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1. INTRODUCTION

This study is the first of its type in Australia and should
be considered as providing a model (certainly imperfect) for further
development in addition to a body of information on which action in
the colleges might be based. During the latter part of our study
we came across the following comment in the "Aims of The Civil
Engineering Course" document produced by the University of Melbourne.

"At the sam ti.Le, the graduate civil e-gineer obviously
mu:-t have mu_-tered a basic stock of kn Ledge and
technique which can be brought into pla. and applied
with little or no delay. Can this essential stock of
basic knowledge and techniques be listed? The committee
knows of no such list, but we would be very helpful to
teachers as well as students, as they then would know
which material in their courses would need to be mastered
to this degree of thoroughness and which would not."

We believe we have produced such a list.

Our thanks are due to the many civil engineers and technicians
who gave up to three hours of their own time answering our questions.
Without their assistance (and very frequently their encouragement)
our work would not have been completed. Even in this introduction
we feel obliged to comment on the scarcity of data which exists in
Australia. The first part of our study establishing the population
of civil engineers, which we naively believed would take a few days
of literature search and personal contact, extended to almost a year
and became a major task in itself. Random mailing of questionnaires,
however, based on a list provided by a professional institution
could not, we believe, produce valid results,.

In a cross disciplinary study of this type it is easy to
establish prestige by using the esoteric jargon of both the engineer
and the educationist, but at the same time lose ones audience in the
needlessly complicated sentences. This we have attempted to avoid
and we hope our report will be readily readable by both groups.

In the section on the curricula we would have wished for more

information on which to base our decisions but we believe that we were

obliged to provide the comments included as a basis for further action.
Present decisions appear to be based on much more flimsy "evidence"

than ours and students are being asked to attempt longer, more struc-
tured courses on what at beat might be described as whims. We do not

-uggest that a four year course is undesirable - we do suggest that

more careful consideration ought to be given to what are included as

compulsory components in the theory component and that further
consideration be given to practice as a component. Systematic

curriculum evaluation is clearly needed. Perhaps the spirit of our
comments is best caught in a comment C.P. Snow made concerning the
contribution Professor (now Lord) P.M.S. Blackett made to the 1939-45

war effort.

He had "a gift which made him invaluable in the war, and
which this country has not recognised sufficiently, of being able
to think of practical problems with a kind of depth of insight known

to very few."

How far are our current curricula encouraging this depth of
insight?
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establish prestige by using the esoteric jargon of both the engineer
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information on which to base our decisions but we believe that we were
obliged to provide the comments included as a basis for further action.
Present decisions appear to be based on much more flimsy "evidence"
than ours and students are being asked to attempt longer, more struc-

tured courses on what at best might be described as whims. We do not

:;uggest that a four year course is undesirable - we do suggest that

more careful consideration ought to be given to what are included as
compulsory components in the theory component and that further
consideration be given to practice as a component. Systematic
curriculum evaluation is clearly needed. Perhaps the spirit of our
comments is best caught in a comment C.P. Snow made concerning the
contribution Professor (now Lord) P.M.S. Blackett made to the 1939-45

war effort.

He had "a gift which made him invaluable in the war, and
which this country has not recognised sufficiently, of being able
to think of practical problems with a kind of depth of insight known
to very few."

How far are our current curricula encouraging this depth of
insight?

The project was it team effort but the blame for the content
and ;nterlretation in the report must be left with the authors.



2. SUMXWAY

A study of the relAtionship between civil engineering practice
and student co:zroes is described in the report. In order to make
the resuics represenLaLive of civil engineering practice considerable
time was devo.ed to L,uuatifying the industry. As this work progressed
it became apparent that available resources would enable only that
part of ti'e industry in N.S.W. to be examined.

The st.;:. waz; cu:.cerlied mainly with civil engineers and
technicians, out bec,:4u-3e of their important role in the industry data
were coliecteu a11c for construction foremen, albeit on a reduced
scale compared wiuci Lnati; collected for engineers and technicians.

After obtaining quantitative information alA3ut the industry
and those employed in it, selection of the sample in a statistically
rigourous fashion became possible.

It was originally thought that a structured interview technique
would be used but as the development of the instrument for examining
the tasks of engineers and technicians progressed and reached the
pilot stage it became apparent that insufficient time was available.
This, coupleu with the requirements of the sample size, forced the
adoption o2 a mailed questionnaire procedure. At this point the
project co..'aiLtee decided that the change to mailed questionnaire
provided an opportunity to examine the utilisation of part of a
standard civil engineering curriculum, and a separate questionnaire
was developed, Dazed on the design section of a curriculum. Thus
three que3tionnares were eventually distributed, 1) a Task Analysis
questionnanire aimed at collecting data on the tasks performed by
engineers aad tecanicians and their views on training and deficiencies
in traihir.z, 2) a Curriculum questionnaire to collect data on the
utilisation of the components of a 'standard' curriculum dealing
with the design of structures, and 3) a simple questionnaire
distributed at a lower sampling rate to construction foremen seeking
information on the Lasko performed and their views on training.

The response rate for the Task Analysis questionnaire was 43 per
cent, for tne Curriculum questionnaire 37 per cent, and for the
Foreman's questionnaire 21 per cent.

For muca of the data analysis relatively simple techniques
were found to oe the most efficient and expedient but sophisticated
procedures were ,Ised to follow some guidelines established, and for
the complete analysis of some sections where we believed the more
complex programmes has advantages. The amount of data collected was
large but its analysis responded to this approach. The basic analysis
centred eventually on two levels of employment - engineer and
technician, and three types of work - design, construction, and other
work. In some cases type of c alification, type of employer, and age
were used in addition.

Tne principal results s owed that engineers engaged on design
had a different work profile f..om engineers engaged in construction,
tne former nad a larger technical matters component than the latter.
Economic ana financial matters were of considerable importance to
enginers particularly construction engineers and those engaged on
such work as feasibility studies : management matters were also of
conside ,ole importance particularly again to construction engineers
and those in tne 'other work' group. In the technical matters
section terioh listed 63 'standard' items the items most used by
construction engineers differed from those most used by design engineers.
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tne former nad a larger tecnnical matters component than the latter.
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technical items, and within this restricted number of items some

were used a great deal and many only a little. The technician groups

also spent more time on manual skills compared with the engineers,

although the latter used them to a significant extent.

The main deficiencies in training reported were management,

communication, economic matters, and practical work. Concerning how"'

training should be carried out, the major view was that a combination

course of theory and practical job experience was the superior method.

Technical efficiency was thought in general to be the main criterion

in determining success in the job, but for engineers in construction
work financial efficiency was as important, and completing the project

possibly even more important. Concerning the future all agreed that

more "systems" would be used. However, technicians thought new
materials would probably be as important over the next few years.

The pattern of responsibility differed between engineers

and technicians; engineers had much larger responsibility than

technicians. The pattern of responsibility differed between the

various types of work, engineers and technicians in construction had

larger 'man responsibility' and 'plant /equipment responsibility'

than their colleagues in design work.

The analysis of the data gathered by the Curriculum

questionnaire will be reported by the N.S.W. Institute of Technology

later.

Analysis of the data gathered by the Foreman's questionnaire

showed that construction foreman's work is essentially management,

safety and concrete.

The problems associated with curriculum development have been

enunciated and the data collected by a short questionnaire distributed

to C.A.E's and universities about curriculum objectives and content

have been analysed and presented. The picture revealed shows that

much work needs to be carried out on the clarification and evaluation

of objectives and on the determination of the content and processes

used to attain these objectives in some curricular.

The particular relevance of the meaning of professionalism

with respect to the professional engineer in Australia has been studied

and courses examined for items that could be associated with the

"production" of an engineer ready in a professional sense to take his

place in industry without further training. Some schools of civil

engineering are aware of this need but others appear to be more

concerned with meeting the preliminary academic requirements for

membership of the Institution of Engineers, Australia, (rather than

being concerned with the implications for the overall curriculum posed

by an acceptance of the traditional meaning of the word professional).

