the teachers about the skills and practices 
involved in the modular course. These practices 

and skills included new learning strategies, micro

biology techniques etc. To meet these needs 

Teachers’ Workshops were organized.

(2) The long-term goal was to encourage biology teachers 

to develop new learning units and modules, according 

to the ideas of the modular course "Micro-organisms 
and Man". The aim was to involve teachers creatively 

in the dissemination process. By developing their 
own learning material, suitable to their student 
population and school conditions, the teachers 
adopted the learning strategies on which the modular 
approach is based. At the same time the teachers 
also adapt the new learning material to their own 

personalities and needs.
Another aim was to enlarge the amount of learning 

units available and thus to increase the flexibility of 
the modular system.

Additional aims arose during the implementation 

process of the modular course.

Diffusion is defined by Kelly (1978) in a general 

sense, as referring to the spread of materials, ideas, 
values, attitudes and behaviour, related to the school 
curriculum, from one location to another.
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The term dissemination is used by Kelly in connection 

with the strategy by which it is intended that the 
innovation be passed on.

The author is using these definitions in this 

research.
The diffusion process is essentially a human inter

action by which one person communicates a new idea to 
one or several others.

Two major types of communication channels are men
tioned by Hoyle (1972):
(i) Impersonal channels: These include the various 

mass media as radio, television, journals etc.
(ii) Personal channels; The personal channels are 

further divided into two forms : (1) Formal, e.g. 
lectures, conferences, meetings etc., (2) Informal, 
e.g. unplanned association amongst teachers and 

others.
It should be emphasised that formal and informal 

channels are not always easy to distinguish.
In the context of this research several definitions 

of communication channels and activities were used:
(1) Official channels: Activities which were initiated

by the author or by others and which took place at various 
institutions, such as the Ministry of Education, the 
Curriculum Centre, Departments of Education at various 

Universities, Teacher's Colleges etc. These activities
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were executed in a formal manner and included formal 

meetings, conferences, official visits to trial schools, 

presentation and publishing of research papers, organiza

tion of teachers' workshops at regional and national 
level, etc.

(2) Unofficial channels: Diffusion activities which were

initiated mainly by the author and in which teachers and 
potentially influential individuals working in key 

institutions participated. Among these activities were 
informal visits to trial schools, partial trials of the 

learning units, discussions at meetings etc. Most of 
the activities were unplanned and happened incidentally.

Kelly (1978) points out that much diffusion occurs 
incidentally and through unofficial channels. One of 
these unofficial channels is formed by active, local 

groups of teachers, led by an enthusiastic individual. 

Osborne (1977) defines this group leader as 'the most 

crucial cog in the dissemination machine'.

(3) Semi-official channels: This category was introduced

to cover activities which could not be defined by the 

former categories. The innovation was locally based and 
the tests, the trial and the field test, were organized
by the author. On the other hand, official elements such 

as the biology Inspector, Head of School etc, gave the 

research financial and other support. The local teachers' 
workshops, for instance, were initiated by the author, but
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financed by the Ministry of Education.

An overview of the communication categories used in 

the research is given at Tab. No.l on the page 6.7

b. Patterns of diffusion and dissemination

The diffusion and dissemination processes of the 

modular course^Micro-organisms and Man*^went through 

different chronological phases. Each phase had a 

particular pattern. These patterns of diffusion and 

dissemination will be described here along five chrono
logical stages:
Stage 1. The generation phase of the modules 
Stage 2. The Trial-test period
Stage 3. The revision phase of the modular course
Stage 4. The field-test period
Stage 5. The post-field test period
Stage 1. Diffusion during the generation phase (March 
1979 till August 1979)

The development of the modular course "Micro

organisms and Man" began at the University of Bath at the 

beginning of 1979 and was continued in Israel until 

August 1979. The diffusion activities were centred at 

the Hof Hacarmel School and included talks with the 

science teachers and the management of the school. In 

addition to these activities talks were held with such 

influential personalities as the biology Inspector, 

representatives of the Israeli Science Teaching Centre
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and others. First contacts were made with biology 
teachers in the area near Hof Hacarmel School, who were 
known to be interested in innovation.

Refer to figure 1.
Figure 1
Diffusion patterns during the generation phase
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Stage 2. Diffusion during the trial-test phase (September 
1979 till February 1980)

The learning modules were tried out at the Hof 

Hacarmel School (see Chapter Trial Study). The initiative 

for the trial came from the author but the execution of the 

trial was carried out with financial and other help from 

the Hof Hacarmel School. As we are regarding the school 

management as an official institution, the trial test 
should be seen as a semi-official event. Informal talks 

and exchange of views were held with experts in Micro
biology at the University of Tel Aviv and with the 
representatives of the Science Teaching Centre in 
Jerusalem.

With the help of the biology Inspector local 
teachers' workshops were set up and held at the Hof 
Hacarmel School during the trial-test period. These 
workshops acted as support groups and as a recruiting 
body for teams of trial teachers.

Incidental, informal talks with teachers were held 

on various occasions. Teachers interested in the innova

tion began to visit the trial groups at the Hof Hacarmel 

School and two neighbouring kibbutz high schools asked 

for permission to use some of the learning material of the 
modular course, at their schools.

The author was invited to give a lecture about the 

new modular course at the Teachers’ Training College of
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the Kibbutz Movement at Oranim. This was the first 
official attempt of diffusion. Some official visits 
of trainee teachers to the trial school followed.

We might notice that at this stage the diffusion 
activities were already of several kinds : unofficial, 
official and semi-official. However, most of the diffu
sion activities were still at the unofficial level.

Refer to figure 2.
Figure 2
Diffusion patterns during the trial-test phase
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Stage 3. Diffusion during the revision phase (March 1981 
till August 1981)

The revision of the learning material was done by 

the author in Bath and in Israel. The informal talks 

and exchange of ideas with teachers continued at this 

stage and the first official negotiation with the rep

resentatives of the Ministry of Education took place.

The involvement of the Ministry of Education increased 

during this stage, by the granting of financial support 
for the publication of the revised learning material and
for buying audio-visual aids. The ministry also

' 1
increased its assistance in organizing teachers’ work

shops .
An article about the modular course was published

in August 1980 in the Biology Teachers’ Bulletin (Israel).
The use of official communication channels increased
at this stage.

Refer to figure 3.
Stage 4. Diffusion during the field-test phase (September 
1980 till May 1980)

The field-test of the modular course "Micro-organisms
and Man" was carried out in six regional high schools.

(See chapter Field Study). At this stage the modular

course was already known to a relatively large number of

biology teachers and was accepted by the Ministry of
Education - the Department for Agricultural Education, as

a valuable innovation. Important financial and organiza-
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Figure 3
Diffusion patterns during the revision phase
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tional help was given by the Ministry of Education.

The Head of the Department for Agricultural Education paid 

a visit to one of the trial groups at the Hof Hacarmel 
School and other official visits followed. Influential 

personalities with whom unofficial talks had previously 

been conducted now gave the project their moral and 
professional backing.

Regional and national workshops were held in which 

teachers of city high schools also took part. The work
shops, together with the publishing of an article, extended 
the potential consumer population beyond the kibbutz 
high schools e.g. city high schools, agricultural schools 

and others. The Central Office of the Israeli Teachers' 
Centre asked for copies of the modular learning units, 
especially of those in which audio-visual material was 

incorporated.
The author gave three lectures about the modular 

approach in a teachers' in-service course at the 
Department for Science Education at the Technion; he 
also gave a presentation at the Fifth Conference of the 

Israeli Educational Research Association (lERA), held at 

the Bar-IIan University.
Besides these official communication channels, other 

unofficial channels were used. Biology teachers con
tinued to visit the trial groups at the Hof Hacarmel 

School and informal talks were held at these occasions.
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Dr Duncan Harris, one of my two supervisors at the 

University of Bath came to Israel in October 1980 and 

visited several trial schools and a teachers' workshop.

An interesting new use of the modular learning units 

was initiated in a kibbutz settlement: a group of 18

adults (age group 30-60) attended a two month evening 

course given by the author and studied one module of the 

modular course "Micro-organisms and Man". The partici
pants warmly accepted the modular approach.

At this stage an additional dissemination strategy 
was used - the writing of new modules. Members of the 
science department at the Hof Hacarmel School developed 
three additional learning units :
(i) "Green micro-organisms". This unit was developed 
as a class unit for a future module, "Algae-as Allies", 
and has by now been implemented in two classes.

(ii) "Boy or Girl". This unit was an attempt to 

implement the modular approach in teaching Genetics and 

will be tried out in the next academic year.

(iii) "Acids and Bases". This is a learning unit in 
chemistry. At the various stages of teaching the micro
biology course we found it necessary to introduce remedial 

lessons in basic chemistry. This unit "Acids and Bases" 
can be used for this purpose and also as an independent 

learning unit in a chemistry course.
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Two more units "Lichens" and "Viruses" are now being 

developed in two other kibbutz schools.

At this trial-test phase, the use of official and 

formal communication channels dominated. The teachers 
workshops became regional and then nation-wide and so the 

information about the innovation reached an additional 

social structure - the city high school teachers.

The lectures given at the Technion, Haifa, and the 

paper presented at the conference at Bar-Ilan University, 

brought the message about the innovation to the notice of 
the Israeli educational research community.

The incidental and informal activities in the diffusion 

process continued also at this phase and had its importance 
as at the beginning of the project.

Refer to figure 4.
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Figure 4
Diffusion patterns during the field-test phase
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Stage 5. Diffusion during the post-field test (July 
1981 - October 1981)

This phase could also be called the phase of official 

recognition. During the field test and after the com

pletion of the trials, various institutions expressed 

their interest in the modular course, for example the 
Israeli Science Teaching Centre in Jerusalem, The School 

of Education of the Hebrew University, and the Curriculum 

Centre. The latter proposed to establish a group of 

teachers for the writing of new modular learning units in 
microbiology, as a part of the new agriculture-biology 
curriculum. The Curriculum Centre also proposed to use 
the existing learning units in this new national curriculum, 

At the beginning of the recent academic year a group of 
teachers started to develop new learning material with the 
assistance of the author.

During the summer holidays a four-day national 

teachers' course was held at the Ben-Gurion University in 

Beer Sheva. Thirty teachers took part in this course, 

mainly from non-kibbutz high schools. At this course the 
team of teachers from the nearby trial school Eshal Hannasi 

played an important role. These early adopters acted 
here as influential dissemination agents. In the future, 

this school which is located near Beer Sheva, will act 
as a Tutoring Centre for the southern schools interested 

in implementing the modular course. The course was 

successful and the participants requested to hold another

short course in the winter holidays.
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In the meantime the several trial schools expressed 

their intention of continuing to implement the modular 

course, or parts of it, in the academic year, 1981-82.

At the time of writing three other schools asked already 
for assistance in implementing the modular course in 

their 10th grade classes.
An important step towards linking the dissemination 

process with the further developmental stage is the 
proposal to establish a Teachers' Centre at the Hof 

Hacarmel School. The initiative came from the Hof 
Hacarmel team of science teachers and was warmly welcomed 
by the Department for Agricultural Education and the 
Israeli Science Teaching Centre. Financial and other 

aid was promised in carrying out this project. The main 

goals of the Teachers' Centre are:
(1) Tutoring teachers who intend implementing the modular 

course
(2) Encouraging and helping teachers to develop new 

learning material.

At the same time a second revision of the learning 

modules is considered, following the results of the field 

test, which directed the author's attention to some 

desirable changes. They will be worked out later in 
Israel.

Refer to figure 5.
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Figure 5
Diffusion patterns during the post-field test
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c . Teachers and laboratory assistants workshops

Workshops for teachers were held from the beginning 

of the period of research as an integrated part of the 
implementation and diffusion process.

(1) During the trial phase three workshops were held.*
i. A two day workshop was organised and held at the 

Hof Hacarmel school. At this workshop the trial- 
team introduced the first edition of the learning 

modules to a group of interested biology teachers, 
mainly from the neighbourhood. The workshop schedule 
included presentation of the first module, some 
practical work with a learning unit and a lecture 

about wine making. A visit to a wine cellar was 

also held.
ii. In the second workshop the participants visited 
a trial group and could follow the innovative 
program at work. A summarizing discussion was held 

after this visit.
iii. The third workshop was devoted to the presentation 

of the second and third modules. Talks were held 
with the teachers about the possibility of taking

part in the field test, due to be held in the next 

academic year.

(2) During the revision phase one workshop was held.

This workshop was the first meeting of the field-test 
trial group. A discussion about the learning strategies
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of the innovation was held and some management problems 

discussed. Some participants were new and had not attended 

the previous workshops. A system of communication between 

the trial schools was organized and future workshops 

planned.

(3) Field test workshops
At the field-test phase several kinds of workshop 

were organized:

Trial teachers’ workshops. Regional and National 

workshops.
i. Trial teachers’ workshops

Two workshops were held, again at the Hof Hacarmel 

School, and a third one at the Microbiology Department at 
Tel-Aviv University. At these workshops various imple
mentation difficulties were discussed, including: 
questions about the design of various workbooks, and 

management and organisational problems. Lectures in 

Microbiology were held and the first outcomes of the 

students interviews were presented. The author had 
prepared a recorded summary of students negative opinions. 

After listening to the students opinions an interesting 
discussion followed.

An additional summarizing workshop was held.' Views 

were exchanged and future implementation plans discussed.
ii. Regional workshops

Two regional workshops were organised. The participants
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were non-trial teachers. One workshop was held in the 

North, and the second in the South of Israel. At these 

meetings the modular course was explained and the 

innovation strategies discussed. The teachers also per

formed some of the modular learning activities. This 

active experience with the learning material was an 

important feature at all workshops,
iii. National workshop

A national workshop was held at the Department of 

Education of the Bar-Ilan University, Ramat Gan. A large 
group of biology teachers actively tried one entire module, 
including both class and group units. After completing 
the various group units the teachers presented them to the 
audience. An important discussion was held about the 

importance of such presentations by students.
(4) Post-field-study teachers’course

In this phase a 3 days inservice teachers’ course was 
held at the School of Education of the Ben Gurion University, 

Beer Sheva.

The course schedule included:

i. Learning microbiological teahniques, staining 

methods, inoculating methods etc.

ii. Lectures in Microbiology, antibiotics, micro

organisms and genetics, etc.
iii. Active acquaintance of the participants with 
the modular material. The teachers actively tried 

out one entire module and afterwards presented their
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findings to the whole group. A discussion followed 

about the importance of such a mode of learning.
The practical part of the course and its 

supervision was carried out by the laboratory 

assistants of the nearby trial-school, Eshal Hanassi. 

Their previous experience with the modular course 

contributed to the success of the teachers course, 

d. Patterns of the evolution of the teachers * workshops 

There is no doubt that the various teachers workshops 
played a very important role in all stages of the diffusion 
process. The nature of the various workshops changed 
during the project and therefore it would be interesting 
to follow the trends of these changes, in such areas a 
organisation, objectives of workshops, participants, etc. 
The Patterns of initiative in organising the various work
shops were similar to those seen in the dissemination 
process, ranging from unofficial, local activities to more 

official, geographically-wider dissemination activities.

The evolution of the various types of workshops is 

shown in Tab. No.2

i. The local workshops develop into trial-teachers 

workshops, which later will be the base for establishing 

regional-tutoring centres.
ii. The local workshop is replaced by regional and even 

nationwide workshops. Later a longterm teachers course 
will be held.

iii. In the near future, national teachers courses are 
planned but the regional character of the communication
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channels will still be preserved by establishing regional 
tutoring centres and a regional teachers' centre at Hof 
Hacarmel.
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d. Findings

(1) The dissemination strategies

The aims of a dissemination process could be cate

gorized, according to Kelly (1978) as adoptive, adaptive 

and innovative aims. Adaptive aims : which intend that 

teachers will adapt an innovation and implement it 

faithfully. Adoptive aims: which intend that teachers 

will adopt some aspects of an innovation to their current 
practise. Innovative aims: which intend that the 
dissemination of an innovation will act as a stimulus for 
further innovation.

The adoptive and the adaptive aims of an innovation 
are shorter term aims ; and the innovative aim is planned 
for the future.

At the trial and the field test the author’s 
intentions were to implement the modular course faith

fully with regard to the content sequence and learning 

strategies. At this stage he was more interested in 

adoption than in adaption. These aims were achieved 

at the trial test. During the field test we found very 

soon that the teachers at the different trial schools 
changed one or more aspects of the modular course, 
according to the situation that they had to contend with. 

This adaptive process of the innovation took place in 

four of the six trial schools (see chapter Field Study). 

The third, innovative aim of the diffusion process
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was planned for the field test and for the post-field 

test phase. The new learning units developed in the 
Hof Hacarmel School, and the other units which are being 

prepared in other schools indicated that the modular 

course is acting as a stimulator for further innovation 

and thus is one of the possible ways of achieving the 

innovation aim. A similar dissemination strategy, by 

promoting local initiative in developing new units, was 

used in the project ’’Understanding Science 5-13” (Harlen, 

1975).
The communication channels used in the diffusion 

and dissemination processes of the modular course were 
of several kinds: formal and informal, official, unofficial 
and semi-official. These channels were, of course, 
influenced by the fact that the innovation was developed 
on a local school basis, and was not influenced or 

initiated by the authorities.
Personal and incidental communication channels between 

fellow biology teachers were the main diffusion activities 

at the trial phase. Research into communication indicates 

the potency of interpersonal contact. An individual 

may first become aware of an innovation through the media 

or by formal means, but will not adopt it until he is 
influenced by somebody known to him personally (Katz 

1961, Lionberg 1971). The informal, personal contact 

is seen by Meirhenry (1966) and Erraut (1972) as a vital
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factor in the early stages of a diffusion process.

At the same time a beginning was made at attempts 

to spread the information about the new modular course to 

other teachers and schools. This was done mostly by 
informal and incidental communications. Shipman (1974) 

values as an important task in the diffusion process the 

creation of a network of 'critical friends'. This 

network could have formed growth points for later 

diffusion.

The most effective personal contact between the 

developer and the potential adopters was apparent at the 
various workshops. In addition to the personal contact 
the teachers gained active experience at the workshops by 
trying out the learning units and the learning strategies.

The new learning units which were developed or 
planned indicated that the teachers are interested in 
further development of the innovation. It should be 
emphasised that the process of writing new learning 
material is a complex one and needs guidance and support; 
preferably it should be accoinpanied by a workshop.

Only during and after the trial test, when the first 

workshops were organized and the information about the 

new course had reached the authorities (Ministry of 

Education, Israeli Science Teaching Centre etc), more 

official communication channels were involved. The 

information about the innovation reached these institutions 

by means of unofficial channels, for example: talks to
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influential individuals and interested authorities.
To pass on the information about the innovation, the 
personal channels were useful but to persuade the teachers 

to use the innovation personal contact with teachers was 

more effective. Similar findings are cited by Rogers 
(1962).

The influence of the more official, impersonal 

channels, such as published papers and lectures, is 

perhaps a long term one and will show its impact only 
later. Two years after the modular course was generated 
these official channels showed the importance in the 

diffusion and dissemination processes.

More official visits to the trial schools took 
place, a national teachers course was held and the Ministry 
of Education shows its interest in including parts of the 
modules in the new agricultural curriculum. The Hof 

Hacarmel Science Teachers were asked to write, in 
co-operation with other teachers, new modular learning 
units in Microbiology for the next academic year.