:;ome of the voluntary comments made to the authors by persons

In the civil engineering industry about civil engineering training etc.,

were summarized and collated in a short chapter.

In chapter 12 recommendations have been made concerning

1) problems associated with surveys of this type, 2) Engineer training,

3) Technician training and 4) Future work in general. The overall

recommendation is that more substantial evidence ought to be sought

before additional courses are introduced or existing courses are
lengthened concerning the need the course seeks to fill and its

overall aims and objectives. After introduction evidence ought to be
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of objectives and on the determination of the content and processes
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place in industry without further training. Some schools of civil

engineering are aware of this need but others appear to be more

concerned with meeting the preliminary academic requirements for

membership of the Institution of Engineers, Australia, (rather than

being concerned with the implications for the overall curriculum posed

by an acceptance of the traditional meaning of the word professional).

Nome of the voluntary comments made to the authors by persons

In the civil engineering industry about civil engineering training etc.,

were summarized and collated in a short chapter.

In chapter 12 recommendations have been made concerning
1) problems associated with surveys of this type, 2) Engineer training,
3) Technician training and 4) Future work in general. The overall

recommendation is that more substantial evidence ought to be sought

before additional courses are introduced or existing courses are

lengthened concerning the need the course seeks to fill and its

overall aims and objectives. After introduction evidence ought to be

sought concerning how far these aims and objectives are attained.

The detailed data collected during the survey have been presented

in appendices in order that the reader may examine and re-interpret

if he wishes those areas of particular interest to him.



TERTIARY EDJCATIONA_ AND SURVEY OBJECTIVES

:1 TERTIARY EDUCATION

A relationship between the practice of a vocations and the
tratinin-", for that vocation muflt exist. It should be readily discerned
and easily demonstrated. If the daily tasks a:;socilted with a
particular ' ocation are examined one would expect to see a relationship

between these and what is offered during the training for that vocation.

ith this in mind the Australian Commission on Advanced Education
provided funds for a study of the relationship between the practice of

civil engineering and the training for it. The study was not limited
to professional engineers, but included subprofessional staff also. In

addition, because of their importance in civil engineering, it was
later decided by the project team that supervisors and foremen should

be included. Whilst not strictly covered by the commission's stated
interest in advanced education the view was held that the education of
foremen, non-existent as it largely is today, could possibly be a part

of post-secondary or advanced education in the future.

The whole subject of post-secondary or advanced education in

Australia was examined by the Committee on the future of Tertiary
Education in Australia (generally known as the Martin Committee). The

report* (in two volumes) of this Committee to the Australian Universities
Commission was published in August 1964, after three years work by its

fifteen members, headed by Professor Sir Leslie Martin. In general,

the report recommended an expansion and widening of educational
opportunities beyond the secondary school. It stressed the need to

build up the resources and raise the quality of the institutions
offering tertiary level education outside the universities. The

Commonwealth Government's interpretation of the recommendations of the

Martin Committee was that Australia, during the next decade (1965 -

1975), should develop advanced education - defined as education beyond

the completion of a full secondary education or its equivalent - in

virtually new types of colleges. In accepting this idea the Commonwealth

Government also accepted a measure of financial responsibility for its

implementation.

To assist the Commonwealth Government in planning the longer

term program for the establishment of colleges of advanced education

a committee was assembled under the chairmanship of Dr I.W. Wark (now

Sir Ian Wark). There were seven other members drawn from industry,

both public and private, and academic institutions, across all States.

The committee was named the Commonwealth Advisory Committee on

Avanced Education. The terms of reference stated that it* "shall

furnish information and advice to the Minister on matters in connection

with the grant by the Commonwealth of financial assistance:

a) to Commonwealth Institutions, other than universities,

teaching at the advanced education level and

6) to the States in relation to institutions, other than
universities, teaching at the advanced education level,

whether or not conducted by them."

Further paragraphs dealt mainly with financial matters, awards

at institutions concerned with advanced education, and the specific

exclusion of teacher training colleges.

The first meeting was held on 29th October 1965.



p air

With this in mind the tstralian Commission on Advanced Education
provided funds for a study of the relationship between the practice of

civil engineering and the training for it. The study was not limited
to professional engineers, but included subprofessional staff also. In

addition, because of their importance in civil engineering; it was
later decided by the project team ti,t supervisors and foremen should

be included. Whilst not strictly covered by the commission's stated

interest in advanced education the view was held that the education of
foremen, non-existent as it largely is today, could possibly be a part

of post-secondary or advanced education in the future.

The whole subject of post-secondary or advanced education in

Australia was examined by the Committee on the future of Tertiary

Education in Australia (generally known as the Martin Committee). The

report* (in two volumes) of this Committee to the Australian Universities
Commission'was published in August 1964, after three years work by its

fifteen members, headed by Professor Sir Leslie Martin. In general,

the report recommended an expansion and widening of educational
opportunities beyond the secondary school. It stressed the need to

build up the resources and raise the qualit7 of the institutions

offering tertiary level education outside the universities. The

Commonwealth Government's interpretation of the recommendations of the

Martin Committee was that Australia, during the next decade (1965 -

1975), should develop advanced education - defined as education beyond

the completion of a full secondary education or its equivalent - in

virtually new types of colleges. In accepting this idea the Commonwealth

Government also accepted a measure of financial responsibility for its

implementation.

To assist the Commonwealth Government in planning the longer

term program for the establishment of colleges of advanced education

a committee was assembled under the chairmanship of Dr I.W. Wark (now

Sir Ian Wark). There were seven other members drawn from industry,

both public and private, and academic institutions, across all States.

The committee was named the Commonwealth Advisory Committee on

Avanced Education. The terms of reference stated that it+ "shall

furnish information and advice to the Minister on matters in connection

with the grant by the Commonwealth of financial assistance:

a) to Commonwealth Institutions, other than universities,

teaching at the advanced education level and

E) to the States in relation to institutions, other than
universities, teaching at the advanced education level,

whether or not conducted by them."

Further paragraphs dealt mainly with financial matters, awards

at institutions concerned with advanced education, and the specific

exclusion of teacher training colleges.

The first meeting was held on 29th October 1965.

Tertiary Education in Australia
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Education, June 1966, published by Commonwealth of Australia.



The recommendations were detailed and covered all apect6
associated with the development of colleges of advanced education
across all the Australian States.

A specific recommendation, No. V., concerned a co-ordinated
program of study and research into the problem of advanced education;
to he sponsored by the Government on the advice of the Committee.

The second report of the Committee devoted some space to th,
educational research program.* In sub-section 8.16 the selection
of four broad areas for research during 1970-72 was mentioned, nd
in sub-section 8.18 specific reference is made to the need to study
the relationships between the colleges and industry - "la particular
the requirements of future employers for college graduates, the advice
of earlier graduates on course structure, and the needs of industry
with respect to consulting and investigation demand consideration."
This present study therefore arose as a result of this express interest
by the Commonwealth Advisory Committee on Advanced Education.
Incidentally, this Committee has now been replaced by the Australian
Commission on Advanced Education, with almost completely new membership
under the chairmanship of Mr T. Swanson. The representation is as
wide as previously.

12. Survey Objectives

The nature of the survey and its objectives,suggested by
Dr. E.Richardsonovere developed jointly by Dr. Ricnardson, School of
Education, Macquarie University, and Mr. K. Doyle, Assistant Registrar,
The New South Wales Institute of Technology. The final submission to
the Commission for funds was made on the basis of a joint effort by
the two bodies, supervised by Dr. Richardson and Mr. Doyletogether
with Dr. G.J. Haggarty, Head of the School of Civil Engineering at the
N.S.W. Institute of Technology and Mr. G. Hermann, of the School of
Education, Macquarie University. Unfortunately later Mr. Hermann was
seconded at short notice by Macquarie University to the Ford Foundation
in the Philippines.

The application to the Committee for funds contained a preamble
dealing with the purpose of the project. It said "Many problem sare
associated with the preparation of suitable undergraduate courses
intended to train persons to enter the civil engineering profession.
A wide range of activities fall within the compass of civil engineering
and becalse of this diversity in activities there are many different
specialisations whose claim for inclusion in a course at a given level
can be strongly argued. It is thus important when designing a course
to be able to identify those elements which are essential. It is
equally important to be able to identify those tasks which are most
appropriate to a given level of competence (i.e. techniciar or technologist).
This proposal is concerned with initiating a research project to obtain
factual information which will help to establish criteria for identifying
those elements and tasks. Some reference will also be made to wastage
rates in existing courses examined as a function of their relevance as
seen by employer and student (i.e. the employer concerned with only
one aspect of a course).

Chapter 8, page 68.
Second report 1970 -1972 Commonwealth Advisory Committee on
Advanced Education published 1969.
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This project io seen as a means of overcoming the very poor

feedback from those involved in the practice of engineering to those

concerned with the academic training of engineers; engineering
courses tend to be self-perpetuating and courses tend to grow out of
existing courses (e.g. technician courses from diluted technologist
courses) rather than out of the needs of the community which the

academic institutions serve.

Although the results will be of direct applicability to

courses in civil engineering, it is hoped that they will serve as

a model upon which other courses can be based. This project is

also viewed as the first part of a long range study which will be

outlined in the research plan.

The research plan was split into three parts:

Part A:-

1) Complete task analysis of the field of civil engineering:

a) preparation of a suitable instrument
b) personal visit to representative firms to employ

instrument

2) Allocation of tasks e.g. by expert panel, to the

technologist and technician category, e.g.

a) skill required, b) responsibility involved,

c) frequency of task occurrence

3) Production of suitable curricula at one or more levels,

or an evaluation of existing curricula to determine which

cover the task analysis findings most effectively.

Analysis etc: a) liberal education

b) skill training

c) core content

d)transfer of training" expectation

e) articulation, school/post-school and

technician/technologist

Part B:--

An investigation of failure/success rates in sandwich and part.

time day courses in civil engineering at The N.S.W. Institute of

Technology. Attempts will be made to identify educational, cognitive

and social reasons for failure (e.g. method of least misfits) in

courses as they exist. Particular attention will be given to wastage

as a function of irrelevance (as viewed by students and their employers).

Part C:-

To be submitted along with some of Part B for a future research

proposal.

Examine the output of the courses in civil engineering:

a) those who have passed - number of attempts

b) those who have dropped out - stage of wastage
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technician/technologist

Part B:-.
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Technology. Attempts will be made to identify educational, cognitive

and social reasons for failure (e.g. method of least misfits) in
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To be submitted along with some of Part B for a future research

proposal.

Examine the output of the courses in civil engineering:

a) those who have passed - number of attempts

b) those who have dropped out - stage of wastage

Note 1) trend in employment after 3+ years, that is, what tasks are

being undertaken by the technologists and technicians. Is

there an interchange of employment? If so, is it related

to a) personality b) aptitude as compared with academic

qualifications?



2) Effect of different course patterns on initial
employment (between six months and three years).

Is the sandwich principle as sound in practice as

theory?

3) Job satisfaction related to level of training.

Turnover characteristics.

The funds made available by the Committee on Advanced Education

were less than expected but were sufficient ($25,500) to assemble

a project team and start the work with expectation of reaching at

least some of the targets. As work progressed it became apparent
for a number of reasons, mainly the lack of any data quantifying
civil engineering and the people who work in it, that only the first

part of the plan, i.e. Part A, and that only the first two sections
of this iart A would be reached with any certainty in a meaningful

way.

It is perhaps a convenient point to comment on the preparation

of research objectives and plans for submission when applying for

funds. It is difficult to plan research, but planning can be made

easier if objectives are precise. Interaction between objectives

and planning is obvious. The detailing of the plan leads to an
appreciation of the resources required to reach objectives. Thus

the three aspects - objectives, plan and resources should be developed

in concert. This applies to surveys or research of the sort under

consideration in this report, and organised planning leads to a
clearer statement of objectives with a clearer understanding of the

steps involved in reaching those objectives, and the resources needed

to reach them.

A major confusing factor in this present study was the amount

of data concerning technicians and engineers assumed to exist, which in

fact did not exist, or did not exist in reliable form. It would seem

that either advance funds are required, or some facility within the
Department of Education is needed, to formulate effective plans for
research much as is the general practice in industrial and Government

Research. organizations.

In the case of this research project a simple development of
the plan quickly revealed the magnitude of the task outlined in the
research objectives in comparison with the resources allocated to
reaching the objectives. The result was inevitable - the objectives
were drastically reduced in number.

They can be re-stated as follows:

1) Complete task analysis of the field of civil engineering:

a) preparation of a suitable instrument
b) definition of 'population' under study
c) selection and setting up of a suitable sample
d) employment of instruments over sample.

2) Allooation of tasks to engineer a technician

e.g. a) skill required, b) responsibility involved,

c) frequency of task occurrence.

3) Production of a suitable curriculum or part of, based
on the results of the survey.



There were various unstat.d objectives and dopes. Not the
least of these was that the work might pave the way for similar
studies concerning vocational education. Whilst our optimism did not
run to the extent e believing the methodology we developed and adopted
could and would be applied unaltered to other vocaticlal studies, we
nevertheless hoped it could serve as a guide from which better and
more elegant instruments could be rapidly developed. We certainly
have gained much invaluable experience for future use.

The supervising committee appointed, in May 1971, two
research assistants to work full-time on the project. They were

Messrs. A.J.U. Bull and M.J. Payne; the former a biologist and
engineer with wide experience in managing research programs in

manufacturing industry, the latter with post-graduate qualifications
and experience in civil engineering. After eight months Mr. Payne
resigned, and his position was taken by Miss A.Dwight newly graduated

with strengths in psychology and mathematics. Miss Dwight resigned
after six months to join the Public Service Board in Canberra. The
N.S.W. Institute of Technology seconded Miss T. McIntosh to work

full-time on the project at the start of 1972. Miss McIntosh, also
newly graduated, had strengths in psychology and industrial sociology.
She returned tc the Institute of Technology at the end of 1972.

During the last stages of the work in early 1973 Mr. Michael Davis,
a fourth year student in the School of Education at Macquarie
University, provided part-time assistance.

The resources of both Macquarie University and The N.S.W.
Institute of Technology were made freely available to the survey
team throughout the duration of the project.



CIVIL ENGINEERING DEFINITIONS AND POPULATION

4.1. DEFINITIONS

A number of terms were used in the statement o1 the
Research Objectives, e.g. civil engineer, civil engineering,
technologist and technician, and in.order to avoid confu. ion it
was thought desirable to define them early in the study.

4.1.1. Civil Engineering

Two definitions of civil engineering are

1) "The principal branch of engineering concerned with things
constructed as opposed to things manufactured, mined, grown
or generated"

2) "The engineering of systems of constructed facilities"

Both of these are good simple definitions but one of our
problems was in drawing the line between what are known traditionally

as civil engineering works on the one hand, and small buildings such
as domestic residences on the other hand. Quite clearly we were
not concerned with small individual domestic residences but domestic
residences were not entirely excluded because the design and
construction of a very large block of residential flats or home
units could utilise the skills of a civil engineering organisation.
Thus we tended to find that size of project in domestic residence
construction afforded a means of drawing a line of demarcation.
In broad terms therefor domestic building apart from large projects
involving high rise construction was decided as outside the scope
of the term "civil engineering".

4.1.2. 121111a128121.aalasLlisiall

The term technologist ib not used a great deal in Australia.
The use of the term in the same breath as the use of the term
technician may be confusing to people unfamiliar with the distinction.
On the other hand there seems little confusion or misunderstanding
about the term "technician". In what are usually understood to be the
professions there is little misunderstanding of the meaning of the
term sub-professional. However, it is not beyond the bounds of
possibility that a technologist may be thought of as a super technician,

or at the top of the sub-professional stratum of activity.