The geographical spread of the trial schools seemed 

to be a disadvantage to begin with, but finally this wide 

distribution of the trial schools proved to be advantage
ous. For instance, the Eshal Hanassi School, located 

near Beer Sheva, became a "centre of experience", as 

quoted by Harlen (1975). This school became a "Consulting 

Centre" for the Beer Sheva area, a growth point for 

further dissemination. We hope that in the near future 

other schools will become such centres for dissemination.
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Eraut (1972) suggested a regional model for in- 

service education which includes, besides informal and 

unplanned consulting work, some formal activities as 

well. This regional model consists of an information 

and consulting regional centre, similar to the Eshal 

Hanas s i funetions.
Another important event in the dissemination process 

of the modular course was the proposal to establish a 

permanent Teachers’ Centre at the Hof Hacarmel School.
This centre will be established for tutoring teachers 
who are implementing the modular course in the Hof 
Hacarmel region and in other parts of the country, and 
will act also as a centre for writing new modular learning 
units, according to the ideas behind the innovation.

Such a centre, based on everyday school activities 
and reflecting the real needs of students, can 'fill the 
gap between the development of an innovation and their 

utilization by schools' (Gagne, 1978). Tyler (1978) 

also recommends the establishment of such 'educational 

laboratories', which would have the responsibility of 
carrying out the middle-men function in the dissemination 

process.
By exploring the diffusion an dissemination strategies 

used in the project we can identify a system of communica
tion channels which originated at the innovation- 
developing centre, at the local school. The project

received its support, both officially and unofficially.



6.31

from schools and institutions. Potentially influential 

key individuals helped to implement and to disseminate 

the innovation.
(2) The patterns of diffusion and dissemination: a summary 

Following the patterns of the diffusion and dissemina

tion processes of the modular course "Micro-organisms and 

Man" (see Table No.3 on the next page) we can observe 

that at the development phase the diffusion activities 
were mostly unofficial, personal and quite incidental.

These patterns were influenced by the fact that the 
innovation was developed on a local basis and was not 
initiated through official channels.

The organization and the execution^ of the trial test 
was the author's responsibility and therefore the main 
diffusion communication channels were initiated by the 

author and were unofficial and personal. At the trd.al 
test, the management of the Hof Hacarmel School was 
involved, and with the assistance of the biology Inspector, 

the first workshops were set up. This brought in a semi

official influence at this phase.

At the revision phase official communication channels 

were already used but the unofficial and semi-official 

dissemination channels still dominated.
At the field-test phase the influence of the official 

communication channels increase significantly. Impersonal 
channels were used and the teachers workshops became
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regional and national.
At the post-field test phase a process of official 

recognition started. At one end the unofficial face 

to face interaction between the advocates of change and 
the potential adopters of these changes still continued, 

but at the other, official end of the process, more and 

more institutions were themselves becoming involved in 

the dissemination.
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CHAPTER SEVEN

DISCUSSION

a. Introduction

The aims of this research were based on the specific 

needs of a kibbutz high school population. The unique 

kibbutz education philosophy, (i.e. collective education 

and the absence of sélective promotion and formal incen
tives) created a need for developing learning material 

and teaching methods, which would increase the independent 
learning possibilities and the intrinsic learning motiva
tion amongst kibbutz high school students.

Biology teaching in Israel is mainly based on the 
high school biology curriculum - BSCS.(Biological Science 
Curriculum Study, An Inquiry To Life). This process- 
oriented biology curriculum considerably improved the 

teaching methods in biology, but did not adequately 

provide for differences in student ability. There was 

a need for a biology course, partly based on the BSCS 

learning content, but with more challenging, motivating 

learning material and with a greater variety of learning 

modes and media.

In coming to choose the subject matter of the new 

course several facts were considered:

1. Biological principles can be demonstrated through 
the study of micro-organisms.

2. Practical work involved in microbiology has an impor

tant educational value.
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3. Microbiological topics can be very interesting and 

relevant to the students and thus (particularly with their 

agricultural background) increase the learning motivation.

The design of the learning material was therefore 

based on several conceptions:

1. The subject matter has to be interesting and relevant 

to the students’ environment.

2. The organization of the learning material should be as 

flexible as possible.
3. The learning and teaching strategies should be a 
synthesis of several modes of learning and teaching, and 
include such different aspects as teacher's activities, 
independent learning and group activities.
4. The learning material should be developed in a way 

which may be used effectively in heterogeneous classes.
The learning units developed according to these 

principles should provide motivating learning material 
with a special emphasis on independent learning.

As will be explained later, the design of the course 

"Micro-organisms and Man" incorporating this specific 

learning strategy proved suitable for achieving the 

basic aims of the course,

b . Evaluating the Innovation

The modular course was subjected to two tests - a 
trial test executed in an experimental school and a field
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test, where six trial schools took part.

In the trial test the main type of evidence obtained 

consisted of judgemental data in that teachers, laboratory 

assistants and experts, as well as students, provided 

opinions, judgements and reactions to the course material 

and learning strategy. The data were gathered by inter

views , opinionnaires and discussions at the support work

shops. The students' learning outcomes were tested by 
several achievement tests, and by a short pre and post 

test. A diagnostic pre-test was used in order to learn 

about the students' previous knowledge of biology, related 
to the microbiology modular course.

The major focus in the case study was to obtain 
information about:

a. the feasibility and suitability of the learning material
b. the learning strategy, and

c. the major flaws of the course.

The course was revised in the light of these findings. 

The field test was a larger-scale trial. In the trial 

case study, learning material was presented in a relatively 

crude form. In contrast, after being modified on the 

basis of flaws found during the trial case study, the 

instructional material for the field test was better 

printed and more attractively produced.

The evaluation study of the field test was based 

mainly on the illuminative approach to evaluation. The 

researcher wanted to follow the implementation of the
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innovation and was mainly concerned with measuring general

ized educational attainments. This approach enabled the 

author to get an overall picture of the implementation 

process of the course, because its primary concern is 

description and interpretation rather than measurement and 

prediction. Various information-gathering instruments 

were used in the evaluation study of the modular course, 

such as classroom observations, interviews, opinionnaires, 

implementation reports, tests and others.
The use of some of the instruments raised different 

questions:
i. A classroom-observation procedure was developed by 

the author to observe the students behaviour during the 
independent phase of learning. Interaction between teacher 

and student and between student and learning material 

and learning media was observed and recorded. This 
observational procedure made it possible to receive a 

clear picture of what the students' activities actually 
were in the independent phase. The findings allowed the 

author not only to get an overall picture about the student 

population but also to get an idea about the profile of 
individual students.

The difficulty in using this procedure more extensively 

was the shortage of manpower. This constraint did not 
allow the researcher to use the procedure in all the trial 

schools to the same extent.
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ii. The student and teacher/laboratory assistant opinion

naires formed another collecting data instrument used in 

the evaluation study. The field test edition of the 

opinionnaire was shorter and the statements more clearly 

formulated than in the first trial. These opinionnaires 

supplied valuable information about the students’ and 

teachers' reactions and opinions towards the course and its 

various components. The author was aware of the fact

that the reactions obtained were made only to those 

aspects deliberately chosen by him. This point should be 

taken into account when analysing the data from the 
opinionnaires as should the consideration that because of 
the different implementation routes of the course, not 
all the students had the same amount of experience with 
the various learning modes and learning media. Their 

reactions to the statements are therefore not based on 

the same acquaintance.
iii. Interviews with students and teachers were held 

during the trial and field test. All interviews were 

recorded, transcribed and then translated from Hebrew to 

English. This tedious and time-consuming procedure could 

easily cause bias in interpreting the outcomes.

The two interviewers carrying out this procedure were 

aware of the difficulties and tried to overcome them. The 

interviews were structured by preparing a number ̂ ofL basic 
questions in order to acquire information which could
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not be obtained in any other way. The researcher's 

intention to widen the students' reaction to the basic 

questions, in order to create a more conversational type 

of interview, was only partly fulfilled.

In spite of all these difficulties very important 

information reached the researcher by this procedure,

iv. The diagnostic pre-test was designed to measure the 

knowledge and skills which are a pre-requisite of the 

microbiology course. The test was based mainly on the 
biology curriculum of the 9th grade at the kibbutz high 

schools.

Analysing the diagnostic-test outcomes had two 
objectives:
1. To identify the possible need for some remedial 
learning.
2. To identify the possible need for changes in the 9th 

grade biology curriculum.
The introduction of remedial learning caused various 

problems. This ought to have been done individually and 

therefore individualized learning material needed to be 

available. Very seldom was such material actually present 

in the various schools. If this remedial policy had been 

executed consistently there would have been a long delay 

before the slow learners were able to use the more 
attractive, motivating learning material: the Modules. 

Therefore the majority of teachers decided to use the
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information from the diagnostic pre-test only when revising 
the 9th grade biology curriculum.

V. The students' previous knowledge of microbiology and 

their achievements after completing the course were tested 
by a short pre and post test.

The results of the pre-test show a relatively low 

level of knowledge of some of the facts and concepts of 

microbiology. The comparison between the pre and post

test reveals considerable gain of knowledge.

The reader has to bear in mind several constraints:

1. Between the pre and the post tests the phenomenon of 

"death of information" occurred: 169 students answered 
the pre test but only 126 students answered the post test.
2. The test consisted of only 10 multiple-choice ques
tions and one open-ended question.

Therefore the results of the pre and post test 

should be treated with some reservations, 

vi. Achievement tests

Assessing the learning achievements of the students 

was one of the evaluation strategies. The author's 

original intention was to design a series of criterion- 

referenced-tests but because of the constraint of time no 

attempt was made to change the traditional form of the 

achievement tests used in the research.

The results of these achievement tests assessed the 

individual student's achievement and had no discriminative

nature.
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Some schools also used other tests in order to measure 

their students progress, but the researcher did not 

receive any further information about the outcomes,

c . The major findings

(1) The learning material - the Modules

The modular, microbiology learning material was found 

to be generally suitable for the target population. Micro

biology as the main subject of the course was found inter

esting. The students could easily follow the instructions 

written in the workbooks and were able to perform the 
different assignments. Various teachers, and also students, 
expressed the opinion that the learning material in the 
core, class units was sometimes on a low level. However, 
it is generally assumed that the core learning material 

has to be prepared at an average level, or even below 

that, and therefore the brighter students sometimes 

regarded the core material as too easy. This reaction 

of course, very often depends on the previous knowledge 

of the students and varies from school to school. Perhaps 

a more detailed diagnostic pre-test could help individual 

teachers to organise the core units according to their 

students’ previous knowledge.

It should be pointed out that some core units had 

extension activities at a higher level, but these 

proved to be insufficient. Providing more challenging 

material for the core units^ should be considered when
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preparing future modules. Another similar criticism was 

expressed about the instructions for the investigations, 

which were sometimes too detailed. In the revised future 

edition of the modules, more open-ended investigations 

should be introduced.

(2) Independent learning

One of the aims of the study was to encourage the 

acquisition of independent learning habits by the kibbutz 

high school student population. Was there really a need 
for a specific learning program to instil such habits?
The research outcomes show a lack of independent learning 
skills among many students, which were expressed by the 
phenomena of idling, great teacher-dependency and by a 
lack of a sense of responsibility towards their learning. 
The modular course which emphasized the various aspects 

of independent learning provided many opportunities for 

students to improve their independent learning skills.
This learning mode changed the traditional role of 

the student. Instead of being only a passive receiver of 

information and knowledge the student now demanded to be 

more active and more independent in his work and more 

responsible for his learning.

The findings have indicated a positive approach by 
students towards an independent mode of learning and a 
willingness to cope with the learning situation by 

themselves. For some students, however, this short
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learning episode was not enough to start the change in 

their traditional attitudes and habits towards their role 

in a learning situation. This part of the student 

population still remained dependent on the teachers 
supervision and lecturing.

For some other students this high degree of indepen

dency did not suit their personality and characteristics. 

Because the modular learning strategy included various 

patterns of learning modes, other than independent 

learning, this situation did not prevent those students 

from using the modular course successfully.
(3) Learning motivation

It is not easy to measure an increase of learning 
motivation in a relatively short course, but using a variety 
of data-collecting instruments it was possible to get a 

quite reliable picture.
The students reactions toward the subject matter 

'Micro-organisms and Man' was positive and even enthusias

tic. The diversification of content, the opportunity to 

choose between the learning units and the use of many 

styles of learning media had an apparently motivating 

influence on the students' interest to study. The motivat
ing factor originated from the learning material and the 

learning strategies themselves and did not come from 

external pressures such as examinations or disciplinary 
measures. This intrinsic motivation helped the students
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to overcome the management problems involved in the 
implementation of the modular course.

The modular course offered many learning opportunities 

which used the ability of the kibbutz children to work 
well with others: working in pairs, preparing group

presentations and executing class projects. These 
certainly had an additional motivating influence on the 

students.

(4) Implementation routes
The variety of implementation routes indicates 

that there were several interpretations of the idea of 

core and elective learning material in a biology course.
It also reveals a heterogeneous reaction towards the change 
of the teachers’ role when implementing the modular course.

Adar et al (1981) reported that Israeli curricula 
are overburdened with obligatory "essential important" 
materials. This situation certainly influenced the trial 
teachers in their decision to adopt fully the idea of core 

and elective units in the modular course.
Also other factors in addition to the teachers 

attitudes and beliefs, helped to create the different 

implementation routes. These factors included the 
different local conditions, such as learning facilities 

and time constraints.

The variety of implementation routes chosen by the 

different trial schools has also shown the value of the
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modular design of the course. This design makes it 

possible to implement and to adapt the modular course to 
the local conditions and also enables different schools 

to use selected learning units as independent learning 
material in various learning situations.

(5) Diffusion and dissemination

The dissemination strategy of the course "Micro
organisms and Man was not strictly defined at the beginning 
of the trials. Only two goals were formulated by the 
author, at this stage:

i. to recruit teachers to take part in the field test.
ii. to encourage teachers themselves to write new 
learning units.

The first of these goals was achieved mainly by 

personal contact with fellow biology teachers. As the 
implementation process went on at the field trial schools, 
the diffusion activities became an integrated part of this 

process. The various diffusion activities at the early 
stage of the field test were mostly informal, accidental 

and executed through unofficial channels. As the innova

tion became more widely known to Israeli biology teachers 

the diffusion activities increased in number and became 
more official. The author initiated the diffusion 
strategy by proposing the holding of both regional and 

national work-shops, by writing an article, and by 

presenting a paper at a conference. The message about 

the innovation reached two University departments of Science
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Education and the author was invited to lecture about 

the innovation.
The new learning units prepared by other teachers 

pointed to another trend of the dissemination strategy.

A link between the dissemination process and the 

future developmental phase was formed with the proposal 

to establish a Teachers' Centre in Hof Hacarmel. This 

Centre will act as a tutoring body for schools implement
ing the modular course and also encourage and help 
teachers to develop their own learning material.

As the field test proceeded, more and more official 

channels were used, but at the same time the unofficial 
channels, such as personal contacts with teachers, were 
still used.

The various diffusion activities created a framework 

for a dissemination strategy, which originated in a 
locally initiated innovation and finally reached official 

recognition in the post-field test stage.

(6) Management problems
One of the major outcomes of the two trials - the 

case study and the field study - was the clear necessity 

of establishing a management system which could guide 

the teachers, laboratory assistants and the students 
when performing the modular course. Various management 

and organizational difficulties emerged from the use of 

a variety of learning units and from the complexity of 

using many learning media in one course.
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After the trial study, a Management Guide to all 

learning modules was introduced and several organizational 

changes were implemented, such as the provision of a-v 

corners and changes in the preparation of equipment. In 

spite of these alterations, some management problems 

still remained and have to be urgently solved. These 
include:

i. Managing and monitoring various student activities 

which are going on at the same time.
ii. Following the progress of students who are working 
at their own pace.
iii. Organising activities for short periods of time,
d. Problems of Innovation

The magnitude of the innovation, introduced by the 

modular course "Micro-organisms and Man" was large. The 

course introduced many innovative aspects, such as: new 

microbiology topics, a large variety of modes of learning 

and learning media and a structured framework of progress. 

The students and the teacher-team had to cope with all 

these innovations in a single biology course.
The innovation urged certain organizational changes 

in the roles of the persons involved - teachers, laboratory 
assistants and students, when putting the innovation into 

practice. As a result the relationships between these 

people underwent a basic change. There is therefore little 
wonder that there was such a wide difference in the
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presentation, interpretation and management of the modular 

course. As a result, the relationship between these 

people underwent a basic change. There is therefore 

little wonder that there was such a wide difference in 

the presentation etc.

It should not be forgotten that the use of the 

ideas of the innovâtion-independent learning, multi- 
media etc was restricted to a single episode of the 
students' learning experience. For three hours a week 
the student was expected to change his behaviour accord
ing to the innovation's learning strategies and material; 
in all other lessons the didactive, or nearly didactic 
approach, still dominated.

The same, of course can be said of the teachers' 
role and behaviour.

The success of an innovation depends heavily upon 
the characteristics and skills of the teachers. The 

teachers were expected to have:

i. the ability to manage a complicated structure 

within the teaching - learning situation.

ii. the ability to use different learning media effectively,

iii. the ability to shift from one mode of learning to 
another.

The modular course also required the teachers to 
change some of their previous attitudes towards learning 

materials and learning modes, and to accept a change of
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their role in the classroom situation.

The teacher was not always happy with his new 

role in the classroom. No longer was the control of the 

pace of learning in his hands and no longer was he the 

main source of information. But the teachers were also 

interested in seeing their students more active and 

independent in the learning situation.

Together with this ambivalent reaction to the more 

independent and active role of the students, a different 
relationship between the students and the teachers was 
created. The students now got more advice than instruc
tion and the teachers were dealing more with students as 
individuals than with the class as a whole. The learning 
progress was now assessed more as the progress of each 
individual rather than the progress of the class as a 
whole. The relationship between teacher and student became 
more personal.

It should be emphasized that close co-operation 

with the laboratory assistants played a very important 

role in the successful implementation of the modular course 

The burden of the complex preparation of the investigation 

material and equipment was placed on their shoulders 

and their contribution to the smooth management of the 

learning process was large.
Teachers and the laboratory assistants taking part 

in such an innovation should have been given the necessary 

background and training to use the various innovation
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aspects of the course. Such support was offered only 

partly to the teachers and to the laboratory assistants 

in the form of the workshops, held before and during the 

field test. Several constraints such as shortage of 

manpower, time, money and organizational difficulties did 

not allow us to organise better pre-training.

In spite of the inadequate pre-training period, 

the teacher team was willing to make special efforts to 

ensure the course's success. They coped successfully 
with most of the management and other problems, but 
constantly pointed out the various weaknesses of the 
course in order to improve it in the future.

The success of the modular course is assessed in 
part by the extent to which it has fulfilled the basic 
aims, by the ways in which its ideas have been implemented 

by the teachers and, last but not least, by the extent of 
the diffusion of the course and its ideas.

The findings in both tests, trial and field test, 

indicated that the modular course "Micro-organisms and 

Man" is a feasible and suitable biology course for 10th 

grade kibbutz high school students. These findings were 

affirmed further by the interest, which was expressed by 

the Curriculum Centre of the Ministry of Education in 

Israel which proposed to use the existing modules in an 
Agricultural Curriculum and initiated the writing of new 

modules under the researcher's direction.
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e. Future Developments

By summarizing the various issues raised in this 

discussion several areas for further development and 
research can be suggested:-
i. The modular-cour se learning material

The microbiological topics of the course should be 

extended to include other topics which could be* relevant 

and motivating. Also they could be adapted for use by 

other groups of students, perhaps in other rural areas 

or in cities.