Because of this we took a closer look at the word engineer,
and whilst in Australia it has connotations of skilled tradesmanship,
the word engineer preceded by a descriptive word such as mechanical,
chemical, electrical, or civil is usually taken to mean a professional
engineer engaged in the mechanical, chemical, electrical or civil

fields. All things considered and particularly bearing in mind the
large interaction with the civil engineering industry, that was bound

to take place, the project team decided to use the term civil engineer

in place of technologist. This in turn led to a readily understood
distinction between a professional civil engineer on the one hand and
sub-professional staff and technician on tte other hand.
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Thus we tended to find that site of project in domestic residence
construction afforded a means of drawing a line of demarcation.
In broad terms therefore domestic building apart from large projects
involving high rise construction was decided as outside the scope
of tne term "civil engineering".

4.1.2. Technologist and Technician

The term technologist is not used a great deal in Australia.
The use of the term in the same breath a, the use of the term
technician may be confusing to people unfamiliar with the distinction.
On the other hang there seems little confusion or misunderstanding
about the term "technician". In what are usually understood to be the
professions there is little misunderstanding of the meaning of the
term sub-professional. However, it is not beyond the bounds of
possibility that a technologist may be thought of as a super technician,
or at the top .of the sub-professional stratum of activity.

Because of this we took a closer look at the word engineer,
and whilst in Australia it has connotations of skilled tradesmanship,
the word engineer preceded by a descriptive word such as mechanical,
chemical, electrical, or civil is usually taken to mean a professional
engineer engaged in the mechanical, chemical, electrical or civil
fields. All thingn considered and particularly bearing in mind the
large interaction with the civil engineering industry, that was bound
to take place, the project team decided to use the term civil engineer
in place of technologist. This in turn led to a readily understood
distinction between a professional civil engineer on the one hand and
sub-professional staff and technician on the other hand.

The use of the term civil engineer not only has the merit
of being readily understood in Australia but we believe that
word engineer has a lot to commend it from a semantic viewpoint. The



verbwengineerein the English language has come to mean the things
that engineers are expected to do well and has many connotations of
non-technical activities, e.g. communication, management, responsibility
and so on. In fact a good engineer is remembered not only for the
magnitude of his technical intellect, but also for his ability to get
things done i.e. produce results in the form of engineering works.
We felt these shades of understanding should be left in the study and
could be retained by use of the term civil engineer. In any event the
term 'civil engineering technologist' is not used and does not exist.

One final thought occurred in connection with the term
technologist - had it been defined? One attempt that reads well is: +

"technologist has the qualifications and experience
required for membership of a professional institution.
A technologist has studied the fundamental principles
of his chosen technology and should be able to use
his knowledge and experience to initiate practical
developments. He is expected to accept a high degree
of responsibility and in many cases to push forward
the boundaries of knowledge in his own particular field."

It seemed that this was not markedly different, from the
engineer we had in mind, and we were not worried, therefore, about
replacing, for the purposes of the study, the term technologist
by the term engineer.

One could continue indefinitely on the purification of
definitions, and it is possible that both engineer and technician
could be defined in an absolute way that would permit of no ambiguity
or misunderstanding. However, it seemed reasonable, to adopt the
definitions produced at the international conference of representatives
from the Engineering Societies of Western Europe and U.S.A. (E.U.S.E.C.)
in 1953. Both the definition of an engineer and that of a technician are
rather lengthy but they can usefully form a basis for the purposes of
this present study. They are as follows:

a) "A Professional Engineer is competent by virtue of his
fundamental education and training to apply the scientific
method and outlook to the analysis and solution of
engineering problems. He is able to assume personal
responsibility :or the development and application of
engineering science and knowledge notably in research,
designing, construction, manufacturing, superintending
and managing and in the education of the engineer. His
work is predominantly intellectual and varied, and not
of a routine, mental or physical character. It requires
the exercise of original thought and judgement and the
ability to supervise the technical and administrative
work of others.

"His education will have been such as to make him
capable of closely and continuously following progress
in his branch of engineering science by consulting
newly published work on a world-wide basis, assimilating
such information and applying it independently. He is
thus placed in a position to make contributions'to the
development of engineering science or its applications.

"His education and training will have been such that
he will have acquired a broad and general appreciation
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could be retained by use of the term civil engineer. In any event the
term 'civil engineering technologist' is not used and does not exist.

One final thought occurred in connection with the term
technologist - had it been defined? One attempt that reads well is: +

"technologist has the qualifications and experience
required for membership of a professional institution.
A technologist has studied the fundamental principles
of his chosen technology and should be able to use
his knowledge and experience to initiate practical
developments. He is expected to accept a high degree
of responsibility and in many cases to push forward
the boundaries of knowledge in his own particular field."

It s.:emed that this was not markedly different, from the
engineer we had in mind, and we were not worried, therefore, about
replacing, for the purposes of the study, the term technologist
by the term engineer.

One caul' continue indefinitely on the purification of
definitions, and it is possible that both engineer and technician
could be defined in an absolute way that would permit of no ambiguity
or misunderstanding. However, it seemed reasonable, to adopt the
definitions produced at the international conference of representatives
from the Engineering Societies of Western Europe and U.S.A. (E.U.S.E.C.)
in 1953. Both the definition of an engineer and that of a technician are
rather lengthy but they can usefully form a basis for the purposes of
this present study. They are as follows:

a) "A_ Professional Entij.neer is competent by virtue of his
fundamental education and training to apply the scientific
method and outlook to the analysis and solution of
engineering problems. He is able to assume personal
responsibility for the development and application of
engineering science and knowledge notably in research,
designing, construction, manufacturing, superintending
and managing and in the education of the engineer. His
work is predominantly intellectual and varied, and not
of a routine, mental or physical character. It requires
the exercise of original thought and judgeme4t and the
ability to supervise the technical and administrative
work of others.

"His education will have been such as to make him
capable of closely and continuously following progress
in hie branch of engineering science by consulting
newly published work on a world-wide basis, assimilating
such information and applying it independently. He is
thus placed in a position to make contributions to the
development of engineering science or its applications.

"His education and training will have been such that
he will have acquired a broad and general appreciation
of the engineering sciences as well as a thorough
in9ight into the special features of his own brunch.
In due time he will be able to give authoritative
technical advice and to assume responsibility for the
direction of important tasks in his branch."

+ Technical Education. Comd. 9703, Feb. 1956. H.M.S.O. U.K.



The technologist or professional engineer thus seemed well
on the way to definition.

however, we were bothered by the adjective professional
but founci no easy way of avoiding this. A person was, or could
become a professional engineer if his qualifications permitted his
or her becoming a member of a recognized engineering institution.
In Australia such an institution is the Institution of Engineers -
Australia. However, the Institution states clearly + "the only
acceptable method of meeting the initial educational requirements
of the engineering profession is that of undertaking an ordered course
of study in an engineering school accredited for the purpose". This
refers only to educational requirements and whilst one does not deny
that educational courses tend to determine what sort of label is
hung around the neck of an individual working in civil engineering,
the industry itself is quick to point out that this is only a part of
the issue, the work carried out by that individual influences his status.
Thus it is not impossible for a civil engineer with the correct
educational background to give him a label of"professional engineer"
to be actually performing a so-called sub-professional job. One can
also recall the General Foreman of a large construction company with a
five figure salary matching his responsibility who would have no chance
of ever receiving the label "professional engineer". Tnerefore, whilst
we used the term professional engineer, for a variety of reasons we
were not happy with the use of the adjective professional. Perhaps
the use of the term chartered engineer has much to commend it.

Corning to another point, this use of the word professional
to describe an engineer nas led to the support staff or technicians
being described as sub-professional staff. A lot of comment has been
passed about the term sub-professional but it has a very limited meaning.