The learning units should include more challenging 
material for the brighter students. In connection with 
this problem a more elaborate diagnostic pre test should 
be developed.

Some material should be made available which only 
takes a short time to complete.

ii. The teacher

More consideration should be given to the teachers 

attitudes and expectations towards the various aspects 
of independent learning and the problem of elective 
material.

A pre-training program for teachers and laboratory 

assistants should be introduced before implementing a 
modular course.

A consulting Centre or Teachers' workshop should be 

available for teachers during the first stages of the

implementation process.
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iii. Management system

The Management Guides should contain material which 

can guide the teacher in the flexible use of the various 

learning units and provide the teacher with more back

ground information.
iv. Dissemination strategy

Monitoring of the diffusion and dissemination of the 

modular course should be maintained in order to achieve a 

better insight of the process.
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ACTIVITY No. 1 Micro-organisms: an acquaintance

What is a micro-organism? There is no simple 

answer to this question. The word "micro-organisms" 

is not the name of a group of related organisms as are the 

words "plants" or "invertebrates" or "frogs". The use of 

the word does, however, indicate that there is something 

special about SMALL organisms (small = micro).

Before we consider what the importance of being 

small is, we must emphasise that we are talking about 

small ORGANISMS. There are many objects of biological 

interest that are small: the cells of plants and animals 

are the obvious example. However, these are not organisms 

but only parts of them.

A MICRO-ORGANISM IS SMALL BUT IT IS ALSO AN INDIVIDUAL

We have said that the term "micro-organisms" does 

not define any particular group of living things but is 

merely descriptive of certain kinds of organisms. What is 

the relationship of micro-organisms to the plants and 

animals of which you are most aware?

The familiar division of living things into plants 

and animals is probably as old as human observation; 

however this is no guarantee of its validity. The classi

fication was made before any real information about micro

organisms had been gathered.



Also micro-organisms were observed by Anton van 

Leeuwenhoek as early as 1674, but it was not until the

development of the compound micro

scope in the 18th and especially 

in the 19th centuries that biologists 

became aware of the tremendous
I, I

centim6te« — ___— —  number and diversity of organisms

whose very existence could be 

demonstrated only with the microscope.

As information accumulated it became clear that the 

old and familiar division of the living world into plants 

and animals would not suffice. Where, for example, would 

one put a creature that was green and did not eat other 

organisms (so far clearly a plant) but was highly motile 

(thus animal-like), or a creature that did not move and 

yet ate other little organisms?

As early as 1894 the German biologist Ernst Haeckel 

suggested that a way out of this impasse would be to 

create a third kingdom, to encompass these organisms that 

were obviously neither plants or animals.

He proposed the name P R O T I S T A  for this kingdom.

The kingdom Protista includes all organisms that do 

not have any extensive development of tissues - that is, 

systems of distinctive cell types performing different 

functions.
This kingdom includes, then, all unicellular and micro 

scopic organisms, but includes many multi-cellular organisms. 
The latter have no tissue system.



KINGDOM PROTISTA (proposed by Haeckel 1866)

diatoms
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ACTIVITY NO. 2 Comprehension questions

After reading the previous passage 

answer the following questions in your 

copybook.

0.1 Define the basic properties of a Plant or an Animal,

as described in the previous passage.

0.2 Explain why a plant or an animal cell is not regarded

as a micro-organism, but an AMOEBA, which is of the 

same size, classified as a micro-organism?

Cheek epithel 
cells

b X )oo

Amoeba

0.3 Define the common properties of Micro-organisms.

Turn to Activity No. 3



ACTIVITY No. 3 Further division of the Protista

About 1950 the development of the electron 

microscope and the associated preparative 

techniques for biological materials made 

it possible to examine the structure of cells with a degree 

of resolution many times greater than that which had been 

previously possible with the use of the light microscope.

Within a few years many new features of cellular 

fine structure were revealed. This led to the recognition 

of some fundamental differences in cellular organization. 

The most important of these differences has to do with 

the structure of the CELL NUCLEUS.

In cells of all organisms, except bacteria and 

blue-green algae (called today blue-green bacteria), the 

nucleus is surrounded for most of the life of the cell by 

a NUCLEAR MEMBRANE.

This membrane is not found in the BACTERIA and 

BLUE-GREEN ALGAE.

The term EUKARYOTIC is applied to cells in which the

nucleus is surrounded by a membrane.

The term PROKARYOTIC is applied to cells which lack a

nuclear membrane

See a comparison between the two 

types of cells on the next page.



A comparison between an Eukaryotic cell and a Prokaryotic 
cell

nuclei; 5 

membrane

lell
mbran

{ % cell v/all
k , /

nucleus

cell wall  ̂ -
cemK- oytoplasma

' M A T f j e -  ■

cell membraiic

This new recognized division runs through Haeckel's 

proposed kingdom of protista.

All bacteria (including blue-green bacteria) are 

prokaryotic.

Protozoa, fungi and algae are eukaryotic, and so are 

the plants and animals.

The term PROTISTA can now be most useful restricted 

to the relatively simple eukarytoes: protozoa, fungi and 

algae. It becomes a collective name to distinguish them 

from plants and animals. They are termed also as HIGHER 

PROTISTA.

The term LOWER PROTISTA is sometimes used for bacteria, 

Viruses are not included in the term Protista because

they are not cellular organisms.



THE PLACE OF THE PROTISTA IN THE LIVING WORLD

plants

algae X  /funglX^ ^protozoa 
IGHER protista(true muoleua.no tls/ue)

bacteria blue-green ^6t.
LOWER PROTISTA /  
no nuolear membrane y

STUDY this broad outline of the Protista and their 

relationships with plants and animals.

Question:

What is the difference between the lower and 

the higher Protista?

answer this question in your copybook.

Q for more information about features 

distinguishing Pro and Eukaryotic Cells

turn to the next page
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Some Features Distinguishing Prokaryotic from Eukaryotic Cells

Feature Prokaryotic cells Eukaryotic cells

Groups Bacteria, Blue-green 
bacteria

Algae, fungi, protozoa 
plants and animals

Size range 1-4 microns or less greater than 5 microns

Structure of 
nucleus

not bounded by nuclear 
membrane

bounded by nuclear 
membrane

one circular 
chromosome

one or more linear 
chromosomes

no mitotic division mitotic nuclear 
division

nucleolus absent nucleolus present

Cytoplasmatis 
nature and 
structure

cytoplamatic streaming 
absent

streaming present

pinocytosis absent present

ribosomes distributed 
in the cytoplasm

ribosome arrayed on 
membranes

mitochondria absent present

chloroplast absent may be present

Golgi structures 
absent

present

endoplasmic reticulum 
absent

reticulum present



ACTIVITY NO. 4 Viewing slides

Ask the teacher for the slide 
sequence The Protista and for a 
recorded commentary.

The printed commentary to this 
sequence can be found on page 32.

After having viewed the slide sequence answer the 
following questions.

Q.l What distinguishes the Viruses from the Protista? 

0.2 What are the characteristic features of the Algae?

0.3 To which groups belongs the following organisms?

Yeasts
Penicilium
Paramaecium
Bacillus

0.4

after having answered these questions

turn to Activity No. 5

^ V'LLil̂
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ACTIVITY No. 5 Distribution of Micro-organisms in Nature

Micro-organisms occur nearly everywhere in nature 
They are carried by air currents from the 
earth’s surface to the upper atmosphere. Even 

those indigenous to the ocean may be found many miles away 
on mountain heights. They are found in sediments at the 
bottom of the ocean at its greatest depths. Fertile soil 
teems with them. They are carried by streams and rivers 
into lakes and other large bodies of water. They occur 
most abundantly where they find food, moisture, and a 
temperature suitable for their growth and multiplication.

Since the conditions that favour the survival and 
growth of many micro-organisms are those under which people 
normally live, it is inevitable that we live among a 
multitude of microbes. They are in the air we breathe and 
food we eat. They are on the surface of our bodies, in 
our alimentary tract, and in our mouth, nose, and other 
body orifices. Fortunately, most micro-organisms are 
harmless to us, and we have means of resisting invasion by 
those which are potentially harmful.

turn to next page
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r
Investigation: Finding Micro-organisms

Part One: Fungi and Microbes
In this investigation you will compare the 

various micro-organisms present in our immediate 
environment : Air, Water, Body surface and
Soil.

Materials and Equipment 
4 Petri dishes with Nutrient Agar 
some soil, different kinds of pond 
water and other sources 
2 droppers 
a marker pen

Procedure
1. Open one petri dish to the air for 10 minutes. Label.
2. Put a thumb print on the petri dish. Label.

On the same petri dish put some stuff you have taken 
from between your teeth.

3. Put 20 drops of pond or other water on the petri dish,
4. Put about % of a teaspoonful of each of several 

different kinds of soil on the petri dish.
5. Put the dishes in an incubator (35°C) for a few days.
6. Look at them every day for a few days. Can you see

anything growing in your dishes? Don't open them, 
just look.

turn to the next page
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7. Following incubation, study the growth on your agar 
plates. Note the differences in COLONY size, shape 

and appearance.
What are colonies and how are they formed?

Study the following diagram

How bacterial colonies form

III

When bacteria are deposited on a solid nutrient medium the cells begin to 
reproduce and increase in number—as in (i). They form a 'micro-colony'- 
(ii)—which is invisible to the naked eye but as their num ^rs increase so it 
is possible for the colony to become visible to the unaided eye as a minute 
'dot' which' is really a collection of ceMSMiii).

turn to the next page
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8. Try to determine which are fungi colonies and which 
are bacterial colonies.
Positive identification of micro-organisms requires 

complex microscopic examination and biochemical testing. 

However, the first step in identification involves 

observation of colony characteristics.

Moulds - typically produce large patches (up to 3 cm 
diameter or more) of fluffy growth and many species are 
coloured blue, green, brown or black by the spore forming 
structures.
Yeasts - typically produce fairly large colonies (up to 
5 mm), often glistening creamy white in colour and with 
raised, wrinkled central portion.
Bacteria - produce a wide variety of colony shapes and 
colours but are usually quite small (l-2mm). However some 
species capable of swimming in surface moisture produce 
widely spreading colonies, while others capable of rapid 
growth produce spreading root-like colonies.

m

More investigations
Grow your own "Garden of Micro-organisms". 
see : BSCS, Yellow version - Exercise 9.2

BSCS, Green version - Exercise 6.1
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9. Make a copy of the table below in your copybook 
Record your findings.

Places which were 
tested for Micro-org. Colony shapes Abundance Types

Air

Water

Soil

Body

Prepare a summary of your findings for the class 
discussion. KEEP one petri dish in the refrigerator, for 
further investigations.
Guide to terms used in colony description

Colony shapes 0
entire

u n d u la te

rh izo id

W hen  seen sideways th e  co lon ies  m a y  be: 

raised 

f la t

u m b o n a te  

papil la te

C o lo n y  pigmentation also aids 
id e n t i f ic a t io n
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Investigation: Finding micro-organisms
Part Two: Protozoa and Algae

One of the best places to look for protozoa and 
algae is in stagnant pond water.

Materials and equipment 
pond water 
dropper
microscopic slides

&
Procedure

1. Put a small drop of stagnant pond water onto 
a clean slide with a dropper.

2. Cover the drop with a cover slip.
3. Look at the slide under the microscope, 

looking for micro-organisms of different 
shapes and sizes.

4. Make clear drawings of the micro-organisms 
you see.

5. Use different sources, books, etc to 
identify the algae and the protozoa.

A Guide to some common freshwater micro
organisms is attached to the this workbook.

turn to Activity No. 6
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Activity No. 6

Intermediate Summary 
The last activity deait with the Distribution of 
Micro-organisms.

In connection with this topic you have performed 
several investigations.

WRITE
A short essay about your investigation-findings, 

in connection with the distribution of micro-organisms.
Let us call the essay: ’’Micro-organisms Around Us"

Having completed the essay hand it over to your 
teacher.

turn to Activity No. 7
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ACTIVITY No. 7 Microbiological techniques
Because you will be dealing with organisms that you 
cannot see, the techniques of handling and growing 
micro-organisms must be mastered before any laboratory 

work can be undertaken. Therefore, it is essential that 
you learn the methods by which micro-organisms are handled 
and grown.

The methods and techniques can be mastered with a 
little practice.
Procedures 
Aseptic Techniques

In dealing with micro-organisms, the glassware, 
needles, loops and all other materials used in handling 
these organisms must be scrupulously clean. It means 
that they must be sterilized to remove or kill all micro
organisms that may be present.

The techniques of using materials which have no 
living micro-organisms on them are called ASEPTIC TECHNIQUES.

Micro-organisms can be removed or killed by the use 
of heat as in an autoclave or pressure cooker; by flaming 
or by chemical means such as the use of acids, alkalies, 
salts, and various other compounds such as alcohol and 
phenol.

When you work with micro-organisms all equipment and 
culture media must be sterilized. However, when we 
transfer micro-organisms from one piece of equipment to 
another they are at least briefly exposed to an environment
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in which there are unwanted micro-organisms. If the 

unwanted micro-organisms are introduced into the colony 

of micro-organisms with which we are working, they are 

called CONTAMINANTS.

We have to handle the cultures in such a way as to 

prevent the introduction of contaminants.

Equipment

Micro-organisms are so small that it is impossible 

to handle them individually.

The INOCULATING LOOP is a simple tool 

designed to handle clusters of micro-organisms.

Before using the loop, sterilize it 

by passing it through a flame until the loop 

is red hot, then allow it to cool in the air 

before use. However the loop must not be 

allowed to touch anything except the material 

to be handled.

The Petri Dish (plate), named after one of 

Robert Koch's students, comes in two parts.

Each part is a flatbottomed glass dish with a small rim.

A very convenient alternative to the glass dish is a ready- 

sterilised, disposable, plastic one.

A culture medium is poured into the smaller half of 

the dish; the other half serves as a lid to prevent micro

organisms in the air from getting onto or into the culture

O

medium.
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CULTURE MEDIA
One of the problems in culturing micro-organisms is 

finding a substance on which they can grow. What was 
needed was a culture medium that would have all the sub
stances necessary for growth of bacteria and also be 
sterile. Robert Koch first used his NUTRIENT BROTH or 
soup, which he mixed with gelatin to make it solid. A 
woman called "Hesse” suggested that Koch try AGAR, an 
extract of seaweed. Agar proved to be the ideal medium 
for solid culture techniques. It is attacked only by a 
few microbial species and it does not soften until a 
temperature of 100°C is reached. The liquid agar does 
not solidify until it is cooled to 42°C.

Read more about Preparing Culture Media, 
in Biological Science: Interaction of 
experiments and ideas; pp

Read more about the Nutrient Requirements 
of Bacteria. Ask for a worksheet.

turn to Activity No. 8
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ACTIVITY No. 8 Culturing Bacteria

^ \ In nature many kinds of micro-organisms are
found growing together but when we grow, or 
CULTURE, micro-organisms in the laboratory, we 
usually want to separate the different kinds 
and grow each kind or species as a PURE CULTURE 

In the following exercises we shall learn 
how to obtain pure cultures from a mixed 
culture of micro-organisms.

Exercise No. 1 Making a broth culture of bacteria

Watch the slide-sequence 
"Inoculating fluid culture media"

Ask for the slides and for 
a recorded/or written
commentary.

Having viewed the slides, perform the exercise.

Materials and equipment 
culture of micro-organisms 
on plates from your previous 
investigation, 
bottles of nutrient broth 
inoculating loop 
bunsen burner
marker
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Exercise No. 2 Making plate cultures

m

Procedure:

r/4. 2

Materials and equipment 
Sterile petri dishes with nutrient-agar, 
cultures of microbes (from exercise No. 1), 
inoculating loop, bunsen burner, marker.

Flame the inoculating loop and take a culture 
of microbes in the left hand.
Remove culture lid with little finger of 
right hand, flame neck of bottle and draw 
loop across surface of culture to obtain 
bacteria on the loop.
Remove loop, flame neck of culture bottle 
and replace lid.
Lift lid off petri dish and place loop at
one side, gently brushing the surface,

2covering no more than about 1 cm area (Fig. 1). 
Remove loop and flame sterilise it. Allow 
loop to cool and re-insert it in petri 
dish. Place loop in the inoculum already 
placed on the plate and stroke out away 
from inoculum (as Fig. 2).
Re-sterilise loop and complete pattern of strokes 
as in the figure, sterilising between each stroke 
Seal dish with adhesive tape at sides.
Incubate overnight at 35°C.
Record the results in your copybook.
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ACTIVITY No. 9 Comprehension questions
Answer the following questions in your 
copybook.

0.1 Make a list of ways in which contaminations might 
get into a culture while it is being transferred 
from one test tube to another?

0.2 How can such contamination be prevented?

0.3 What are the advantages of growing micro-organisms
as pure cultures?

0.4 Define the term "Colony of Bacteria".

Vont pipe and
pressure regulator 

Safety v a lv e ---------

Pressure gauge  

F la s k -----------------

Layer of fo il

Pressure cooker used as autoclave.

turn to Activity No.
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ACTIVITY No. 10 Looking at Bacteria

Bacteria are single celled micro-organisms. 

Living bacteria are almost colourless, and do 

not present sufficient contrast with the water 

in which they are suspended to be clearly visible.

Although bacteria do not appear greatly different 

from their surroundings, they differ markedly CHEMICALLY.

It is this chemical difference that enables us to dis

tinguish bacteria by staining, the stain or dye generally 

reacting with the bacteria cell but not with the background, 

GRAM-STAINING is the most useful procedure employed 

in bacteriology. By using this procedure, it is possible 

to divide bacteria into two groups:

gram-positive and gram-negative bacteria.

The procedure involves staining the cells with the 

dye CRYSTAL VIOLET; all bacteria will be stained blue.

The bacteria are next treated with an iodine 

solution and then decolourized with alcohol.

Gram-positive bacteria retain the crystal violet 

Gram-negative are decolourized.

The reason for this differential reaction is the 

different chemical nature of the CELL WALLS of gram- 

positive and gram-negative bacteria.
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The division of bacteria into gram-positive and 

gram-negative correlates surprisingly well with other 

I characteristics,
I For example:

I - all spore-forming bacteria are gram-positive
j - the gram-negative bacteria are, as a rule, more

I resistant to many antibiotics than gram-positive
] ones.

I We shall exercise the gram-staining method in the
I next activity.

Study the following drawings of the various types of 
' bacteria.
I . ' - '

|Fig.1.1. Shapes of bacteria-coccus Fig. 1.2 Shapes of bacteria-bacillus, spiral and comma shapt

1 -

1 coccus-spherical or near 
1 spherical cell 
!Sizevaries-but is in .
;the region of 0*5 to  
,1’0/im diameter.

0 baciUus-ro(i  shaped cell longer 
than it  is broad ŒD i

[^taphylococci-ceWz arranged in 
1 clusters

Staphylococcus aureus 
Staphylococcus albus

1
I

9 f ’
small w ith  rounded ends 
e.g. Escherichia co ll

%  :
. ■ ■ I

streptococci^ceWs arranged in
'chains
eg. Streptococcus faecal is 

Streptococcus pyogenes

oooooo 
oooo ^

large, square ended 
e.g. Bacillus megaterium rppoxD i

---------------------
(Iiplococci-main\y  in pairs 
e.g. Diploccus pneumoniae oo

oo 8 CO
(P

vib rio -com m a shaped
curved rods
e.g. Vibrio comma

%

sarcinae-\n packets o f eights 
e.g. Sarcina lutea

%
sp irillum —spirally  shaped 
e.g. Treponema pallidum

i
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ACTIVITY No. 11 Gram - Staining

Ask your teacher for two 

film-loops ’'Gram-Staining", 

and a recorded commentary.

After having viewed the films,

perform the bacteria-staining method,

turn to Activity No. 12
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ACTIVITY No. 12 SUMMARY

Having completed all the learning activities in the 

class unit "Biology of Micro-organisms" study now the main 

points again, by answering the following "SUMMARY QUESTIONS" 

You can consult your partner or your teacher.

Write the answers into your copybook.

After answering the questions, you will be asked to 

do an Achievement Test.

Good Luck.’

SUMMARY QUESTIONS

1. How did the term Protista arise? What organisms do 

we refer to by using the term protista? What is the 

difference between the lower protista and the higher 

protista?

2. Where are micro-organisms found in nature? How may 

they be transferred from place to place?

3. What are the main purposes of an antiseptic technique?

4. How can you define a "colony of micro-organisms"?

A "culture of microbes"?

5. What is the main purpose of the Gram staining method?
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BASIC LABORATORY EQUIPMENT

(X

graduated funnel
cylinder

Petri dish

spot plate

V-jaw extension burette clamp

test tube Erlenmeyer flask

round-jaw burette clampHO
,p,mg tompre,«,r damp ji„g„ powl mortar ami pe,,I,

Ysupport ring

cork borer dropper scissors forceps syringe
and

needle

compressor \ \ Bunsen burner
pipette

clamp

test tube brush

ring stand inoculating loop
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GUIDE TO SOME COMMON FRESHWATER ORGANISMS 

Figure 9.1-2. Microscopic Organisms

AMEBOIDS: Pseudopods present. (a) Actinosphaerium

(spherical, with stiff radiating projections); (b) Amoeba 

(pseudopods, no shell); (c) Arcella (shell present).

CILIATES: Cilia on all or part of body. No flagella.

Some have chlorophyll. (a) Colpoda; (b) Vorticella;

(c) Paramecium; (d) Stentor ; (e) Euglena intermedia;

(f) Euglena intermedia (contracted); (g) Euglena ascus;

(h) Spirostomum; (i) Tetrahymena; (j) Didinium;

(k) Prorodon.

UNICELLULAR FLAGELLATES: One or more long whiplike

flagella. With or without cilia. Colourless. (a) Spironomas;

(b) Colladictyon; (c) Colponema.

COLONIAL FLAGELLATES: (a) Codonodendron; (b) Volvox 

(constantly rotating); (c) Pandorina.

ROTIFIERS: Bands of cilia near mouth. Colourless.

(a) Synchaeta; (b) Asplanchna; (c) Philodina; (d) Keratella.

SIMPLE BLUE-GREEN ALGAE : Dark green or blue-green clusters

in gelatinous sheaths. (a) Chroococcus; (b) Gloeocapsa.

FILAMENTOUS BLUE-GREEN ALGAE : (a) Gloeotrichia (in gelatinous 

sheaths that often run together); (b) Rivularia (tapering 

filaments in sheaths); (c) Nostoc (fitm sheaths);
(d) Anabaena (cells of different sizes, in chains);
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Figure 9.1-3. More Microscopic Organisms
SINGLE-CELLED GREEN ALGAE: (a) Ankistrodesmus; (b)

Protococcus ; (c) Euastrum; (d) Cosmarium; (e) Chlorella;

(f) Staurastrum; (g) Selenastrum; (h) Xanthidium;

(i) Treubaria; (j) Micrasterias.

COLONIAL GREEN ALGAE: (a) Sphaerocystis; (b) Dictyocphaerium;

(c) Hydrodictyon; (d) Coleochaete; (e) Scenedesmus;

(f) Pediastrum; (g) Sorastrum; (h) Chaetophora.

FILAMENTOUS GREEN ALGAE: (a) Mougeotia; (b) Oedogonium;

(c) Ulothrix; (d) Zygnemopsis ; (e) Desmidium; (f) Microspora;
(g) Splrogyra.

GOLDEN ALGAE (DIATOMS): Unicellular or loosely colonial

algae. Walls of silica, consisting of two overlapping 

halves that fit together like the halves of a petri dish.

(a) Stephanodiscus; (b) Navicula gracilis ; (c) Navicula 

rhynocephala; (d) Diatoma elongaturn; (e) Diatoma hiemale 

(girlde view); (f) Diatoma hiemale (valve view);

(g) Cymbella; (h) Pinnularia; (i) Asterionella;

(j) Tabellaria.

OTHER GOLDEN ALGAE : (a) Monocilia (branching filaments);

(b) Leuvenia (avoid or pear-shaped, solitary); (c) Tribone 

(cells cylindrical, joined end-to-end); (d) Chrysidiastrum 

(amoeboid cells joined in free-floating colonies);

(e) Botrycoccus (compact, irregular, gelatinous, semi-

opaque masses).
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Slide sequence "PROTISTA"

Commentary
The Protista include a wide variety of micro

organisms. In some ways these tiny creatures resemble 

plants; in other ways they are more like animals. In 

fact, it was this failure to conform to either group that 

first led to the breaking down of the principle of the 

two kingdoms, Plantae and Animalia, and later to the 
creation of a new third kingdom. Protista.

What distinguishes all members of the Protista from 

higher plans and animals is their relatively simple 
biological organization.

Now, switch on the slide projector and view the 
slide-series, accompanied by a printed or recorded 
commentary.
51.1 Here we will investigate organisms invisible to the 

naked eye: the viruses, blue-green algae and 

bacteria.

51.2 Bacteria and blue-green algae are cellular organisms. 

A thick wall surrounds the cytoplasm. Inside are 

thin strands of nucleic acid and scattered membranes 

containing chlorophyll.

51.3 Compare the two cells we have just seen. Both 

share DNA and chlorophyll. In the more complex cell 

most of the DNA is confined in the nucleus, and the 
chlorophyll is in the chloroplast. In addition.
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this complex cell also contains mitochondria, where 

high-energy metabolism takes place.

51.4 Bacteria have three basic forms.
51.5 A spherical bacterium is called a COCCUS. Cocci 

bacteria exist as individuals, joined in sheets, or 

formed into cubes.

51.6 Rod-shaped bacteria look like sausages. They occur 

singly or linked together like a string of hot dogs.

51.7 Solitary spiral bacteria look like corkscrews.

51.8 Blue-green algae are also simple cells. Almost 

all perform photosynthesis.
51.9 They look a lot like bacteria. Here a bacterium 

can be seen on the left, and a blue-green algae on 
the right.

51.10 Viruses differ from the blue-green algae and bacteria 

in an important way. They are exclusively parasitic.
51.11 Viruses are even more simple in structure. They 

must perform their metabolism in a host cell. How 
they relate to bacteria and blue-green algae will 

become understandable after we examine each of these 

organisms in turn.

51.12 Algae are among the world's foremost producers.

They create their own food and energy by photosynthesis 

Most algae inhabit the seas and oceans.

51.13 Algae vary in size and shape - from these tiny, 
single-celled diatoms ...
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SI. 14 .. to these small, many celled red algae.

SI.15 The commonest algae are grouped by botanists into 

six divisions. The greens, browns, and reds vary 

greatly in size. Diatoms and dinoflagellates are 

all microscopic.

SI. 16 The green algae include 5,500 species. They inhabit 

fresh and salt water. Some, such as this species, 

live attached to objects.

51.17 Red algae include 2,500 species. Most red algae are 

marine, though some live in fresh water or even on 

damp soil.

51.18 Diatoms have 5,700 species. They are golden- 
coloured when they are alive.

51.19 The most familiar fungi are the mushrooms.
51.20 The moulds, mildew, smuts, and rusts are lesser known 

fungi.
51.21 Slime moulds are related to fungi.

51.22 The leavened bread we eat owes its light, airy 
texture to a fungus, yeast.

51.23 This is the mycelium of bread mould. It grows on 

and into the bread.

51.24 Protozoa live in moist habitats, including water, 

the insides of animal tissue and damp surfaces.

51.25 Protozoa are the least plantlike of the organisms 

grouped as Protista.
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51.26 Protozoa move by floating into extensions of 

cytoplasma, by beating hairlike cilia, or by 

thrashing whiplike flagella.

51.27 Rhizopoda include the familiar amoeba.

51.28 Ocean-dwelling foraminiferans are also rhizopods. 

Their skeletons look like tiny seashells. They 

have left a useful fossil record.

Now switch off the slide-projector and answer the 
four comprehension questions on page 9.
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The constituents of milk
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ACTIVITY No 1 What is Yogurt?

Yogurt is a very important component of our diet. 
How is it produced?
This learning unit "Fermented Milk" is concerned 

with the investigation of this problem.

Ask your teacher for a glass of YOGURT and a glass 
of fresh MILK.

Put both blasses on your table and describe the 
differences between both samples, to the best of your 
observation.

Copy the following table (you can add other
properties as well.')

Taste smell

Fresh milk

Yogurt

turn to activity No. 2



ACTIVITY No. 2 The Constituents of Milk

You may have observed that there are some basic 
differences between Yogurt and fresh milk.

How did the Yogurt develop from fresh milk?
In order to find the answer to this question you 

should read the following article about the constituents 
of milk.

After reading the article you will be asked a few 
comprehension questions.

- Use the Glossary on page 8 -
(The following article was adapted from "Milk", 

by Stuart Patton, Scientific American, July 1969).

M I L K

The gross composition of cow's milk is as follows:

Fat 3.8%
Protein 3.2%
Carbohydrate 4.8%
Water 87.5%
Such an analysis, however, greatly oversimplifies 

cow's milk. For example, milk contains a large number 
of trace organic substances.

The statements that can be made about cow's milk do 
not apply uniformly to the milk of other mammals, because 
there are large variations in the composition of milk. For 
example the seals, sea lions and walruses have milk that 
is often like heavy cream, containing 40 to 50% fat. In

addition, their milk contains no or little lactose.
f-ĥ  following page)______________________
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COMPOSITION OF MILK yielded by five kinds of animal is com
pared. In a few species the variation is even more marked ; for ex

ample, the pinniped group, which includes seals and walruses, has 
milk that is ah >'it 50 percent fat and contains little or no lactose.



Comprehension questions 1.
1. Which of the five kinds of animals has the largest 
amount of protein in its milk? Which the largest amount 
of water?
2. Can you explain why a seal or a sea lion needs more 
fat than other mammals?

Write your answers in your copybook.
Having answered these questions, please continue 
reading the article.

A closer look at the milk
In addition to the major constituents already 

described, milk contains a large number of substances that 
occur in small amounts, ranging from 0.1% or so down to 
parts per billion. Among them are fatty acids, amino 
acids, sugars and others. Nonetheless the most important 
components of milk are the lipids (fats), the proteins and 
the carbohydrates (lactose).

The term lipid specifies a broad group of fatty 
substances found in biology systems, including those used 
for food. The lipids in milk are sometimes called its 
butterfat content; they exist as minute droplets or 
GLOBULES that under proper conditions will rise to form a 
layer of cream. Butter is 80% fat, and the part that is 
not fat is mainly water.
Proteins of Milk

As with proteins in general, the proteins of milk



are fundamentally chains of amino acid units. About 80% 

of the protein of milk is a protein named CASEIN. No 

other natural protein is quite like it.

One aspect of its uniqueness is that it contains 

phosphorus; it is known as phosphoprotein. In milk the 

molecules of casein are marshalled in aggregates called 

micelles.
Casein occurs in four distinct types called alpha, 

beta, gamma and kappa. The four types differ in molecular 

weight and in a number of other characteristics. KAPPA 
is unique in that it contains a carbohydrate, named sialic 
acid. It is assumed that each casin micelle contains each 
of four caseins. Hence kappa casein serves as a protec

tive device that keeps the casein micelles themselves from 
aggregating, which would give milk a curd-like consistency.

In the making of cheese the enzyme RENIN is added to 

milk to promote the formation of curds; the enzyme splits 

from kappa casein a peptide (= a small protein molecule) 

containing sialic acid, thereby destabilizing the casein 

micelles and giving rise to the formation of curds.
After the resulting WHEY, or watery portion, has been 
drawn off, the curd can be used to make cheese.

Another protein unique to milk is BETA-LACTO-GLOBULIN 

which accounts for about 0.4% of milk. This kind of 
protein contains a comparatively high proportion of the



amino acid CYSTEIN, which bears a reduced sulphor group 
(- SH). When milk is heated, these groups are released 
from the protein and are the source of the cooked flavour 
in heated milk.

Comprehension questions 2
1. What is the composition of butter?
2. What is the main protein in the cow's milk and why it

is called "Phospho-protein"?
3. How does the enzyme Renin cause the formation of 

curds ?
4. What is the source of the special smell and taste of 

hot milk? Write the answers in your copybook.
The Carbohydrate of Milk

The substance responsible for the slightly sweet 
taste of milk is LACTOSE, a carbohydrate with about a fifth 
the sweetness of ordinary sugar. Like casein, lactose is
found only in milk. Lactose is composed of a molecule of
GALACTOSE combined with a molecule of GLUCOSE, the simple 
sugar of the blood.

L A C T O S E

H- ÏH C OH

r / f — \ r \ „ xKr lA.
H OH A Ah
Galactose Glucose



Since the lactose is found only in milk, and only 
in the milk of certain species, one wonders why it is 
there. Indeed, it is reasonable to ask why milk con
tains carbohydrate of any kind, inasmuch as the most 
obvious role of lactose - providing a source of energy for 
the newborn - is fulfilled by fat from species such as 
seals. The synthesis of lactose in the mammary glands 
does lock up molecules of glucose drawn from the blood, 
and since glucose is a highly active metabolite that might 
otherwise go elsewhere in the body. It may be that the 
synthesis of lactose provides a means of ensuring that 
glucose remains in the lacting cell and so becomes a 
part of the milk.

Lactose may also be the carbohydrate of milk 
because it encourages certain desirable BACTERIA, which 
form lactic acid, to thrive in the intestine.

In conclusion, it would appear that the net effect 
of lactose from an evolutionary point of view was to 
promote the survival of the young, and so its synthesis 
was favoured by natural selection.

Comprehensive question 3
1. Describe some of the roles of lactose in 

milk, as mentioned in the article.

Having answered this question

turn to activity No. 3



G L O S S A R Y
to the article ’’MILK", by Stuart Patton

Amino acids

Carbohydrates

Evolution

Fatty acids

Lacting cells 
Lactic acid

Metabolism

A group of organic compounds which 
comprise the building blocks from 
which protein is constructed.
Organic molecules having the general 
formula c^^H2o)n, including sugars 
and polysaccharides.
Cummulative change in the characteris
tics of populations of organisms, 
occurring in successive generations 
related by descent.
Organic acids, which have usually 
straight chains and an even number of 
carbon atoms.
Cell producing milk.
Organic acid formed as a product of 
splitting up glucose.
All of the closely co-ordinated, 
delicately balanced chemical reactions 
that take place in living cells, 
entailing the breakdown of various 
nutrients and synthesis of cell 
material.

Metabolit

Organic substance

A substance formed in the metabolism 
process.
Living substance. In chemistry, 
molecules which contain carbon are 
called organic compounds because they 
are characteristic of living organisms

From: Cell and Molecular Biology, Eugene Rosenburg, 1971.
A Dictionary of Biology, Abercrombie, Penguin, 1957.



ACTIVITY No. 3
Identifying the various milk-components

By using different INDICATORS, you will be 
able to identify the presence of: Proteins, Lactose 
and fats, in fresh milk and yogurt.
Methods
(1) The proteins will be identified by means of 

special indicator tapes, called Albustix.
(Note the amount of protein indicated by the 
corresponding colour on the reference-table).

(2) The sugar lactose will be tested by means of 
an indicator, called "Benedict".
Test in the following sequence:
a. Pour Im 1 of milk/yogurt into a test tube
b. Add the same amount of Benedict solution
c. Heat gently (!) above a Bunsen burner flame
d. Note any change in colour of the solution 

An orange-brown colour appearing shows up the presence of 
GLUCOSE, a constituent of Lactose.

(3) FAT will be tested by applying a drop of milk/ 
yogurt on a filter-paper.

If a permanent transparent stain remains after the drop 
has dried out this is an evidence of fat in the tested 
solution (milk or yogurt).
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C o p y

this table into your copybook and write the 
results of your tests.

M I L K

YOGURT

Protein % Lactose + Fats

After completing your tests answer the following 
question:

Comprehensive question

(1) What are your conclusions about the composition of 
milk and Yogurt, according to your findings?

In the previous activities we have asked the 
question: "How is Yogurt made? What changes the fresh milk 
into a new substance?"

The first step in our investigations was to 
learn more about the composition of milk and to identify 

some components.
The second step will be to make your own yogurt.

turn to Activity No. 4
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Activity No. 4 Making Yogurt

Materials and equipment 
3400 cm beaker 

Bunsen burner 
Thermometer 
Teaspoon
2 pieces of muslin

fresh milk
commercially 
prepared yogurt

Procedure
1. Warm 350ml of fresh milk to 71°C.

This kills any bacteria that may cause the milk to 
spoil before the yogurt forms.

2. Cool the milk until it is about 43°C.
3. Add 3 teaspoons of commercial 

yogurt to the warm milk.
Stir with a glass rod.

4. Cover the beaker with muslin.
Leave in a warm place (40°C) 
for 8 - 1 2  hours.

The yogurt is finished when it moves away from the 
side of the beaker when you tilt it.
K E E P  half of your own-made yogurt in a refrigerator 
for further investigations.

turn to act 5.
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Activity No. 5 How is yogurt made of the fresh milk?

In the previous activities we have asked the questions 

how is yogurt made. Now we are nearer to the answer. 

Remember preparing the yogurt:

You added a little commercial yogurt 

to the fresh milk, which means that 

apparently there is ’something' in 

the yogurt which changes the fresh 

milk into yogurt.

Plan an experiment

by which you can test what did you add to the 

milk, which turned into yogurt.

You can turn to the module: Introduction to Microbiology

for some advice.

Record your plan in your copybook and turn to your 

teacher for advice.

Record carefully every step of your experiment and the 

results.

Well, what are your conclusions about the way milk turned 

into yogurt?

turn to Activity No. 6
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Activity No. 6 The Micro-organisms in Yogurt

As you probably found out - some kinds of 
Bacteria are involved in making yogurt. In a 

fresh yogurt two main kinds of bacteria are always present
1. LACTOBACILLUS bulgaricus

2. STRAPTOCOCCUS thermophillus

The first one is a rod-shaped (bacilli) and the main 
source the special taste of yogurt.
The second one is sphere shaped (cocci), grows faster 
than Lactobacillus and therefore makes the milk go sour.

The form and arrangement of cells in three genera of lactic acid bacteria; (a) L a c lo b a d llu s;  
(b) Streptococcus; (c) Pediococcus (phase contrast, X  2,180).

from General Microbiology,Stanier,Adelberg,Ingraham
T) 678
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The Lactic-acid bacteria activity 
These bacteria uses LACTOSE, the milk-sugar, in 

their respiration process, as an energy source, and give 
off LACTIC ACID as a waste product.

As the respiration is usually without the presence 
of oxygen, we have here again an example of an ANAEROBIC 
respiration, which we have encountered before, dealing 
with yeast fermentation, which produces alcohol as a 
waste product. This kind of fermentation is called 
alcoholic fermentation.