Anybody who is not a professional is non-professional.
The prefix sub both elevates professionalwand lowers those labelled

' "sub- professional: The realities of life, however, are such that
professional with the prefix sub is to many a means of indicating a
higher status type of job than some other jobs which are thought to
be lower down the social scale. For our study the term meant nothing
and whilst perforce we occasionally had to use it, it was of no value
in defining the sort of person we were interested in. These people
are known as technicians. To commence with, we took the E.U.S.E.C.
definition of an engineering technician which reads as follows:

b) "An Engineering Technician is one who can apply in a
responsible manner proven techniques which are commonly
understood by those who are expert in a branch of
engineering, or those techniques specially prescribed
by professional engineers.

Under general professional engineering direction, or
following established engineering techniques, he is
capable of carrying out duties which may be found among
the list of examples set out below.

In carrying out many of these duties, competent
supervision of the work of skilled craftsmen will be
necessary. The techniques employed demand acquired
experience and knowledge of a particular branch of
engineering, combined with the ability to work out the
details of a task in the light of well established
practice. An engineering technician requires an education



In Australia such an institution is the Institution of Engineers -
Australia. However, the Institution states clearly + "the only
acceptable method of meeting the initial educational requirements
of the engineering profession is that of undertaking an ordered course
of study in an engineering school accredited for the purpose". This
refers only to educational requirements and whilst one does not deny
that educational courses tend to determine what sort of label is
hung around the neck of an individual working in civil engineering,
the industry itself is quick to point out that this is only a part of
the issue, the work carried out by that individual influences his status.
Thus it is not impossible for u civil engineer with the correct
educational background to give him a label of"professional engineer"
to be actually performing a so-called sub-professional job. One can
also recall the General Foreman of a large construction company with a
five figure salary matching his responsibility who would have no chance
of ever receiving the label "professional engineer". Therefore, whilst
we used the term professional engineer, for a variety of reasons we
were not happy with the use of the adjective professional. Perhaps
the use of the term chartered engineer has much to commend it.

Coming to another point, this use of the word professional
to dascrioe an engineer nas led to the support staff or technicians
being described as sub-professional staff. A lot of comment has been
passed about the term sub-professional but it has a very limited meaning.

Anybody who is not a professional is non-professional.
The prefix sub both elevateeprofessionalwand lowers those labelled

"sub-professional: The realities of life, however, are such that
professional with the prefix sub is to many a means of indicating a
higher status type of job than some other jobs which are thought to
be lower down the social scale. For our study the term meant nothing
and whilst perforce we occasionally had to use it, it was of no value
in defining the sort of person we were interested in. These people
are known as technicians. To commence with, we took the E.U.S.E.C.
definition of an engineering technician which reads as follows:

b) "An Engineering Technician is one who can apply in a
responsible manner proven techniques which are commonly
understood by those who are expert in a branch of
engineering, or those techniques specially prescribed
by professional engineers.

Tmder general professional engineering direction, or
following established engineering techniques, he is
capable of carrying out duties which may be found among
the list of examples set out below.

In carrying out many of these duties, competent
supervision of the work of skilled craftsmen will be
necessary. The techniques employed demand acquired
experience and knowledge of a particular branch of
engineering, combined with the ability to work out the
details of a task in the light of well-established
practice. An engineering technician requires an education
and training sufficient to enable him to understand the
reasons for and purposes of the operations for which he is
responsible. The following duties are typical of these
carried out by engineering technicians:

+ Basic requirements for a professional engineering course.
Consolidation of various previous statements, 20 March, 1971
Institution of Engineers, Australia.

11.



"Working on design and development of engineering plant
and structures; erecting and commissioning of engineering
equipment and structures; engineering drawings, estimating,
inspecting, and testing engineering construction and
equipment; use of surveying instruments; operating,
maintaining, and repairing engineering machinery, plant
and engineering services and locating defects therein;
activities connected with research and development,
testing of materials and components, and sales engineering,
servicing equipment, and advising consumers."

This definition like that of the professional engineer is
lengthy and we therefore looked for other technician definitions.
One we particularly liked occurs in "Technicians, Today c.nd
Tomorrow" by J.T. Young. It reads:

"A person expert in applying specific proven techniques
associated with science and technology; in particular one
who has undergone a systematic course of instruction
related to those techniques."

We were concerned about the lack of reference to management
skills in this definition. We liked the reference to both job and
training but we did not believe there was a hard and fast line drawn
between a professional engineer who used and knew about management
techniques and a technician who did not use and did not know about
them. In fact, there are many engineers who know little or nothing
about management techniques and many technicians who hold jobs which
demand the use and knowledge of management techniques.

There are adequate refe;7ences to the use of management
skills in the definition of the engineer, and we think that the
definition of a technician should be extended to also include management
techniques. Thus the technician not only applying proven techniques
in technology, but who may also be applying proven management techniques
e.g. the foreman, supervisor, and overseer, would be covered by the
definition.

Our definition for a technician would therefore read:

"A person expert in applying specific proven techniques
associated with science, technology, and management;
in particular one who has undergone a systematic course
of instruction related to these techniques. "

Whilst all the definitions discussed refer to engineers
and technicians, in general, we think they can apply to civil
engineers and civil engineering technicians in particular.

Summarising then for the purposes of this study a civil
engineer i3 defined by the E.U.S.E.C. definition of a professional
engineer previously mentioned, with the proviso that where the term
engineer occurs it is qualified by use of the word civil. For a
civil engineering technician a modified version of Young's definition
is used.

4.1.. Foremen

One problem requires further consideration, whilst our definition
of a technician has been extended to include management techniques
associated with technical skills and thus to cover supervision,it is
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activities connected with research and development,
testing of materials and components, and sales engineering,
servicing equipment, and advising consumers."

This definition like that of the professional engineer is
lengthy and we therefore looked for other technician definitions.
One we particularly liked occurs in "Technicians, Today and
Tomorrow" by J.T. Young. * It reads:

"A person exi,ert in applying specific proven techniques
associated with science and technology; in particular one
who has undergone a systematic course of instruction
related to those techniques."

We were concerned about the lack of reference to management
skills in this definition. We liked the reference to both job and
training but we did not believe there was a hard and fast line drawn
between a professional engineer who used and knew about management
techniques and a technician who did not use and did not know about
them. In fact, there are many engineers who know little or nothing
about management techniques and many technicians who hold jobs which
demand the use and knowledge of management techniques.

There are adequate references to the use of management
skills in the definition of the engineer, and we think that the
definition of a technician should be extended to also include management
techniques. Thus the technician not only applying proven techniques
in technology, but who may also be applying proven management techniques
e.g. the foreman, supervisor, and overseer, would be covered by the
definition.

Our definition for a technician would therefore read:

"A person expert in applying specific proven techniques
associated with science, technology, and management;
in particular one who has undergone a systematic course
of instruction related to these techniques. "

Whilst all the definitions discussed refer to engineers
and technicians, in general, we think they can apply to civil
engineers and civil engineering technicians in particular.

Summarising then for the purposes of this study a civil
engineer is defined by the E.U.S.E.C. definition of a professional
engineer previously mentioned, with the proviso that where the term
engineer occurs it is qualified by use of the word civil. For a
civil engineering technician a modified version of Young's definition
is used.

4.1.3. Foremen

One problem requires further consideration, whilst our definition
of a technician hes been extended to include management techniques
associated with technical skills aid thus to cover supervision,it is
useful to examine a foreman in isolation. A study of what a foreman
does led to the development of the following definition:

* Young, J.T. "Technicians, Today and Tomorrow" Sir Isaac Pitman
& Sons, London, 1965.



A foreman supervises the work of skilled craftsmen

(or tradesmen), and unskilled workers, may also

work himself as a skilled craftsman or tradesman,

rind may have undergone a formal course of instruction

in technical ana management subjects relevant to his

work as a civil engineering foreman/supervisor.

This definition thus covered the man in whom we were
intersted, but it differed from that deaiin, with a technician.
The view has been expressed that civil engineering needs basic
genera technicians and more specialised technicians. In the
same way our examination had revealed that two categories of

person were involved - technician and foreman.

these, however, may not entirely equate with the two
categories mentioned by Stokerfbut the position concerning technicians
is not simple and uncomplicated, a number of types, or levels of
activity, are involved.

It should be borne in mind that in the realities of industry
ti-.ere will be areas of overlap between civil engineer-and technician
during their everyday activities. An engineer will occasonally do
technician's work and a top level technician will do engineer's work.
in addition, the boundaries between what is called engineer's work
and technician's work will be diffuse. This is unavoidable, but
poses no problem in the pursuit of the survey objectives. It is the
substance of the differences that is of interest.

4.2. CIVIL ENGINEERING POPULATION

4.2.1. Civil Engineering Data

There were few data available concerning the (Avil engineering
population. This was not entirely unexpected, but th,.! collection of
statistics is time consuming and well over six months were spent
assembling quantitative data on civil engineering of sufficient
accuracy to enable us to proceed with some confidence to the main study.
DurinE7 the course of this work Commonwealth and State Government
Derartments were asked for numerical details about their civil
engineering staff, Local Government instrumentalities were contacted
in writing or by telephone for similar details, individual private
consulting organisations were approached about their civil engineering
staff, a short questionnaire was prepared and circulated to members
of the Australian Federation of Construction Contractors (the membership
list being supplied by the Federation), major companies in general
industry were contacted for information about civil engineering employees
and every other possible means were used to piece together the data.
Unhappily, also, it became apparent as the collection of data proceeded

+ 1. Kangan, M. The duties and training of foremen, Personnel Practice
Pdlletin (Bulletin of Industrial Psychology and Personnel
Practice). Vol. 9 No. 4 Dec. 1953, pp.32-39.

2. Mandell, M.M. & Duckworth, P. The Supervisor's Job: A Survey. Personnel
Vol. 31. No. 5 March 1955 pp.456-462, Sept. 1955 p.75.

3. Poidevin, B.L. The functions of the industrial supervisor.



This definition thus covered the man in whom we were
interested, but it differed from that dealing with a technician.
The view has been expressed that civil engineering needs basic
general technicians and more specialised technicians. * In the

same way our examination had revealed that two categories of

person were involved - technician and foreman.

These, however, may not entirely equate with the two
categories mentioned by Stoke?but the position concerning technicians

is not simple and uncomplicated, a number of types, or levels of

activity, are involved.

It should be borne in mind that in the realities of industry

tLere will be areas of overlap between civil engineer and technician

during their everyday activities. An engineer will occasionally do
technician's work and a top level technician will do engineer's work.
In addition, the boundaries between what is called engineer's work

and technician's work will be diffuse. This is unavoidable, but
poses no problem in the pursuit of the survey objectives. It is the

substance of the differences that is of interest.

4.2. CIVIL ENGINEERING POPULATION

4.2.1. Civil Engineering Data

There were few data available concerning the civil engineering

population. This was not entirely unexpected, but the collection of

statistics is time consuming and well over six months were spent
assembling quantitative data on civil engineering of sufficient
accuracy to enable us to proceed with some confidence to the main study.

During the course of this work Commonwealth and State Government
DeTartments were asked for numerical details about their civil

engineering staff, Local Government instrumentalities were contacted

in wri.ting or by telephone for similar details, individual private
consulting organisations were approached about their civil engineering

staff, a short questionnaire was prepared and circulated to members

of the Australian Federation of Construction Contractors (the membership
list being supplied by the Federation), major companies in general
industry were contacted for information about civil engineering employees

and every other possible means were used to piece together the data.
Unhappily, also, it became apparent as the collection of data proceeded

+ 1. Kangan, M. The duties and training of foremen, Personnel Practice
Bulletin (Bulletin of Industrial Psychology and Personnel
Practice). Vol. 9 No. 4 Dec. 1953, PP32-39.

2. Mandell, M.M. & Duckworth, P. The Supervisor's Job: A Survey. Personnel

Vol. 31. No. 5 March 1955 pp0456-462, Sept. 1955 p.75.

3. Poidevin, B.L. The functions of the industrial supervisor.
Personnel Practice Bulletin Vol. 12 No. 1 March 1956, pp.18.25.

Stoker, G., Education and Training of Technicians - Report of an

Expert Conference held at the College of Education (Technical)

Huddersfield, U.K., Oct. 1966. H.M.S.O. London, U.K. 1967.



that our efforts could have to be confined to N.S.W. only; collection
of lata for the whole of Australia whilst possible, would have left no
money with which to carry out the main purpose of the study.

It could be asked why we decided to spend time collecting data
about civil engineering and the people employed in civil engineering,
and why we could not have simply sent questionnaires or conducted
interviews with engineers and technicians selected on some arbitrary
basis. The answer to this must be that we thought the survey was not
worth carrying out unless we were sure the results could be related to
the entire industry. For mu* sample to be representative, therefore,
it was necessary to have quantitative information about the entire
civil engineering industry.

Had we decided to select a sample on an arbitrary basis no
data concerning the technicians existed to permit even this. In the
case of the engineers, the Institution of Engineers, Australia, had no
information relating specifically to the civil engineer segment of
their membership. They were able to make an estimate of the proportion
of their members who were civil engineers, but these could only be
part of the total civil engineers in employment (about 50 percent for
N.S.W. as we later discovered).

4.2.2. Model of Civil Engineering Industry.

Early in the study a model of the civil engineering industry
population was devised. It was based on the idea that the industry
was still substantially organised on traditional lines. It was
realised, however, that there would be some lack of fit, or misfit in
some instances, but it was thought that such misfit would occur in
only a few places. The model selected was three-dimensional; the
three dimensions being type of employer, type of employee and area of
work. It can be depicted as follows:

FIGURE 4.2.1. MODEL OF CIVIL ENGINEERING INDUSTRY
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basis. The answer to this must be that we thought the survey was not
worth carrying out unless we were sure the results could be related to
the entire industry. For our sample to be representative, therefore,
it was necessary to have quantitative information about the entire
civil engineering industry.

Had we decided to select a sample on an arbitrary basis no
data concerning the technicians existed to permit even this. In the
case of the engineers, the Institution of Engineers, Australia, had no
information relating specifically to the civil engineer segment of
their membership. They were able to make an estimate of the proportion
of their members who were civil engineers, but these could only be
part of the total civil engineers in employment (about 50 percent for
N.S.W. as we later discovered).

4.2.2. Model of Civil Engineering Industry.

Early in the study a model of the civil engineering industry
population was devised. It was based on the idea that the industry
was still substantially organised on traditional lines. It was
realised, however, that there would be some lack of fit, or misfit in
some instances, but it was thought that such misfit would occur in
only a few places. The model selected was three-dimensional; the
three dimensions being type of employer, type of employee and area of
work. It can be depicted as follows:

FIGURE 4.2.1. MODEL OF CIVIL ENGINEERING INDUSTRY
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For dimension A - the areas of work, the model for this
dimension compared favourably with the labour and Industry survey,
wM.ch was confined to the Professional Engineer Level, but covered

all engineers. This is shown in the following table:

TABLE 4.2.1. Comparison between models of dimension A - areas
of work, between the present survey and the

Department of Labour & Industry survey.

PRESENT SURVEY DEPT. OF LABOUR & INDUSTRY SURVEY

A
11

A
12

A
13

Construction

Design

Feasibility studies

A
14

Xaintenance

A
15

Resc.arch and
development

A16 Sales

Construction /Installation

Engineering design

Planning including long range and
resource planning, evaluation of

capital.

Maintenance of plant, equipment
and transport.