Lactic-acid fermentation is expressed as follows:

L a c t o s e  ----  ̂ Lactic acid 4- energy

As the bacteria grow, more and more lactic acid 
collects, giving the milk a sour taste typical to acids. 
What is even more striking than the change in taste is 
the change in texture of the milk. Lactic acid causes 
milk protein to become denaturated (not in its natural 
form) which means that the milk protein, CASEIN, changes 
its natural structure and CURD is formed (see the article 
Milk, page 5).

The milk becomes thicker and thicker. Such cultured 
milk, YOGURT, has a nutty, sour taste and a custardy 
texture.

turn to Activity No. 7
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Activity No. 7 Viewing slides

Ask your teacher for the slide 
sequence and a taped commentary 
- "Micro-organisms in Yogurt".

The printed commentary to this sequence is on page 23.

After having viewed the slide sequence answer the 
following 3 questions:

0.1 How is yogurt being kept fresh, although it contains 
quite a diverse population of micro-organisms?

0.2 Which bacteria belong to the Bacilli group and which 
to the Cocci ones?

0.3 Which Bacterium has an irregular shaped colony?

W M  • »

turn to Activity No. 8
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Activity No. 8 Making Cheese

Curd is the basic material in making cheese. In 
order to obtain curd from milk we have to cause the 
milk protein Casein to coagulate (read again the relevant 
passage on page 5). This could be done by an enzyme
called Renin or by an acid.

In this investigation we shall use lemon juice (an 
acid) or/and the enzyme renin to promote the creation 
of curds.

We shall also use your own-made yogurt from the 
activity No. 5, for making cheese.
Materials and equipment 
Fresh milk funel
beakers lemon juice
knife Rennet
cheese cloth

Rennet is an extract, in brine, of one of the 
digestive juices in the stomach of mammals. Its principal 
function is to coagulate casein although it also assists 
in the digestion of protein.

turn to the next page
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Procedure
1. Divide the milk into two equal portions.
2. Add 1 dessertspoon of lemon juice to one 

portion of milk and leave to stand in a 
warm room (incubator) overnight.

3. Warm the second portion of milk to 37 C.
4. Add 1% teaspoons junket rennet (% tea

spoon cheese-making rennet) to the milk.
5. Set aside in a warm place but do not heat 

it or stir it.
6. Look at the milk after half an hour.

Tip the beaker slightly and notice what 
happened to the milk.

7. Cut the stiffened milk with a knife, making 
cris-cross cuts. Notice the colour of the 
clear liquid (WHEY). The solid part is CURD,

8. Heat the curd and whey. Notice what 
happens.

9. Strain both mixtures through cheese cloths.
10. Squeeze the liquid from the solid curd on 

the cloth.
11. Add a little salt to the mixture on the 

cloth. This is CHEESE.
Repeat the procedures 6 to 11 with your own-made yogurt 
and with the second portion of milk, which was treated 
with lemon juice.

turn to Activity 9
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Activity No. 9 Comprehension questions

Answer the following questions in your copybook.

0.1 In activity 8 you have prepared cream-cheese by 
three different procedures.
What event was common in all three procedures? 
Explain.

Q.2 How is lactic-acid formed in the milk?

0.3 Why do you think it is not suggested to heat the
milk treated with Rennet?

Having answered the questions

turn to Act. 10
>
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Activity No. 10
Cheese manufacture

The manufacture of all cheeses depends upon the 
activity of micro-organisms. Several hundred varieties of 
cheeses are manufactured and the amazing fact is that most 
of them can be made from the same batch of milk. This is 
possible by providing conditions that favour the develop
ment of selected types of micro-organisms. Stated in 
another way, the quality and characteristics of a cheese 
are determined by the biochemical activities of specific 
micro-organisms.

Most cheese is made from cows milk, either whole or 
skimmed, but some varieties are prepared from cream and 
whey of other animals.

The following steps are generally performed:
a. Curdling the milk

The initial treatment of the milk results in the 
formation of a firm curd, which consists mainly of 
coagulated casin. To curdle milk, a starter culture of 
lactic acid bacteria is added to fresh milk, which is 
warmed to a temperature favouring their growth.

The watery fluid which separates out during the 
formation of the curd is called whey. It consists of 
approximately 93% water. Whey is a major waste product 
of the cheese industry, and much attention has been 
directed toward discovering uses for it.

turn to the next page
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b . Processing curd to remove moisture
After milk has curdled, the curd is separated from the 
whey by one of several techniques. The type of cheese to 
be manufactured determines how much moisture must be 
removed.
c . Salting
Sodium chloride is added to practically all varieties of 
cheese at some stage of production. It may be mixed with 
the drained curd, or it may be applied to the surface of 
the pressed form. Salting contributes to flavour, 
controls moisture by withdrawal of water, and prevents 
development of undesirable micro-organisms.
d. Ripening
Some types of cheese consist essentially of fresh curd,
e.g. cottage cheese. These are referred to us "unripened" 
cheeses. Most cheeses require "ripening" by bacteria or 
moulds after the curd is pressed into form (Bleu cheese, 
Roquefort etc.).

Comprehensive question
0.

Having answered this question

turn to Activity No. 11
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Activity No. 11 Viewing slides

Ask your teacher for the
slide sequence and taped commentary
- ’’Micro-organisms and cheese making”

The printed commentary to this sequence is on page 25.
/ y/-./ÿ" Having viewed the slide sequence answer the following
\  -■ \
2 questions:

Q.l

0.2

turn to Activity No. 12

I I !



Activity No. 12
S U M M A R Y

After having finished the various activities of the 
learning unit "Fermented Milk", prepare a written summary 
for the discussion which will take place in the class.

The preparation of the discussion will be done in 
two steps.
Step one: Prepare a written summary, together with your
partner or group, according to the "Guiding questions", below 
Step two: Initiate a discussion with other teams who
have studied this unit, so that you can plan together the 
presentation of the topics before the whole class.

Use visual aids, as transparencies, slides, etc when 
presenting to class.
Guiding questions
Answer in writing the following questions.
Ask your teacher for advice before the class 
discussion is held.

0.1 Describe the activity of lactic acid microbes.
How is lactic acid formed?

Q.2 Describe the activity of other bacteria in making 
cheese.

0.3 State briefly, how it can be proved experimentally, 
that the lactic acid bacteria are involved in making 
Yogurt.
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Activity No. 7 Viewing Slides
COMMENTARY
Slide 1. The first frame shows a range of food products 

which depend on the activities for their
Imanufacture. These foods are various milk 

products, bread, antibiotics etc.

Slide 2. Plate cultures of four of the common food

bacteria growing on nutrient agar plates (left); 

yeast and two species of fungus Pénicillium 

growing on malt agar (right).

Slide 3. Colonies of Streptococcus lactis growing on 

tomato juice agar plates.

Slide 4. Micrographs of Streptococcus lactis stained
by Grahm’s. The organism in Gram positive and 
has oval cells (cocci) arranged in chains.

Some strains of this bacterium produce the 
antibiotic Nisin which inhibits the growth of 
other bacteria.

Slide 5. Colonies obtained by streaking a loopful

fresh natural yoghurt on tomato juice agar.

Three types of colony can be seen. The large 

colonies are yeasts which vary in number with 
the age and yuality of the yoghurt. The 

intermediate irregular colonies are Lactobacillus 

bulgarious and the small colonies are Streptococcus 

thermophillus. The bacteria ferment lactose to
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produce lactic acid and eventually the milk 

protein coagulates. The low pH reduces the 
growth of spoilage organism and increases the 

keeping properties.

Slide 6. A close up of slide 5 to show one yeast

colony and the variation in bacterial colonies

Slide 7. Magnified view of the regular Streptococcus

colonies and the irregular Lactobacillus 

colonies.
Slide 8. Micrograph obtained after streaking a loopful

of surface liquid from fresh natural yoghurt 
and staining with the Gram stain. The long 

red shaped cells are Lactobacillus and the 
chains of cells are Streptococcus, both are 
Gram +.



25

Activity No. 11 Viewing Slides
1. Graph summarising the processes involved in cheddar

cheese manufacture. Bacteria are added in a 

'starter culture' to produce lactic acid. The milk 

curdles and the enzyme rennin is added to aid 

clotting of the milk protein. The curd is cut to 
release the whey, warmed to 3 5 and the whey 

separated from the curd. The curd is cut into small 

pieces (milling or cheddaring) and the last of the 

whey removed. Salt is added and the blocks 
pressed. Many changes occur during the maturing of
the cheese due to the activities of bacteria and
fungi or the enzymes released after their death.

2. Inoculation of a starter culture with a growing 
culture of bacteria. These would normally be a 

mixture of Streptococcus lactis. Streptococcus 

cremoris and Leuconostoc cremoris. This culture is 

then used to inoculate the main vessel.

3. Çurds and whey being separated in a large strainer.

4. Separated curd being moved to the moulding point.

5. Mature 40 lb block of cheese ready for wrapping.

6. Traditional 12 lb (5.4 kg) waxed cheddar cheese.
The wax excludes air and prevents mould growth and 

weight loss.
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7. Culture of Pénicillium camembert! growing on malt

agar. This fungus forms the white rind on Camembert 

cheese.

8. A small piece of Camembert rind stained with trypan

blue to show mycelial threads.

9. Growth of Pénicillium and yeast obtained by 

streaking a small piece of Stilton cheese on a malt 

agar plate.
10. Micrograph of the Pénicillium from Stilton cheese.

This fungus is the cause of the blue regions of 
the cheese.
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CHAPTER 4 THE TRIAL TEST



APP No 4a

d i a g n o s t i c  PRS- TNST

A, The student has the skill of using a light microscope

A clear plastic ruler has been placed across the middle of 
the field ^nd rovr of cells can he seen,
1000 microns make ur a mili-^etre. / 'ith this information 

and the dra^'ânp’ ans":er the auulicable Questions below.

I T T T T T T - m  T T I  T I I T  r i m - T T  I T I I I I I T T

PLA S T IC  RJJLÜU

IjThat is the average coil length in micron ?
a)l micron b) 1000 microns c)200 microns d)100 microns

2)Approximately how long is the nucleus?
a.)l micron B)75 micron c) 200 micron d) Imilimetre

3) By rrep--ring e microscope slide you are tr^-ing to make it thin 
as possible,^'h.y ?

a)Tt is easier to covet"the slide
b)lt makes it possible to use more than one slide eahh 

time.
c)lt makes it easier for the li^ht bean to penetrate 

through the slide.
d)lt makes it more rossible to achieve a greater 

magnification.
A)hhich organisms is the lar^ert?

a) Organimsm A-1.5 microns bjorganimsn b- 22 angstroms
c) Organisms C- 0,5 milimetre d)organisms, D- 0.01 milimetre



(Skills)

5#Vvhen using the low power objective
a) a greater area of the slide can be viewed than i-̂ ith 

a higher power objective
b)there is a greater ability to see smaller objects than 

with a higher power objective
c)the area of the slide in view remains the same,but the 

depth in view is decreased as compared with a higher 
power objective

d)the area is the same as with a higher power objective 
because the microscon is parfocal

6.If the letter R is placed in the field of a compound 
microscope as shown,the image would look like: 
a ) R  b ) ^  o ) ^  d ) y

7«Assume that the diagram below represents the nose-piece 
and lenses of a microscopee you are using,and that under lower 
power magnification you have just counted 63 evenly distributed 
yeast cells on your microscope slide.

About how many of these same cells 
will you see when you turn the nose-piece 
to high power?

a) 7 b) 21 c) 126 d) I89

8.If the diameter of the low-power field of your microscope 
was found to be 2 milimetre and the ration between the 

low-power and the high-power fields was 10,what would be the 
diameter of the high -power field be in microns ?

a) 0.2 b) 20 c) 40 d) 200



(Skills)

9. loolcin.̂ -̂  into the microscope,move the object being
examined to the HIG-IiT.In wh^^t direction does the image move?
a) to the right b) to the left c)left unchanged

V10,To determine the ngnificetion of a optical microscope 
we have to multiply
a) the magnification of the objective by the magnification 

of the ocular
b) the thickness of t̂ ie slide with the magnification 

of the objective 
c'the thickness of the slide amth the magnification of 

the ocular
d)thenumber of objectives by the magnification of the 

ocular.



Diagnostic -nre - test

B.The student knc’/s the coirimon and different parts of
a typiC'-l ca:.?hplant, anirial),

l.-hicn or the following is tru of all cells ?

a).Are be sicplly uhe same in Struotur e,yet différé nt
shape rnd funct ion

b /have a cell "̂r11 and a def inite nucle*r inê '.brane
c And less 1’.̂ di;"'î 'erent
d )Ih ve chloropla sts for 'a Î -pg food *

9,The structure of cell is most closely rel-'.ted to its

s)age h)nur:f'er of mitochondria c)function d )chloroplasts

3)The idea of structural organization in living things was 
made possible by

ajabiogenesis b)the theory of evolution
c)the cell theoig^ d)biogenesis

t

^)Dl-nt cells can be usually distinguished from animal cells 
because only plant cells posseses

a) cell 11s ^nd mitochondria 
b ) rol^i bod ies - nd -■ ouo 1 es
c)cell "alls and vacuoles 
d ) cb.ro 'osc.es ^^d mitocbondri^



The next ouestions are based on the following digrams:

5.The chromosomes would be found in structure 
a) a b) B c) C d) D

é)Thich part control the movement of substances in and out 
of the cell?

a) A b) B o) C d) D

7)Cell II "oulcl. be nrobablv be
a)en -'̂ nin̂ l cell b )a plant cell
c)abacterial cell c- a de-d cell

)̂-'-n or^anis-'s / -hose cells nossess structure A, is most likely 
ajd^ed b) large c; immobile d)small

ojlarly cell theory included the assumption that all cells 
Ir-.ne structures

c) I and I d) I and Ba) 0 ^nd E bE C a n d !

10 )"'hich of th^ -'recesses in liv'n" cells listed be leu
is most closely de-^endert on the cart marked C in the diagrams

a.)Cont-'ol of inheritance bO^hnufacturc of food
o'^um^lv of ""her dl^msnonse to cold



Diagnostic Pre-test

C, The student knows the functions of the various
structures of a typical cell,

1,Which molecules has fhe best chances to penetrate through 
a cell membrane :

a)a lar&e molecule
b) a smàll molecule
c) a large molecule soluble in li'^ids
d) a S'-"-'11 molecule soluble in water

2,The process of mi"osis insures 
ajunerual chromosome division.
b)that each sell "''ill have half the number of chromosomes 

of the parents
c )cuantitcstive but not qualitative division of the cells 
djecual division of the nuclear material

3,A membrane ^-hich acts in ""atch-dog" fashion ̂llo^ing
certain substances to pass in and out,but not others is,

a)pemeabl3 bjselective permeable c )non-permeable
d)porous

A,A cell "uth  ̂ chromosomes before mitosis "ill produce 
douvhter cells containing

a) A chromosomes b) 1 c'\ronosomes c } l6 chromosomes
chro "osomes

3.The function of chromosomes ir the cell is to
0.) digest food b) circulate food c) control cell sctivitif

c ) eliminate * *a ste produc"' s



(tunctions)

6 bno w o l  mitochondria ore likely to he correlated with 
disturbance in the cell's

?)division b)nrotein formation c)food supply
d) energy supply 

7,The function of ^rhich cell structure would be affected by 
a roison interfering with the formation of proteins? 

a )Centromeres b) Chlcrcplasts c)Ribosones
d) Mitochondria

BaThe U-shaped tube contains solution of sugar water separated
by a membrane impermeable to Sugar. A 1 0

In which side of the tube will
o
cU

the water level rise? 
ajSide A b)Side B

5 %  g iu c o s o  

su lu t io o

11

.— 10% g lu c o s t  
s o lu t io n

c)3oth sides d)Neither side
9.An animal cell(for example,a red Tblocd cell) placed in pure 

water is most likely to
a) shrink b) burst c) remain unchanged

djnone of the above

10.Green structures,presence in plant cells,allows the 
org= ni-sm to

a)renroduce b)exchange material "''ith the environ.sent

c )secrete d) rv’ce its o ' f o o d



Trial Test N°4b

Achievement Test

Class unit : FEBI.riîITrATIGN

1) A sugar molecule contain all the following,except: 
a)Oxygen h) Hydrogen c) Phosphorus d) Carbon

o2) In order to rise the temperature of 1.300 ml water from 14 C 
to l6^C,we need :
a) 3 kilocalories
b) 3 small calories
c) 13oo small calories
d) 1300 kilocalories

3 ) Alcohol is a product of decomposition of glucose,because 
it contains only:
a) 2 carbon atoms b) 6 carbon atoms c) 4 carbon atoms

d) no carbon atoms at all
4) A patient who has an Tetanus disease,as the result of a 

wound infection,was put immedialtely into a Oxygen-tent.
This treatement v/as given to him because the bacterium 
Clostridium tetani belongs to :
a) a group of aerobic bacteria
b) a group of facultative anaerobic bacteria
c) a group of obligatory e.haerobic bacteria
d) a group of prokaryotic organisms



5)Enzymes involved in a chemical reaction
a)are used up during the reaction
b)hecome decomposed during the reaction
o)react more rapidly as the reaction progressed
d)are not used up during the reaction

6)A11 carbohydrates mentioned below are mono-saccharides,ezcept
a) Glucose b) Succrose c) Fructose d) Galactose

7) The property of alcohol to yield energy(alcohol butns !) 
indicates that the alcoholic fermentation is :
a)A very efficient energy = supplying process
b)Not a very efficient energy supplying process
c)Efficient as the aeribic respiration
d)Indicates nothing like this

8)The enzyme Invertase was added to a sucrose solution*
By testing the outcomes of this reaction by an Bededict 
solution will show us that the outcomes are molecules of:

a)8uc.rose b)Glucose c)Galctose d) Protein

9) Completethe following pairs :
1*Invertase 8 )2 2 0 %
2«Catalase b)Suc ;rose
3*Alcohol c)C02
4# C0>2 ^^^6^12^6
5,Glucose e)di-saccharide
6.Sue rose f )C2H^0H



10.Among the differences hetvreen the yeast-raised dough and 
the short-dough we can list that the short-dough raise 
because of

a)Releasing 002 from anorganic matter in high temperature
b)Releasing COg fro anorganic matter in low temperature
c)The activity of yeast cells
d)There is no difference "between the two doughs.

80

7011. The enzyme will work "best in: ^
O g  60

a) an acid medium
b ) an alkaline medium
c) a neutral medium
d)none of these

12. The enz3nne will work best at 
a temperature of:
a)10 -2o'’c
b) 2<f- )0*C

çà so 
"o 40
li  30

o) 30- 40 C 
a) 40- 30*0

13. The information in the graphs
a)Will apply to all enzymes
b)Will apply to no other enzymes
c)May apply to other enzymes
d)Will apply to all living things

10 2 0  3 0  4 0  50

DEGREES C



14.What has been left out from the Fermentation equation,as 
written the following:

GLUCOSE Ethyl-alcohol CO2

alHgO b)Energy 0) 0 d) Nothing has been left out

l^JCalorie is a unit measuring the quantity of energ^r based 
upon

ajouantity of released light 
blQuantity of released heat
c)Ouantity of burnt up food 
dJLuantity of Oxygen used

OPEN QUESTIONS

DESCRIBE
with the help of this 

diagram the class-demonstration 
of the bomb-celoriemeter.