Research/development/expt,lrimental
engineering and testing

Sales/Marketing
Management/supervision
Production Industrial Engineering
Teaching/Training

In our study Management/Supervision was excluded as a separate

area of work since it was decided that rather than being an isolated
activity, it could only be considered in conjunction with, and as an

integral part of other areas of work, e.g. Manager of design activities.
Therefore, although this did not exist as a separate category in our

classification, elements involved in managerial work were still

included in our model. Production and Industrial Engineering which
accounted for only 0.5 percent of the total Australian civil
engineering population could be (and were) legitimately excluded from
the study. Teaching/Training had previously been excluded since the
employment could be regarded as "teaching" rather than civil engineering

practice.

Tne complete three-dimensional model can be reduced to a

series of two dimensional models each concerned with one level of

:Ain. They are represented qualitatively in the following tables,

where X represents empty or near empty cells as discerned from
the Labour & National Service survey and also our knowledge of the

activities involved.



As the study of the population progressed the dimension E,
i.e. employers of civil engineers was modified as follows:

a) Government departments were split into two, viz.
Commonwealth Government - Stale Government departments ;

b) Teaching was excluded;

and the final classification of the E dimension was therefore:-

EI = Commonwealth Government

E2 = State Government

E
3

= Local Government

E
4

= Consultants

E
5

= Contractors

E
6

= General Industry.

The listing compared favourably with that used in an earlier
investigation carried out by the Department of Labour and National
Service which aimed to * "determine recent trends and changes in the
pattern of employment of engineers in various industries and to
obtain current data on the structure and composition of the Profession".

The six levels of skill shown in the model were modified and
reduced to three levels by including graduates with professional
engineers as "engineers"; technicians and special technicians were
grouped together as "technicians"; and a third category of skill, "the
foreman", was introduced. Whilst the foreman can be regarded as a
separate category of technician, for a variety of reasons he was placed
at a separate level of skill in this study.

Dimension A, area/type of work, at the three different levels
comprised:-

Level 1. Engineer

A
11

= Construction

A
12

= Design

A
13

= Feasibility studies

A
14

= Maintenance

A15 = Research and Development

A16 = Sales

Level 2. Technician

A
21

= Drafting

A
22

= Surveying

A
23

= Laboratory work (viz. Quality control and materials testing)

Afth = Construction (viz. General Foreman)



and the final classification of the E dimension was therefore: -

E1 = Commonwealth Government

E
2

= State Government

E
3

= Local Government

= Consultants

E
5

= Contractors

E
6

= General Industry.

The listing compared favourably with that used in an earlier
investigation carried out by the Department of Labour and National
Service which aimed to "determine recent trends and changes in the
pattern of employment of engineers in various industries and to
obtain current data on the structure and composition of the Profession".

The six levels of skill shown in the model were modified and
reduced to three levels by including graduates with professional
engineers as "engineers"; technicians and special technicians were
grouped together as "technicians"; and a third category of skill, "the

foreman", was introduced. Whilst the foreman can be regarded as a
separate category of technician, for a variety of reasons he was placed
at a separate level of skill in this study.

Dimension A, area/type of work, at the three different levels
comprised:-

Level 1. Engineer

A
11

= Construction

Al2 =
Design

A13 = Feasibility studies

A
14

= Maintenance

A15 = Research ant Development

A
16

= Sales

Level 2. Technician

A
21

= Drafting

A
22

= Surveying

A
23

= Laboratory work (viz. Quality control and materials testing)

A
24

= Construction (viz. General Foreman)

Level 3. Foreman

A
31

= Construction

Department of Labour and National Service Survey conducted 1971.



TABLE 4.2.2. Level L1 - Engineer

Employer (E) Area of Work (A)
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SYMBOL A11 Al2 A14

'COMMONWEALTH GOVT. E
l

STATE GOVT. E
2

j

LOCAL GOVT. E
3

X

CONSULTANTS E
4

X X

CONTRACTORS E
5

X X

GENERAL INDUSTRY E
6

TABLE 4.2.3. Level L
2

- Technician

EMPLOYER (E) Area of Work (A)

DRAFTING
(Draftsmen)

SURVEYING
(Survey

Technicians)

LABORATORY
WORK

(MATERIALS
TESTING &

QUALITY
CONTROL)

BUILDING
&

CONSTRUCTION

SYMBOL A
21

A
22

A
23

A
24

COMM.GOVT. E
1

STATE GOVT. E
2

E
3

4=.1
LOCAL GOVT.
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TABLE 4.2.3. Level L2 - Technician

EMPLOYER (E) Area of work (A)

DRAFTING
(Draftsmen)

SURVEYING
(Survey

Technicians)
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WORK

(MATERIALS
TESTING &
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CONTROL)

BUILDING
&

CONSTRUCTION

SYMBOL A
. .

A
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A
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A
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2

LOCAL GOVT. E
3

CONSULTANTS E
4

X X X

A

CONTRACTORS E
5

GENERAL IND. E
6
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TABLE 4.2.4. Level L
3
- Foreman

Symbol

Area of Work (A)
Construction

A
25

C'WEALTH GOVT. E
1

STATE GOVERNMENT E
2

LOCAL GOVERNMENT E
3

CONSULTANTS E
4

X

CONTRACTORS

GENERAL INDUSTRY E
6

4 .2 Structure within strata along the dimension - employer.,

Since there was no central body which could identify the
elements included in our sub-populations, so defined, it was
necessary as mentioned earlier, to approach each of the various
organizations included within each of the broad categories Ee,
requesting figures on the number of staff at each level and
their corresponding areas of work. The figures which were compiled
could only at best serve as estimates of the quantitative
distributions of the sub-populations. In most cases the information
obtained was incomplete and/or constituted a sample of the
sub-populations, so that estimates had to be made of the pro-rata
population figures. It also became evident that the categories
provided in dimension A were in many cases not exclusive, in that
employees could be involved in a number of areas of work, and often
information of this sort was simply unavailable. An interesting,
although obvious fact is that degree of specialization varies directly
with the size of the employing body. Since size of organisation can
thus influence type of activities performed by the individual this
may constitute an interesting field of investigation as well as a
point which should be considered in the sampling design. Keeping
these factors in mind each of the strata in dimension E was analyzed
in detail and where possible given quantification.

STRATUM El - COMMONWEALTH GOVERNMENT

A list of departments employing Civil Engineering staff in
the Commonwealth Government was obtained from the Commonwealth
Public service Board. The figures provided, applied only to
Professional Staff in Australia as a whole. It was thus necessary to
build up a picture of the N.S.W. distribution, by approaching each
individual department. There is a rreat rlearth of information on area
of work, since the number of civil engineering staff in each department
is small, thus not allowing for specialization. The following structure
was obtained.



TABLE 4.21.2. COMMONWEALTH GOVERNMENT

Department Engineer
L

Technician
L
2

Foreman
L

Works 97 92 84

Atomic Energy 6 3 5

Civil Aviation 12 10 4

Army 20 20 50

National Dev. 5 11 2

Totals 140 136 145

STRATUM E2 - STATE GOVERNMENT

This stratum consists of a number of large departments

with clearly differentiated and specialized activities. These

organisations undertake large civil engineering projects and thus

employ a range of civil engineering specialists to deal with each

state of the project, viz. planning, design construction and

maintenance. Thus employees are fairly readily classified according

to area of work.

TABLE 4.2.6. STATE GOVERNMENT

Engineers Technilans Foremen_
A
31

Construct-
A11
C

Al2
D

A1313
F

1

M
A15
R Total

21
Draft

A22
Survey

A A
23 124

Lab Const Total
ion----.....

MAIN ROADS 200 72 66 0 0 348 522 5 168 2 697 242

M.W.S. tt.