EXPLAIN
i.The aims of the

demoStration
ii.The procedure j

iii.Ho": is this 
der.■ 0nstration connected 
’̂mth the topic

'Permentation'«



App. No.4c TRIAL-TEST

STUDENTS OPINIONNAIRE TOWARD THE LEARNING APPROACH

INDEPENDENT LEARNING
20. Learning biology by this approach I was able to study 

more independently.

53. By using A-V aids I was able to study more independently.

7. This learning approach stifles, to a serious extent, 

my learning initiative.

43. This learning approach released me from any respon

sibility toward study.
23. By performing the different experiments by myself 

I understood the experiments goal better.
44. I found that I studied more independently because I 

had the opportunity of choosing the Group Units.
A-V AIDS
4. Using slides illustrates the learning topics well.

21. Using slides for the learning of subjects was 
unnecessary.

3. I can't see any advantage in using a tape recorder.

45. It is essential to combine the slides series or 

film-loops with recorded comments.

50. Using A-V aids makes me nervous.

51. Using A-V aids enhances my interest in the subject 

matter.

WAYS OF LEARNING

1. The class discussions contribute a lot to my under

standing of the learning topics.



22. It was a waste of time to arrange class-discussions.

46. I had no problems dealing with the variety of A-V 

aids.

16. The integrated use of different learning aids was 
very complicated for me.

40. The presentation.of the various Group Unit topics 

by students completed the information about the 

Modules topic.
52. Using 16 mm films didn't contribute a lot to the 

understanding of the subject matter.

SUBJECT MATTER
10. The various subjects of the learning units didn't 

really interest me.
28. I acquired a wide view of the world of micro

organisms .
48. The subject matter material was too difficult for me.
27. I would prefer to study other biological topics.
32. Studying the Group Units only hindered my under

standing of the main idea of the Module.

34. By studying the Group Units, I acquired a more

complete view about the Module's Topic.

INTERACTION - PUPIL : PUPIL

49. I would mainly prefer to study in large groups.

2. It's best for me to work alone.

29. I liked the combined learning in pairs and small 

groups.



11. Co-operation with my partner was very good.

31. I didn't learn much by studying in groups of 3-4 

students.
35. Not once was there competition between my partner 

and me.

INTERACTION - TEACHER : PUPIL

47. I didn't have much opportunity to speak with the 

teacher.
9. Often I discussed various questions in connection

with the learning topics with my teacher.
30. My relation with the teacher mainly concerned manage

ment and discipline matters.
12. Very often I found myself in confrontation with my 

teacher.
33. Incorporated in this learning approach there is an

opportunity to form a good relationship with the 
teacher.

36. It disturbed me that the teacher was more occupied 

in helping students than lecturing.
COGNITIVE DOMAIN * .

17. I feel that by learning biology by the traditional

approach I could have achieved more.

13. Using this learning approach I was able to proceed 
according to my ability.

24. Studying biology by the traditional approach I could

have learnt more.



8. This learning approach enhances my desire to study 

biology.
37. I acquired self-confidence in the using of laboratory 

equipment.
42. I felt that I acquired skill in working with micro

organisms .

AFFECTIVE DOMAIN

18. I enjoyed studying biology.

14. I always looked forward to the biology lessons.
41. Not once did I feel upset in the biology lessons.
25. Sometimes I studied under the pressure of competition 

with the other groups.
6. I don't like the composition of my biology class.

38. I enjoyed the class atmosphere.
LEARNING MOTIVATION

19. Most of the time I was willing to study another 
Group Unit or to do another learning activity if I 
had time left.

26. Not once did I take advantage by idling.

39. Even after the lessons I was interested in the 

topics studied in the classroom.

15. Most of the time I wasn't ready to start my work 

until the teacher was present.

54. Even when the various experiments lasted longer than 

the lesson, I always followed the results.

5. Not once have I started my study in the classroom 

before the lesson actually started or studied after 

the lesson finished.



App. No. 4 e  

TRIAL TEST
Commercial audio-visual aids used in the trial-test

1. The Protists, a series of 4 filmstrips 
EBE Biology Program
Encyclopaedia Britannica Educational Corporation

Fergus Davidson Ass. Ltd., Recource Centre Material 
376 London Rd. West Croyden, Surrey CRO 2SU

2. Teaching and Learning Microbiology:

Pt 3 Penicillin (slides)
Pt 5 Food from Microbes-Familiar foods (slides)
Pt 6 Food from Microbes-Unconventional foods (slides)
Laboratory Techniques, Part 1: Inoculating solid growth

media (slides)
Part 3: Gram's Stain (loop films) 

Camera Talks Ltd, 31 North Row, London WIR 2EN

3. Bacteria:Culturing, staining and examining (loop films) 

Technicolor 9345, Hubbard Scientific Co.

4. Micro-organisms in Soil (16mm film)

Guild Sound & Vision Ltd, Woodston House, Oundle Rd, 
Peterborough PE2 9PZ

Original audio-visual aids used in the trial-test

1. Yeasts in the Past (18 slides)
2. Nitrogen-Fixing Bacteria (10 transparencies)

3. Silage (12 slides)
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App• No. 4 ^
STUDENT’S RECORD CARD

Student :

Trial Study

Team numbe:

Module’s topic

Class Unit

Activity 1 2 3 4 5 6 7

toward the test achievement test
-

Group Unit :

Activity
1 2 3 4 5 6 7

'

prepar. present.

Group Unit :

Activity 1 2 3 4 5 6 7
•

prepar. present.



App. No,4g Trial Study

Learning Modules 

Micro-organisms and Man

Module: Introduction to Microbiology

LIST OF GROUP UNITS

Choose

one group unit. Consult your teacher before making 

up your mind.
Summarizing

of the group unit will be done by a short presentation 
to the whole class by the member of your group.
Group Unit No. 1.

Topic : Where do they come from?
Content : The unit deals with the old controversy about
the generation of micro-organisms. Do they come from non
living material, spontaneously, or do they originate from 
living material as other organisms?

Mode of learning: Reading, investigating.

Way of study: Pairs or groups

Group Unit No. 2

. Topic : Gram staining

Content : In order to identify various bacteria a
differential staining procedure called Gram staining is 
used. This method enables us to distinguish between two 

different kinds of bacteria.



Mode of learning; Viewing a film-loop accompanied by a 

recorded commentary; performing bacteria staining.

Way of study: pairs or individually.

Group Unit No. 3
Topic : Investigation methods in microbiology

Content : Laboratory study of micro-organisms requires

special techniques such as isolating and culturing micro

organisms. This group unit deals with some of these 

techniques.

Mode of learning : Viewing slides accompanied by a recorded

commentary, performing culturing and inoculating of 
bacteria.
Way of study: Pairs or individually.

Group Unit No. 4

Topic : Garden of Micro-organisms
Content : Micro-organisms are growing on various living
matter. Try out different substrates for growing micro

organisms .
Mode of learning : Investigating.

Way of study: Pairs or groups.



App. No. 4 h Trial Study

Some results of the Student’s Opinionnaire

Negative responses toward the modular course and its 

learning strategies.
The items are grouped according to the different topics 

of interest.

Independent Learning

17% agreed that A-V aids didn't enhance independent studies. 

17% the approach stifles the learning activity.

15% choosing group units doesn't make the study more 
independent.

A-V Aids
28% can't see any advantage in using tape recorder.
12% slides didn't illustrate the learning topic well.
12% using A-V aids makes them nervous.

17% A-V aids didn't enhance their interest in the subject 
matter.

Ways of Learning

15% it is a waste of time to arrange class-discussions. 
Subject Matter

10% didn't acquire a wide view of the world of micro

organism.

17% would prefer to study other biological topics.

Pupil:Pupil

26% dislike the combined learning pairs:group.



25% didn't think that the co-operation with their partner 

was very good.

26% dislike the work in large groups.
11% not once was there competition between him and his 

partner. .

Pupil:Teacher
36% didn't have much opportunity to speak with the teacher

12% didn't discuss various questions with the teacher.
16% the relation with the teacher was mainly concerned 

management and discipline matters.
10% were in confrontation with the teacher.
21% were disturbed by the fact that the teacher was more 

occupied in helping students than lecturing.

Cognitive domain

14% were not able to proceed according to their ability.

Affective domain

15% didn't look always forward to the biology lessons.
28% studied sometimes under the pressure of competition 

with other groups.

21% didn't enjoy the class atmosphere.

30% felt not once upset in the biology lesson.
Learning motivation

50% not once took advantage by idling.
15% were not interested in the topics studied in the 

classroom after the lesson.
26% were not ready to start their work until the teacher

was present.



24% didn't follow the results of the various experiments 

when lasted longer than the lesson.

35% hadn't started their study before the lesson actually 

started.



App. No. 4i Trial Test

Interviews - students
THE USE OF AUDIO-VISUAL MATERIAL

- The film loops are good. You can actually see the 

activities you have to perform.
- It is better to see the picture while reading and 

listening.

- The slides are interesting. It is more concrete than 

only reading.

- It is desirable to use the slides as a summary of an 
activity only; after you have completed the activity.
- There is a need to accompany the recorded commentary of 
the film loops by a written one. I carT"not remember the 
details if I am only listening.
- The film loops advance too fast and it is impossible to 
rewind it. Therefore I prefer slides.

- It is fine to work with a-v aids. It is a change in 

the routine.
- There should be a separate table with all the a-v 

equipment r'eady to use. You spend too much time with all 

the preparation.
- The slides are nice and they broaden the learning topic, 

but my table is always a mess, overcrowded with equipment.

- The loop films are excellent, especially when learning 

laboratory techniques.



- The film loop shows the technique in a professional 

manner.
- It is undesirable to use the film loops too much; you 

have to wait a long time until the projector is free.

But sometimes it is worthwhile.
- The film loops don't explain enough.

- The film loops are good, but if you have to answer 
questions and to see the film again - it takes too much 

time.
- The slides are good only when a good commentary is 

attached.
- Gram-staining film was good. I understood much more than 

if I had only to read the instruction.
- The a-v aids have to be better organized.
- The recorded commentary helps me to understand the slide

series.
I could do without some of the slides.
- It is nice to work with a-v material. Good to work 

with recorded commentary.

- The written commentary is better than the recorded one.
- I learn better from slides than from written material.

- Sometimes the slides show the same things as mentioned 
in the workbook. It is not worthwhile.

- The use of the recorded commentary is for me useless.

It is enough for me to have the written one.



- The film loop about Gram staining helped me a lot.

- I like this way of learning by watching slides. I 

learn a lot from it. I also like the films about experi

ments .
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A p p  N o  4k
Interviews" - students

Independent learning
- This learning approach seems to be very good. There is 

an opportunity to work at my own pace. I can go quickly 

in some topics and in others 1 can slow down the pace.
- In the former, lecture approach, if somebody doesn*t 

know something the whole class has to wait.

- There is no pressure on me to finish an assignment or 
to reach some goal, so 1 can work how 1 understand best.

- There are some students that sometimes are doing noth

ing. Not me but there are some and they disturb me.

- It bothers me that there is no home-work to do.
- The free choice of group units is good.
- 1 learn much more when 1 can investigate at my own pace.
- The free choice of group units is complicated. 1 did

not know how to choose. 1 would prefer that the teacher 

chooses the learning unit for me.
- If 1 can progress at my own pace 1 feel that 1 am 
learning much more.

- The group unit choice is good. Everybody is doing 

something else and it is interesting to choose your 

learning material yourself.

- It is a good idea to have group units but there have 

to be more class-units, too.



App. No.41
TRIAL TEST
Open-Question (subject matter). PRE - POST

1. The micro-organisms are a special group of organisms. 
Which organisms belong to this group?

2. Some micro-organisms perform a process called 
FERMENTATION. Explain what you know about this 

process?

3. What would be the greatest damage to the human being 

if suddenly all the micro-organisms disappeared?

4. There is an abundance of micro-organisms. Explain 
some of the reasons for this.

5. When you work with micro-organisms, all equipment and 
culture media must be sterilized. WHY?

6. Describe some of the ways micro -organisms help the 
farmer?



A P P  N o  4m
Interviews - students

Presentations of the group unit topics

- Personally, I don’t like this presentation. I am 

nervous when facing the whole class. You don’t always 

know the material well.

- I prefer a written summary than to explain the topics 

to the class.

- The presentation has to be interesting in order to 

keep the attention of the listeners. The students have 

not enough experience in lecturing and therefore the 
teacher has to bring the main points of the group units 

before the class.
- The students often use words and concepts that are not 
clear to themselves. If you ask them questions you are 
embarrassing them.
- The student has to consult the teacher before the 
presentation. Last time I was confused when I didn’t 
know the answer to a question.

- The presentation is by all means a very good thing.

It is impossible to learn everything and I like to know 

what the other groups are learning.

- The students don’t present the material so well but if 

I met this topic again in the future, I would understand 

better what is going on.
- If the presentation is done well it is important to do 

it.



- It is important to improve the presentation. They have 
to be prepared better, but I have learned a lot from the 

various group presentations.
- It is good that other students know what you have done 

but there is inattention in the class-room: not everybody
is listening.

- The presentations are important because they strengthen 

my self-confidence. My self-confidence increases with 
the next presentation.

- More time has to be devoted in preparing the class 
presentation.
- I am not so sure that the presentations are useful.

You learn less this way about the topics than by actually 
doing them; but this is the only way of knowing what your 
neighbour is doing.



CHAPTER 5 THE FIELD TEST - AN EVALUATION STUDY



App. No.5a FIELD STUDY

CORE questions for student’s interviews

1. What is your reaction toward the modular course?

2. How does the modular course compare with your previous 

biology studies?
3. How do you find the outlay of the workbooks? Can 

you easily progress from one activity to another?

4. This course is giving students a choice of study 

units. What is your reaction to this strategy?

5. What is your opinion on the students' presentations 
of the group unit topics?

6. Is the modular course giving the student the 
opportunity to study at his own pace? Do you see 
this as a definite advantage or does it bring up 
problems?

7. This course is organised into modules and each module 
is divided into learning units. Does it help you

to understand the main idea about the world of micro

organisms and their impact on man?

8. What is your opinion about the varicfus investigations? 
Are the instructions sufficient or are they too 

structured or too detailed? Do you have difficul

ties in performing the various investigations?

9. How do you organise your work with your partner?

Are you happy with the co-operative work?



10. In this course we are using various audio-visual

learning material. What is your opinion about the 
slides used in the course? Are they helping you in 

your study or do they disturb you? Are the film- 

loops efficient in learning laboratory techniques?



App. No5b FIELD STUDY

CORE questions for teacher’s interviews

1. What is your reaction to the subject matter of the 

course: Microrbiology?
2. What is your general reaction to the innovation?

3. What is your opinion about the various learning 
strategies used in the modular course?

4. How do the students generally react to the modular 

course?
5. What are the management problems you have had to 

solve and how did you use the Management Guide?
6. Are you happy with the different role you are now 

playing in the classroom?



App. No.50

Field Test '

Students Opinionnaire
Thirty statements focused into 5 areas of interest:

1. Learning motivation

2. Interaction teacher : student

3. Learning strategies
4. Instructional media

5. Independent learning

Area 1 - Learning motivation
27. Studying biology by the modular approach increased

my interest in the learning topics.
25. I would not like to study the rest of the biology 

course in the same manner.
3. I was looking forward to the biology lessons.

22. I would like to study other courses in the same

manner.

21. I tried not to attend the biology lessons.

Area 2 - Interaction Teacher : Student

19. I needed a lot of assistance from my teacher when 

learning by the modular approach.
26. The modular approach enabled me to have frequent 

. discussions with my teacher.

20. I would prefer to study biology with the whole class 

than in small groups or in pairs.



4. When the teacher explains the topic to the whole 

. class I understand better than by learning it 

independently.
23. It disturbed me that the teacher was more occupied 

in helping students than lecturing.

30. In the classroom there was a learning atmosphere.

Area 3 - Modular Learning Strategies

1. It is desirable to have class discussions from time 

to time.
28. My learning progress was not hindered by the self- 

assessment questions in the various workbooks.
24. I acquired more self confidence in using laboratory 

equipment by studying from workbooks.
16. I would prefer to study the subject Micro-organisms 

and Man by Class Units workbooks, only.
18. Using elective Group units enabled me to study in a 

way to which suited my ability.
17. Studying by various learning units did not prevent

me from acquiring a more complete view of the Modules.

Area 4 - Instructional Media

12. I found the integrated use of different learning 

aids was very complicated.
7. The integrated use of student's workbooks, audio

visual material, performing investigations etc. 
increased my interest in the learning material.



11. Performing experiments is more efficient when done ,

by the whole class, at the same time.
6. If I get explanations from the teacher I could

learn more.
15. The students presentation enabled me to understand

the various group-units' topics.

8. It was easy for me to follow my progress with the
help of the Student’s record cards.

Area 5 - Independent Learning
14. I would prefer listening to lectures than studying

from Workbooks.
9. Learning biology by the modular approach encouraged

me to think more independently.
29. The modular learning approach enabled me to proceed

at my own pace.

5. Using the modular approach helped me to learn more.
13. The investigations are more interesting when performed

in large groups.

10. The opportunity to proceed at my own pace caused me
to idle.

21. I tried not to attend the biology lessons.



App. No.5d
Field Study
Teacher Opinionnaire

The teacher Opinionnaire consisted of
a. 15 statements identical to those used in the Student 

Opinionnaire, and
b. 15 different statements, focused on 3 topics:

i. Management Guide
ii. Teacher activity, and
iii. Modular course.
a. The identical statements

Area 1. Learning motivation
3. It seemed to me that the students were looking

forward to the biology lessons.
27. Studying biology by the modular approach increased 

my students’ interest in the learning topics.

Area 2. Teacher : student

19. My students needed a lot of my assistance to study

the modular course.
23. It seemed to disturb my students that I was more 

occupied in helping them than in lecturing.

26. The modular approach enabled me to have frequent 

discussions with my students.

30. In the classroom there was a learning atmosphere.



Area 3. Learning strategies
16. It would be better to arrange all the learning units 

into Class units, only.
17. Using various different learning units hindered my 

students and prevented them from acquiring a more 

complete view of the Modules.

18. Using elective units enabled my students to study 
more according to their abilities.

24. My students acquired more confidence by using work
books to carry out investigations.

Area 4. Instructional media
8. By the help of the Student Record Card it was easy

for my students to follow their own progress.
11. Performing experiments is more efficient when done

by the whole class at the same time.
12. The integrated use of different learning aids was

very complicated for my students.

Area 5. Independent learning

9. Learning biology by the modular approach encouraged 

my students to think more independently.

10. The opportunity to proceed at their own pace caused 
some of my students to idle.

b. 15 different statements
i. Management Guide

21. References should be added to the Management Guide.
22. There is no need for a Management Guide.



25. By using the Management Guide I was able to consult 

my students when electing group units.

28. The Management Guide can help me to write new learn

ing units.
14. The Management guide helped me to perform the modules 

efficiently.

ii. Teacher activity
1. The teacher’s initiative in the modular course is 

very limited.
5. Teaching the modular course widened my fields of 

interest in biology.
6. I am convinced that by the didactic approach I should 

be able to cover more learning material.
20. The modular course ’’Micro-organisms and Man” cannot 

be taught in heterogeneous groups.
29. The microbiology techniques make it difficult to 

teach this course in the tenth grade.

ii. The modular course

2. It was not easy to integrate the modular course into 

the biology high school curriculum.

4. Using biology topics from every-day life did not

significantly increase the learning motivation of my 
students.

7. It was mostly unnecessary to use the various bits 
of audio-visual material.

13. I would recommend that other biological subjects 

should be studied by the modular approach.



15. The students presentation did not help my students 
to understand the various group units' topics.



APP. NO. 5e

T#aoher& Report

GROUP UNIT :

Teacher's same ;, School:, Class:

1 ) How many studests oomplote : one group unit :
two group units: 
three or more :

2] How many students studied group unit a:" ,b" ,o* ,d«

3) How did the students CHOOSE the various group units ?

4>) Class presentation of the group units «How ?

3)Did group discussions take place before class presentation ?

6) Management problems and solutions.



Teachers Report

CLASS UNITS t

Seacher's name i ,School: * Class % ^
1)Star^g date: Completed *
2)Whem did the first student completed the class unit:
3 )When did the last student completed the class unit t
4)Nomber of lessons needed to complete the unit :
5)Details about thv Introductory lesson :
6)Details about the Consolidation lessons :
7) Hew did the students perform the review questions :
8) How did the students perform the Mastery Test %
9) How did you summerize the Unit ?
10) Teachers :student interaction .Details,
11)Did you use the Teachers File often? How?
12) Deatils about the management problems and the ways of overcoming 

them.



Teachers Report

MODULE 2

Teacher's name:,School:, Class:,

1) No of students % Boys 2 Girls 2
2) Number of lessons needed to complete the Module
3) Summarizing the Modul^4how
4) Problems with the slow learners and the above avarage students. 

Solutions ?
3) Opinion about the Module : Reading pasages, investigations, self- 

assessmnat questions,subject matter,A-V material etc#
6) Ways of using the Teacher's Pile 
7 )l6agement problems



APP. NO.Sf 
Micro-organsino and Man

PRE « TEST POST - TEST
SUBJECT MATTER

1) Micro-organisms are defined ass
a)Small organisms living in water
b)Small organisms living in soil 
e)Small organisms,simple st^ctured 
d)Small organisms living in ahunan body

2) Sugar glucose is a i
a)mono-saccharide
b)di-saccharide
c)pol7-saccachArid#
d)none of these

3) The high reproduction rate of the micro-organisms is due to i
a)their ability to live in a vet environment
b)their ability to reproduct sexually
c)their ability to reproduct by fission
d)their ability to grow fast

4) All the following organisms belongs to the Micro-organisms,except the:
a)Paramaeoiuffl
b)Pneumococeus
c)Aspergillus niger
d) Meal beetle

3)Nitrogen is a very important component of t
a)Proteins
b)Carbohydrates
c)Lipids
d)All of these

6) The ubiquity of the micro-organisms was made possible by:
a)they ability of fast reproduction
b)they ability of some of the micro-organisms to perform

photosynthesis
c)the fact that they are so small
d)the fact that some of the micro-organisms are dispersed by wind



7) The fermentation prpceas of the micro-organisms is a result of:
a)Aerobic respiration
b)Anaerébic respiration
c)Decomposition of the proteins by the micro-organisms
d)Decomposition of the proteins and lipids by the micro-organiss

8) To sterilise the milk,you have to t
a)heat the milk for 30 minâtes,at 63 C
b)beil the milk for 10 minutes,at loo C
o)boil the milk for 20 minutes,at 120 C
d)eool the milk for 3 hours,at 0 C

9) If a substance is a protein,than it is reasonable to p%sume that 
it is build of :

a) amino acids
b) many glucose molehules
c) carbon,hydrogen and oxygen atoms,only
d) small molecules

10) The most extensive definition of an enzyme is t
a)The enzymes are proteins which are situated in yeast cells
b)The enzymes are the chemical reaction agents in a cell
c)The enzymes build the majority of the proteins in a cell
d)The enzymes are the inhibitors of the chemical reactions in a

O p e n  q u e s t i o n

Many micro-organisms are man's allieŝ  
Describe as many examples you know:



A P P .  N O . S g

FIELD- STUDY

Achievement Test 

Module :
Introduction to Microbiology

1,Microorganisms are
a)Small organisms living in fresh v;ater,only
b)Small organisms living in soil,only
c)Small organfins having a simple structure
d)Small organims living on and in the Human body,ibnly,

2,Glucose is a
a)Honosa%haride b)di-sa.ccarlde c)pulysacckaride

d)none of these
3)The vâde distribution of microorcanisns is possible because c

a)their ability to multiply quickly
b)the fact that some of them can perform photosynthesis
c)the fact that they are so small
d)the fact that some disperse by the v/ind

4-)V.Tiat is the importance of staining Bacteria ?
a)Staining enables better observation of Bacteria under 

the microscope
b)Staining enables bacteria to multiply 
cjStainSn^ enables better observation of bacteria by the

naked eye.
d)Staininv enables achieving pure cultures



3)Sterilisation is achieved "by
oallieating the solution to 63 C,for 30 minutes

b)"boiling the solution in 120*0,for 20 minutes
. c)cooling the solution in 0*0,for 3 hours
d)"boiling.the #0 lut ion in 100*0,for 20 minutes

6)The definition of the molecule Adenosine Tri Phosphate,ATP,is
a) A protein‘-rich molecule
"b)An energy-rich molecule
c)A molecule which hullts the protein
d) A molecule which builts a sugar

7 ) Fermentation is the result of the following process:
a)Aerobic respiration
b)Anaerobic respiration
c)Microorgenisms decomposing proteins
d)Microorganlsms decomposing fats and proteins

8)A bacteriàl colony appears on the growing plate because of
a)the migration of the growing bacteria to one place
b)nutrients accumulating at one place
c)accidental spreading of bacteria at one place
d)one bacteria dividing and all* offsprings clustering

around



13)The distinction between Eukaryotic abd Prokaryotic cells 
is made on the base of
a)the external structure of the sell
b)the internal structure of the cell 
o)the feeding mechanisms of the cell
d)the locomotion habit of the cell

14)An athlete will feel pain in his muscles because of the
a) accumulation 6f lactic acid in the muscles
b) accumulation of ethyl-alcohol in the muscles 
o) accumulation of glucose in the muscles
d) accumulation of CO2 in the muscles

15)Ethyl-alcohol is produced in the fermetation process.
Alcohol burns-it releases much heat,These facts are evidence 
ÿhat yeasts:

a)uses only partly the enrgy stored in sugar
b)are unable to live without air
o)heve developed a very sophisticated respiratory mechanism
d)are unable to live for a long time because of lack

of energy available

16) Practical work

Perform a bacteria staining.
Show the results to the teacher.



Questions 17) l8) 19) 80) 

Experimental design:

One mililitKe: of bacterial culture was smeared on nine 
sterile Petri dishes,containing different food types.

RESULTS:

Petri No, Food type Colonies per dish
after 36 hours

A
Carbohydrates
Proteins
Vitamin A B C D 2192

B Proteins 309

C Carbohydrates 800

D
Garboh^/drates
Proteins 214

E . Carbohydrates 
vitamin A B C D 2210

P ■ Carbohydrates 
Vitamin A ■ 268

G Carbohydrates 
Vitamin B 2240

H Carbohydrates 
Vitamin C 210

I Carbohydrates 
Vitamin D 224

Analyse these data and answer to the following 
cuestions.



l7)Hesults A and B show
a)Protein may not help hec6trial grovrtih
b)Protein inhibit bacterial growth
c)Carbohydrates and vitamins are necessary for bact. grovrbh
d)Proteins are not necessary for bacterial grovTth

1 8 ) Results A and C show
a)Carbohydrates may not help bacterial growth
b)Carbohydrates may inhibit bacterial grovfth
c)Proteins and vitamins are necessary for bacterial grovrbh
d)Carbohydrates are not necessary for bacterial grovrth

1 9 ) Results A and D show
a )Carbohydrates and proteins may not help bacterial growth
b)-Carbohydr at es and proteins may inhibit bacteriàl grov/th
c)Vitamins are necessary for bacterial growth
d)Carbohydrates and proteins are necessary for bact, growth

20) Results S and' F show

a)Carbohydrates ere not necessary for bact, groT/th
b)Vitamin A is not a reouirement for bacterial grov/th
c)Carbohydrates may inhibit bacterial grô vvth in Vitamin A
d)Vitamin A is the only vitamin requirement for bacterial

growth.



APP. m . 5h

S P S S  B A T C H  S Y S T E M  STUDENT - OPINIONNAIRE / FIELD TEST

F I L E  n o n a m e  ( C R E A T I O N  D A T E  = ^ 4 / 1 1 / 8 1 )

i t e m i

AD J CUM ADJ CUM ADJ CUM
c o d e F REQ P C T P C T CODE FREQ P C T P C T CODE F REQ P CT P CT

2 . 2 2 2 4 . 7 0 5 6 61
3 . b 4 6 5 . 4 9 3 9 1 U 0

M I  S S I N G D A T A
CODE F REQ CODE FREQ c o d e FREQ

U .

Mf eAN 4 . j 1 7

V A L I D  C A S E S  ^ ^t

S T D DE V 0 . 6 2 8

M I S S I N G  C A S E S  1 5

ITEMa
CODE

1 . 2.
c o d e

U.

A D J  CUM 
FR EQ P C T  PC T

d3V
FREQ 

1 5

2
31

2
3 3

M I

A D J  CUM
CODE FREQ P C T  PC T

3 .  3 7  d9  6 2
3 7  ^ 9  91

S S I N G  D A T A
CODE FREQ

CODE

b.
CODE

A D J  CUM 
F R EQ P C T  PC T

1 1 

FREQ

V 100

ME AN i .  1 2 7 ST D DEV 1 . 0 0 4

v a l i d  c a s e s 1 2 6 M I S S I N G CASES: 1 5

I T E M 3

c o d e FREQ
AD J
PC T

CUM
PCT CODE FREQ

A D J  CUM 
P C T  P C T CODE F REQ

ADJ
P C T

CUM
PCT

1 . 
2 .

6
1 6

6
11

6 
1 /

3 .
4 .

3 4
5 7

2 4  41  
4 0  8 2

b . 2 6 1 8 1 OU

MEAN 3 . 5 4 6 ST D DEV 1 . 0 9 2

V A L I D  c a s e s 1 4 1 M I S S I N G C A S E S 0

I T E M 4

c o d e FREQ
ADJ
P C T

CUM
PC T CODE FREQ

A D J  CUM 
P C T  P C T CODE FREQ

ADJ
P C T

CUM
PC T

1 . 
2 .

c o d e

1 4 
31

FREQ

1 1 
2 5

1 1 
3 6

M

3 .
4 .

I  S S I 
CODE

1 8 
. 4 4  

N G 
FREQ

1 4 5 0  
3 5  8 5  

D A T A

b .

CODE

1 9 

FREQ

1 b 1 0 U

u . 1 b

MEAN 3 . 1 8 3 STD DEV 1 . 2 7 4

V A L I D  C A S E S 1 2 6 M I S S I N G  1CA SES 1 5

i t e m s

c o d e FREQ
ADJ  CUM 
P C T  PCT CODE FREQ

AD J  CUM 
P C T  PC T CODE FREQ

ADJ
PCT

CUM
PC T

1 . 
2 .

c o d e

5 
1 3

F R F u

4
1U

4 
1 4

M

3 .
4 .

I  S S I  N 
CODE

4
7 0

1 G 
FREQ

3 1 7 
5 6  7 3  

D A T A

b .

CODE

3 4

FREQ

2 7 1 0 U

.. L4 / T A  A /



I T E M ô

c o d e F R E U
A D J
P C T

CUM
P C T C O D E F R E O

A D J
P C T

CUM
P C T C ODE F R E Q

A D J
P C T

CUM
P C T

1 .  
2 .

1 U 
2 U

7
1 4

7
21

3 .
6 .

3 0
5 8

2 1
4 1

4 3
8 4

5 .
6 .

2 2
1

1 6
1

9 9
1 0 0

M E A N i , . 4 6 1 S T D  D E V 1 . 1 5 0

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M ?

c o d e F R E Q
A D J
P C T

CUM
P C T CO D E F R E O

A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

c o d e

2
2U

F R E u

2 
1 6

2 
1 7

M

3 .
4 .

I  S S I  
CODE

1 7 
4 8

N G 
F R E Q

1 3 
3 8  

D A

3 1  
6 9  

T A

5 .

CO D E

3 9

F R E Q

31 1 0 U

u . 1 5

ME A N i . 8 l ü S T D  DE V 1 . 0 9 3

V A L I D  C A S E S 1 2 6 M I S S I N G C A S E S 1 5
'

I T E M b

c o d e F R E Q
AD J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

3 2
3 4

2 3
2 4

2 3
4 /

3 .
4 .

4 1
2 7

2 9  
1 9

7 6
9 5

5 . 7 5 1 0 0

M E A N 2 . 5 9 6 S T D  D E V 1 . 1 7 7

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M 9

c o d e F R E Q
A D J
P C T

CUM
P C I CO D E F R E Q

A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

«
2 2

6
1 6

6
21

3 .
4 .

21
7 2

1 5 
51

3 6
8 7

5 . 1 8 1 3 1 0 0

M E A N 3 . 4 9 6 S T D  DE V 1 . 0 8 0

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M I 0

• c o d e F R E Q
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

21
5 9

1 5 
4 2

1 5 
5 7

3 .
4 .

1 1 
3 6

8
2 6

6 5
9 0

5 . 1 4 l u 1 0 0

ME A N 2 . 7 3 8 S T D  DE V 1 . 2 6 9  •

V A L I D  C A S E S 1 41 M I  S S I  N.G C A S E S 0



I T ê M I 1

c o d e FREW
A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T

1 .  
z .

1 V 
3 V

1 3
2 8

1 3 
41

3 .
4 .

2 5
4 7

1 8
3 3

5 9
9 2

5 . 1 1 8 1 0 0

M E A N 2 . V 6 3 S T D  D E V 1 . 2 1 2

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M I 2

c o d e FREW
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T

1 . 
d.

t 
1 1

4
8

4
1 2

3 .
4 .

A
7 4

6
5 2

1 a
7 0

5 . 4 2 3 U 1 0 0

M E A N 3 . V 5 7 S T D  D E V 1 . 0 2 7

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M I 3

c o d e FREW
A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

CODE

4
2 2

FREW

3 
1 7

3
21

f1

3 .
4 .

I  S S I  
C U D E

4 3
4 3

N G 
F R E Q

3 4  
3 4  

D A

5 5  
8 9  

T A

5 .

C ODE

1 4 

F R E Q

1 1 1 0 0

ü . 1 b

M E A N 3 . 3 2 5 S T D  D E V 0 . 9 9 5

V A L I D  C A S E S 1 2 6 M I S S I N G C A S E S 1 5

I T E M 1 4

CODE FREW
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T C ODE F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

C ODE

/ 
1 1

F R E Q

6
V

6 
1 4

M

3 .
4 .

I  S S I  
C ODE

2 2
4 8

N G 
F R E Q

1 8  
3 8  

D A

3 2  
7 0  

T A

5 .

C ODE

3 7

F R E Q

3 U 1 0 0

0 . 1 6

M E A N 3 . 7 7 6 S T D  D E V 1 . 1 3 5

V A L I D  C A S E S 1 2 5 M I S S I N G C A S E S 1 6

I T E M I 5

CODE FREW
A D J
P C T

CUM
P C T C ODE F R E Q

A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

c o d e

2 3
4 2

F r e w

1 9
3 4

1 9 
5<!

M

3 .
4 .

I  S S I  
CODE

2 2
31

N G 
F R E Q

1 8  
2 5  

0 A

7 0  
9 5  

T A

5 .

C ODE

6

F R E Q

5 1 0 0

Q . 1 f

M E A N 2 . 6 3 7 S T D  DE V 1 . 1 8 5

V A L I D  C A S E S 1 2 4 M I S S I N G C A S E S 1 7



I T E M I 6

c o d e

1 . 2.

AD J C U M
F R E Q  P C T  P C T

2 1 V 1
1 3

11 5

C O D E

3 .
4 .

A D J  C U M
F R E Q  P C T  P C T

3 5
5 5

2 5  4 0
3 9  7 9

C O D E

5 .6,

A D J  C U M
F R E Q  P C T  P C T

2 9  21  9 91 1 100
M E A N  3 . 6 6 0  S T D  D E V  1 . 0 2 0

V A L I D  C A S E S  1 4 1  M I S S I N G  C A S E S  0

I T E M I 7
A D J CUM A D J CUM

c o d e F R E Q P C T P C T C O D E F R E Q P C T P C T

1 . 2 4 1 7 1 7 3 . 1 6 1 1 7 7
2 . 6 9 4 9 6 6 4 . 2 6 1 8 9 6

A D J  CUM 
C O D E  F R E Q  P C T  P C T

5 . 4 1 0 0

M E A N  2 . 4 4 0  S T D  D E V  1 . 1 0 4

V A L I D  C A S E S  1 4 1  M I S S I N G  C A S E S  0

I T E M I 8

c o d e F R E Q
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 4 3 3 3 . 1 8 1 3 2 9
2 . 1 9 1 3 1 6 4 . 7 2 51 8 0

A D J  CUM 
C O D E  F R E Q  P C T  P C T

5 . 28 20 100

M E A N  3 . 7 1 6  S T D  DE V  1 . 0 2 3

V A L I D  C A S E S  1 4 1  M I S S I N G  C A S E S  0

I T E M I 9

C O D E F R E Q
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 6 4 4 3 . 3 0 21 4 8
2 . 51 2 2 2 6 4 . 5 8 4 1 8 9

A D J  CUM 
C O D E  F R E Q  P C T  P C T

5 . 1 6  11  1 0 0

M E A N  3 . 3 3 3  S T D  D E V  1 . 0 7 3

V A L I D  C A S E S  1 4 1  M I S S I N G  C A S E S  0

I T E M 2 0

c o d e

1 . 2.
C O D E  

0 .

A D J  CUM 
F R E Q  P C T  P C T

6
22

F R E Q 

1 8

5 1 8 5
2 3

CODE

3 .
4 .

M I  S S I  N 
CODE

A D J COM
F R E Q P C T P C T

1 7 1 4 3 7
5 2 4 2 7 9

G
F R E Q

D A T A

A D J  CUM 
c o d e  F R E Q  P C T  P C T

5 .

CODE

26 21 100 

F R E Q

M E A N  3 . 5 6 9  S T D  D E V  1 . 1 5 3

V A L I D  C A S E S  1 2 3  M I S S I N G  C A S E S  18



I T E M 2 1

CODE F R E Q
A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

C O D E

3
6

F R E Q

2
5

2
7

M

3 .
4 .

I  S S I  
C O D E

1 8  
• 5 0  

N 6 
F R E Q

1 5 
4 1  

D A

2 2  
6 3  

T A

5 .

CO D E

4 6

F R E Q

3 7 1 0 0

U . 1 8

M E A N 4 . U 5 7 S T D  D E V 0 . 9 6 9

V A L I D  C A S E S 1 2 3 M I S S I N G C A S E S 1 8

I T E M 2 2

CO D E F R E Q
A D J
P C T

CUM
P C T CO D E F R E Q

A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

c o d e

3 
1 6

F R E Q

2 
1 3

2 
1 5

M

3 .
4 .

I  S S I  
CODE

2 8
4 5

N G 
F R E Q

2 3  
3 7  

D A

3 8  
7 5  

T A

5 .

CO D E

3 1

F R E Q

2 5 1 0 0

0 . 1 8

M E A N 3 . 6 9 1 S T D  DE V 1 . 0 6 5

V A L I D  C A S E S 1 2 3 M I S S I N G C A S E S 1 8

I T E M  2 3  

c o d e F R E Q
A D J
P C T

CUM
P CT CO D E F R E Q

A D J
P C T

CUM
P C T C O D E F R E Q

AD J
P C T

CUM
P C T

1 . 
2 .

b 
1 V

4
1 3

4 
1 8

3 .
4 .

31
5 8

2 2
41

4 0
81

5 .
6 .

2 4
3

1 7 
2

9 8
1 0 U

M E A N 3 . 5 9 6 S T D  DEV 1 . 1 1 5

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

X T E M 2 4

C O D E  . F R E Q
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T C O D E F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

3
2 2

2 
1 6

2 
1 8

3 .
• 4 .

1 7 
7 0

1 2
5 0

3 0
7 9

5 .
6 .

2 6
3

1 8 
2

9 8
1 0 0

m e a n 3 . , 7 3 0 S T D  D E V 1 . 0 6 8

V A L I D  C A S E S 1 4 1 M I S S I N G C A S E S 0

I T E M ^ S

CODE F R E Q
A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T CODE F R E Q

A D J
P C T

CUM
P C T

1 . 
2 .

c o d e

5 
1 8

F R E Q

4
1 5

4 
1 V

3 .
4 .

I  S S I  
CODE

3 8
41

N 6 
F R E Q

31  
3 3  

D A

5 0  
8 3  

T A

5 .

CODE

21

F R E Q

1 7 1 0 0

u . 1 8

ME A N 3 . 4 4 7 S T D  DEV 1 . 0 6 5

V A L I D  C A S E S 1 2 3 M I S S I N G C A S E S 1 8



I T E M 2 7

c o d e

1 . 2.

ADJ CUM
FREQ PCT PCT

6
2 8

4
2U

4
2 4

CODE

3 .
4 .

ADJ CUM
FRE Q  PCT PCT

3 0
5 3

2 1  4 5
3 8  8 3

C ODE

5 .6.

ADJ CUM
FREQ PCT PCT

21
3

1 5 9 8
2 100

M E A N  3 . 4 5 4

V A L I D  C A S E S  1 4 1

S T D  D E V  1 . 1 5 6

M I S S I N G  C A S E S  0

I T E M 2 6

CO D E

1 . 
2 .

A D J  CUM 
F R E Q  P C T  P C T

6
2 7

4 1 9 4
2 3

CODE

3 .
4 .

A D J  CUM 
F R E Q  P C T  P C T

3 0  21
6 3  4 5

4 5
8 9

CO D E

5 .
6 .

A D J  CUM 
F R E Q  P C T  P C T

12
3

9  9 8  
2 1 GU

M E A N  3 . 4 0 4  S T D  D E V  1 . 0 8 9

V A L I D  C A S E S  1 4 1  M I S S I N G  C A S E S  0

I T E M 2 8

c o d e

1 . 
2 .

CO D E

U .

A D J  CUM 
F R E Q  P C T  P C T

3 
1 U

F R E Q 

1 9

2 
1 1

CU D E

3 .
4 .

M I  S S I  N 
CODE

AD J CUM
F R E Q P C T P C T

1 4 1 1 2 2
6 3 5 2 7 4

G
F R E Q

0 A T A

A D J  CUM 
C O D E  F R E Q  P C T  P C T

5 .  3 2  2 6  1 0 0

CO D E F R E Q

M E A N  3 . 9 1 0  S T D  D E V  0 . 9 6 2

V A L I D  C A S E S  1 2 2  M I S S I N G  C A S E S  1 9

ITEM̂ 9
c o d e

1 . 2.
c o d e

u .

A D J  CUM 
F R E Q  P C T  P C T

7 
1 6

F R E Q

1 8

6
1 3

6 
1 9

CODE

3 .
4 .

M I s s :
CU D E

A D J CUM ADJ CUM
F R E Q P C T P C T CO D E F R E Q P C T P C T

9
6 0

G

7
4 9

0 A

2 6  
7 5  

T A

5 . 31 2 5 1 0 0

F R E Q CODE F R E Q

M E A N  3 . 7 4 8  S T D  D E V  1 . 1 4 2

V A L I D  C A S E S  1 2 3  M I S S I N G  C A S E S  1 8

lTcM3n
CODE

1 . 
2 .

A D J  CUM 
F R E Q  P C T  P C T

2U
27

14 14
1 9 3 3

CODE

3 .
4 .

A D J  CUM 
F R E O  P C T  P C T

32
4 3

2 3 5 6
3 0  8 7

CODE

5 . 6.

ADJ CUM 
F R E Q  P C T  P C T

1 6 
3

1 1 9 8
2 100

ME A N

v a l i d  c a s e s

3 . 1 2 1  S T D  DE V  1 . 3 U 6

141 M I S S I N G  C A S E S  0
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S P S S  M A T C H  S Y S T E M  OPINIONNAIRE - TEACHER AND LABOR. ASSISTANT
F I L E  N O N A M E  ( C R E A T I O N  D A T E  = T f  “TTTs'ïT

I T E M I

c o d e  

2 .

A D J  CUM 
F R E Q  P C T  P C T

2 17 17
C O D E

4 .

A D J  CUM 
F R E Q  P C T  P C T

8 6 7  8 3

c o d e

5 .

APP. NO.

A D J  CUM 
F R E Q  P C T  P C T

2 17 100

MEAN 3 . 8 3 3

V A L I D  C A S E S  1 2

S T D  D E V  0 . 9 3 7

M I S S I N G  C A S E S  0

ITEM2

c o d e

1 . 2 .

A D J  CUM 
F R E Q  P C T  P C T

8 8 
1 7 2 5

CO D E

3 .
4 .

A D J  CUM 
F R E Q  P C T  P C T

3 2 5  5 0
3 2 5  7 5

CO D E  

5 .

A D J  CUM 
F R E Q  P C T  P C T

3 2 5  1 0 0

MEAN 3 . 4 1 7

v a l i d  c a s e s  1 2

S T D  D E V  1 . 3 1 1

M I S S I N G  C A S E S  0

i T E M j

C O D E
ADJ CUM 

F R E Q P C T  PCT CODE
A D J  CUM 

F R E Q  P C T  P C T
A D J  CUM 

C O D E  F R E Q  P C T  P C T

2 . 
3 .

1 7
2 5

1 7 
42

4 .  
5 .

4 2  8 3
1 7  1 0 0

M E A N  ■ 3 . 5 8 3  S T D  D E V  0 . 9 9 6

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

I T E M 4

CODE
ADJ CUM 

F R E Q  P C T  P C T C U D E
A D J  CUM 

F R E Q  P C T  P C T C O D E
A D J  CUM 

F R E Q  P C T  P C T

1 . 
3 .

17 17
2 5  4 2

4 . 
5 .

4 2  8 3
1 7  1 0 0

ME A N  3 . 4 1 7  S T D  DE V  1 . 3 1 1

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

items
c o d e

1 . 2.

A D J  CUM 
F R E Q  P C T  P C T

8 
1 7

8
2 5

CODE

3 .
4.

A D J  CUM 
F R E Q  P C T  P C T

2 1 7  4 2  
5 4 2  8 3

C O D E  

5 .

A D J  CUM 
F R E Q  P C T  P C T

2 17 100

M E A N  3 . 4 1 7  S T D  D E V  1 . 2 4 0

v a l i d  C A S E S  12 M I S S I N G  C A S E S  0



I T E M 6

CODE

1 . 2.

A D J  C U M
F R E Q  PCT PCT

17 17
2 5  4 2

C O D E

3 .  . 
5 .

A D J  CUM
FRE Q  PC T  PCT

5 Ü  9 2  
8 10 0

AD J C U M
C O D E  F R E Q  P C T  P C T

MEAN

V A L I D  C A S E S

2 . 5 8 3

12

S T D  D E V

M I S S I N G  C A S E S

1 . 0 8 4

I T E M 7

c o d e

2 . 
3 .

ADJ CUM 
F R E Q  P C T  P C T

2 5  2 5
8  3 3

C ODE

4 .
5 .

A D J  CUM 
F RE O P C T  PCT

4 3 3 * 6 7
4 3 3  1 U 0

C O D E
ADJ CUM 

F R E Q  P C T  P C T

M E A N  3 . 7 5 0  S T D  D E V  1 . 2 1 5

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

I T E M *

c o d e

1 . 
3 .

A D J  CUM 
F R E Q  P C T  P C T

8 8 
4 2  5 U

C ODE

4 .
5 .

A D J  CUM 
F R E Q P C T  P C T

4 3 3  8 3
2 1 7  1 U 0

C O D E
ADJ CUM 

F RE Q P C T  P C T

m e a n  3 . 5 U 0  S T D  D E V  1 . 0 8 7

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

I T E M 9

CODE

2.
3 .

A D j  CUM 
F RE Q P C T  P C T

3 3
2 5

3 3
5 8

C ODE

4 .
5 .

A D J  CUM 
F R E Q  P C T  P C T

3 3  9 2
8 1 U 0

CODE
A D J  CUM 

F R E Q  P C T  P C T

M E A N  3 . 1 6 7  S T D  D E V  1 . 0 3 0

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

I T E M I 0 

c o d e  

1 .

A D J  CUM 
F RE Q P C T  P C T

1 a 8

CODE

2.

A D J  CUM 
F R E Q P C T  P [ T

8 6 7  7 5

ADJ CUM 
CODE F R E Q P C T  P C T

5 . 2 5  1 0 0

ME A N  2 . 6 6 7  S T D  D E V  1 . 4 3 5

V A L I D  C A S E S  12 M I S S I N G  C A S E S  0



I T E M I 1 

. CODE

1 .
2.

ADJ CU M
F N E Q  P C T  P C T

3 2 5  2 5
1 8  3 3

C O D E

3 ,
4 .

ADJ C U M
F R E Q  PCT PCT

3 2 5  5 8
4 3 3  9 2

C O D E

5 .

ADJ C U M
F R E Q  P C T  PC T

1 8 100

MEAN 2 . 9 1 7

V A L I D  C A S E S  1 2

S T D D E V  1 . 3 7 9

M I S S I N G  C A S E S  0

I T E M 1 2

CODE

2 .
3 .

A D J  CUM 
F REQ P C T  PCT

1 8 8 
3 2 5  3 3

CODE

4 .
5 .

A D J  CUM 
F R E Q P C T  P C T

5 4 2  7 5  
3 2 5  1 0 0

CODE
'  AD J  CUM 

FREQ P C T  P C T

ME AN 3 . 8 3 3

V A L I D  C A S E S  1 2

S T D  D E V  0 . 9 3 7

M I S S I N G  C A S E S  0

I T E M 1 3

CODE

1 . 
3 .

A D J  CUM 
F REQ P C T  PCT

1 8 8 
6  5 0  5 8

c o d e

4 .
5 .

ADJ  CUM 
FREQ P C T  PC T

3 2 5  8 3
2 1 7  1 0 0

CODE
ADJ  CUM 

F REQ P C T  P C T

MEAN 3 . 4 1 7

V A L I D  C A S E S  1 2

S T D  DEV 1 . 0 8 4

M I S S I N G  C A S E S  0

I T E M I 4

c o d e

2 .
3 .

ADJ  CUM 
FREQ P C T  PCT

2 1 7  1 7
2 1 7  3 3

CODE

4 .
5 .

A D J  CUM 
F REQ P C T  P C T

4 3 3  6 7
4  3 3  1 0 0

CODE
A D J  CUM 

FREQ P C T  P C T

m e a n  3 . 8 3 3  S T D DEV 1 . 1 1 5

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0

I T E M I 5

CODE

1 . 
2 .

A D J  CUM 
F REQ P C T  P C T

2 1 7  1 7
2 1 7  3 3

CODE

3 .
4 .

A D J  CUM 
F REQ P C T  PC T

4 3 3  6 7
4 3 3  1 0 0

CODE
ADJ  CUM 

F REQ P C T  P C T

m e a n  2 . 8 3 3

V A L I D  C A S E S  1 2

S T D DEV 1 . 1 1 5

M I S S I N G  C A S E S  0



I T E M 1 6

c o d e

2 .
3 .

AOJ C U M
F N E Q  P C T  PCT

1 8 8 
3 2 5  3 3

C O D E

4 .
5 .

ADJ C U M
F R E Q  P C T P C T

4 3 3  6 7
4  3 3  1 Ü 0

C O D E
ADJ C U M

F R E Q  P C T P C T

MEAN'

V A L I D  C A S E S

3 . 9 1 7  . ST D DEV 0 . 9 9 6

1 2  M I S S I N G  C A S E S  0

1 T E M 1 7

c o d e

1 . 
3 .

A D J  CUM 
F REQ P C T  PCT

2 1 7  1 7
4 3 3  5U

CODE

4 .
5 .

A D J  CUM 
F R EQ PCT.  P C T

4 3 3  8 3
2 1 7  1 0 0

CODE
A D J  CUM 

FREQ P C T  P C T

MEAN 3 . 3 3 3

V A L I D  C A S E S  1 2

ST D DEV 1 . 3 0 3

M I S S I N G  C A S E S  0

I T E M 1 8

CODE

2 .
3 .

AOJ  CUM 
F REQ P C T  P C T

3  2 5  2 5  
2  1 7  4 2

CODE
4 .
5 .

AD J  CUM 
F REQ P C T  P C T

6 5 0  9 2
1 8 100

CODE
ADJ  CUM 

FREQ P C T  PCT

MEAN 3 . 4 1 7

V A L I D  C A S E S  1 2

S T D DEV 0 . 9 9 6

M I S S I N G  C A S E S  0

I T E M 1 9
A D J  CUM 

CODE F R E Q P C T  P C T

1 . 
2. 1 8 8

4  3 3  4 2

CODE

3 .
4 .

A D J  CUM 
F R EQ P C T  PCT

3 3  7 5
8  8 3

CODE

5 .

ADJ  CUM 
F R F Q P C T  P C T

2 1 7  1 0 0

MEAN 2 . 9 1 7

V A L I D  C A S E S  1 2

S T D DEV 1 . 2 4 0

M I S S I N G  C A S E S  0

I T E M 2 0

CODE

3 .

A D J  CUM 
F REQ P C T  P C T

4 3 3  3 3

CODE

4 .

A D J  CUM 
FREQ P C T  P C T

5 4 2  7 5

CODE

5 .

A D J  CUM 
F REQ P C T  PC T

3 2 5  1 0 0

MEAN 3 . 9 1 7  ST D DEV 0 . 7 9 3

V A L I D  C A S E S  1 2  M I S S I N G  C A S E S  0



I T E M 2 1
AOJ  CUM 

CODE FREQ PCT  PCT

1.
3 .

8 8 
8 1 7

CODE

4 .
5 .

ADJ CUM
F R EQ  PCT PCT

7 5 8  7 5
3 2 5  1 Ü 0

. CODE
ADJ CUM

F R E Q  PC T PCT

MEAN 3 , 9 1 7

V A L I D  CA SES 1 2

ST D DEV 1 , 0 8 4

M I S S I N G  C A S E S  0

I T E H 2 2

CODE

3 .

ADJ  CUM 
FREQ P C T  PCT

2 1 7  1 7

CODE

4 .

• ADJ  CUM 
FREQ PC T  PCT

3 2 5  4 2

CODE

5 .

ADJ  CUM 
FREQ PCT PCT

7  5 8  1 0 0

m e a n  4 , 4 1 7  STD DEV 0 . 7 9 3

V A L I D  CA S E S  1 2  M I S S I N G  C A S E S  0

I T E M 2 3

CODE

2 .
3 .

ADJ  CUM 
FREQ PCT  PCT

3 2 5  2 5
4 3 3  5 8

CODE

4 .
5 .

ADJ  CUM 
FREQ P C T  PCT

1
2 1 7  7 5
3 2 5  1 0 0

CODE
ADJ CUM 

FREQ PCT  PCT

m e a n  3 . 4 1 7  ST D DEV 1 , 1 6 4

V A L I D  CA SES 1 2  M I S S I N G  CA S E S  0

I T E M 2 4

CODE

1.
2.

ADJ  CUM 
FREQ PCT PCT

1 8  8 
2 1 7  2 5

CODE

3 .
4 .

ADJ  CUM 
FREQ P C T  PCT

3 2 5  5 0
3 2 5  75

CODE

5 .

ADJ  CUM 
FREQ PC T  P C T

3 2 5  1 0 0

MEAN 3 . 4 1 7  STD DEV 1 , 3 1 1

V A L I D  CA S E S  ^  1 2  M I S S I N G  C A S E S  0

I T E M 2 5

CODE

2 .
3 .

ADJ  CUM 
FREQ P C T  PC T

8 8 
3 3  4 2

CODE

4 .
5 .

ADJ  CUM 
FREQ P C T  PC T

4 3 3  7 5  
3 2 5  1 0 0

CODE
, ADJ CUM 

FREQ PCT  PCT

m e a n  3 . 7 5 U  STD DEV 0 . 9 6 5

V A L I D  C A SES 1 2  M I S S I N G  C A S E S  0



1 T E M 2 6

c o d e

2.
3 .

ADJ  CUM 
FREQ PCT PCT

1 8 8 
4  3 3  4 2

CODE

4 .
5 .

ADJ  CUM 
FREQ P C T  PCT

5 4 2  8 3
2 1 7  1 0 0

CODE
AOJ  CUM 

FREQ PCT  PCT

MEAN 3 , 6 6 7  STD DEV 0 , 8 8 8

V A L I D  C A S E S  1 2  M I S S I N G  C A SES 0

I T E M 2 7

c o d e

1.2.

ADJ  CUM 
FREQ PCT  PCT

8 8 
2 5  3 3

CODE

3 .
4 .

ADJ  CUM 
FREQ P C T  PCT

4 3 3  6 7  
3 2 5  9 2

CODE

5 .

AOJ CUM 
FREQ PC T  PCT

1 8 100

MEAN 3 . U U U  STD DEV 1 , 1 2 8

V A L I D  CASES 1 2  H I S S I N G  CA SES 0

1 T E M 2 8

c o d e

2 ,
3 .

ADJ  CUM 
FREQ PCT  PCT

1 8 8 
5 4 2  5U

CODE

4 ,
5 .

AOJ  CUM 
FREQ PC T  PCT

4 3 3  8 3  
2 1 7  1 0 0

c o d e

AOJ CUM 
FREQ PCT PCT

MEAN 3 . 5 8 3

V A L I D  C A S E S  1 2

STD DEV 0 . 9 0 0

H I S S I N G  C A S E S  0

I T E M 2 9

CODE

1 . 2 .

ADJ  CUM 
FREQ PCT PCT

8 8 8 17

CODE

3 .
4 ,

ADJ  CUM 
FREQ PC T  PCT

1 8 2 5
5 4 2  6 7

ADJ  CUM 
CODE FREQ PCT  PCT

5 .  4 3 3  1 0 0

MEAN 3 . 8 3 3

V A L I D  CA S E S  1 2

STD DEV 1 . 2 6 7

M I S S I N G  CA S E S  0

I T E M 3 0

c o d e

2.
3 .

ADJ  CUM 
FREQ PCT PCT

1 8 8 
3 2 5  3 3

CODE

. A. 
5 ,

ADJ  CUM 
FREQ PCT PCT

5 4 2  75
3 2 5  1 0 0

CODE
ADJ  CUM 

FREQ P C T  PCT

MEAN 3 . 8 3 3  ST D DEV 0 , 9 3 7

VA LI D CA SE S 12 M I S S I N G  CA S E S  0