D.Board 105 117 58 24 0 304 327 47 27 27 428 1,071

RAILWAYS 24 42 0 50 0 116 48 65 65

PUBLIC WORKS 181 42 39 4 4 270 35 0 0 185 220 53

HOUSING COMM. 8 12 0 3 0 23 12 0 0 21 33 8

ELECTkICITY
COMM. 15 39 6 0 0 60 45 0 0 63 108 3

MARITIME "ERN. 18 24 0 0 3 45 39 1 11 0 51 25

MuTok 11/ANS. 0 5 0 0 0 5 16 0 0 0 16 19

CONaRVATION 220 148 56

TOTALS
(ESTIMATES) 654 417 209 97 14 1,391 1,147 53 247 317 1,766 19590

PROPORTIONS 0.47 0.30 0.15 0.0710.01 1.00 0.65 0.03 0.14 0.18 1.00 1.00



STRATUM E3 - LOCAL GOVERNMENT

From a total of 92 municipalities and 133 shires compiled from
Local Government 1971 List of Municipalities, Shires, County Districts,
and Urban Areas, a sample was taken which provided the following
estimates pertaining to number of staff at each level and within each
area of work. Since, however, the number of staff employed is small
seldom more than twenty employees are usually required to work in
several of the activities listed.

TABLE . LOCAL GOVERNMENT

Engineers Technicians Foremen

11

C

Al2
D

A13

F
A14
M

A15

R Total
1

A21

Draft

A22

Survey

A23

Lab

A24

Coast Total

A31

Total

4UNICIPALITIES

SHIRE6

.31 .34 .16 - 1.00 .25 .55 .05 .15 1.00 -

.37 .27 .16 .19 - X1.00 .32 .52 .16 .12 1.00 -

TOTALS
(ESTIMATES)

105 90 48 57 - j 300 110 174 A 56 378 453

PROPORTIONS 0.35 0.30 0.16 0.19 - 1.00 0.29 0.46 0.10 0.15 1.00 1.00

STRATUM E4 - CONSULTANTS

A list of companies was compiled from "The Association of
Consulting Engineers' List of Members", and supplemented by the Pink
Pages section of the telephone directory headed "Engineers - Consulting".
Details concerning the staff employed were obtained for each company
and a distribution of companies according to size was compiled. Size
was measured by the total number of civil engineering employees. This
distribution is shown in Figure 4.2.2.

The estimated numbers are:-

TABLE 4.2.8. CONSULTANTS

Engineers
A
12

Design

111211111111

Technicians
A
21

Drafting

804

STRATUM E5 - CONTRACTORS

A brief questioner ,-, was circulated to members of the
Australian Federation of .`_%ction Contractors seeking details
of numbers of staff employ,... This was supplemented by consulting
the Pink Pages section of the Telephone Directory headed "contractors",
and where necessary, figues on number of staff employed at each level



were obtainea for each company. The final estimates obtained
are as follows:

TABLE 4.2.9. CONTRACTORS

En,ineers Technicians
Foremen

C Total Draft Survey Lab. Coast. Total Total

TOTALS (ESTIMATES) 357 357 66 48 52 165 331 669

PROPORTIONS 1.00 1.00 0.20 0.14 0.16 0.50 1.00 1.00

The distribution of companies according to size, where size is
measured by the total number of staff at each level of civil
engineering, appears in Figure 4.2.3.

STRATUM E6 - GENERAL INDUSTRY

Only a small number of companies it appears employ civil
engineering staff in New South Wales. A list was compiled from the
"Classific:.tion and Classified List of Industries" of the Commonwealth
Bureau of Census & Statistics, and various business journals. A

summary of the final estimates is given in Table 4.2.10.

TABLE 4.2.10. GENERAL INDUSTRY

Engineers . Technicians Foreme

Total Draft Survey Lab.Const.Total Total

TOTALS
(ESTIMATES)

1=mm...a ...ge.r.waromme

PROPORTIONS

34 24 5 9 2 39 113 76 27 15 11 129 152

0.30 0.21 0.04 0;08 0.02 0.34 1.00 0.59 0.21 0.12 0.09 1.00 152

Detailed analysis of each of the strata in dimension E involved

considerable time and effort but eventually data were collected and

assembled. The degree of misfit turned out to be small. For instance,

the concept of the project engineer has become increasingly popular
although there are not many organisations yet that use this person

extensively. The model described does not provide a position for the
project engineer precisely. Another area of misfit arose when it was
found that no slots were provided for traffic engineering and town
planning, but whilst very important, the number of traffic engineers
or people engaged in grappling with the problems of town planning

and pedestrian and vehicular traffic is still small.

4.2.4. Quantification of Population Models.-
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Scar ineers Technicians
Foremen

Total Draft Survey Lab. Const. Total Total

TOTALS (ESTIMATES) 357 I 357 66 48 52 165 331 669
1

(PROPORTIONS 1.00 1 1.00 F 0.20 0.14 0.16 0.50 1.00 1.00

The distribution of companies according to size, where size is
measured by the total number of staff at each level of civil
engineering, appears in Figure 4.2.3.

STRATUM E6 - GENERAL INDUSTRY

Only a small number of companies it appears employ civil
engineering staff in New South Wales. A list was compiled from the
"Classification and Classified List of Industries" of the Commonwealth
Bureau of Census & Statistics, and various business journals. A
summary of the final estimates is given in Table 4.2.10.

TABLE 4.2.10. GENERAL INDUSTRY

Engineers Technicians Foreme'

Total DraftSurvey Lab.Const.Total Total

TOTALS
(ESTIMATES) 34 24 5 9 2 39 113 76 27 15 11 129 152

'---1
152PROPORTIONS 0.30 0.21 0.04 0;08 0.02 0.34 1.00 0.59 0.21 0.12 0.09 1.00

Detailed analysis of each of the strata in dimension E involved
considerable time and effort but eventually data were collected and
assembled. The degree of misfit turned out to be small. For instance,
the concept of the project engineer has become increasingly popular
although there are not many organisations yet that use this person
extensively. The model described does not provide a position for the
project engineer precisely. Another area of misfit arose when it was
found that no slots were provided for traffic engineering and town
planning, but whilst very important, the number of traffic engineers
or people engaged in grappling with the problems of town planning
and pedestrian and vehicular traffic is still small.

4.2.4. Quantification of Population Models.

The "final" quantitative information on the population in
civil engineering is shown in the following Tables 4.2.11 - 4.2.13.
This applies to N.S.W. only.

21.



FIGURE 4.2.2.

DISTRIBUTION OF C ,NSULTING ENGINEERING FIRMS IN N.S.W. IN TERMS OF SIZE
AS MEASURED BY THE TOTAL NUMBER OF EMPLOYEES INVOLVED IN THE FIELD OF
CIVIL ENGINEERING
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FIGURE 4.2.3.

DISTRIBUTION OF POPULATION OF CONTRACTORS IN N.S.W. ACCORDING TO SIZE
WHERE SIZE IS MEASURED BY THE NUMBER OF CtVIL ENGINEERING STAFF
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TABLE 4.2.11. SUANTITATIVE MODEL OF ENGINEER LEVEL (N.S.W.)

T

I

Construe-
tion
A

-----,....
No.

11

Prop.

Design

A
12

Feasi-
bility
A

No.Prop.

13

Mainten-
ance
A
14

Research Sales

A
16

Totals

No.

1.---

Prop. No.i'rop.No.Prop. No. Prop. No. Prop.

COMM. GOVT. E11 44 0.25 88 0.50 36 0.20 2 0.01 7

I

.04

I

- - 177 0.06

STATE GOVT. E
2

i

653
,

0.47 417 0.30 209 0.15 97 ('.07 14 .01 - - 1,391 0.48

LOCAL GOVT. E
3

105 0.35 90 0.30 48 0.16 57 0.19 - - - - 300 0.10

CONSULTANTS E
4

. - 522 1.00 - - - - - - - - 352 0.19

CONTRACTORS E 357 1.00 - - - 357 0.13

GEN. IND. E
6

34 0.30 24 0.21 5 0.04 9 0.08 2' .02 39 .34 113 0.04

TOTALS 1,193 1,171 298 165 23 39 2,890

PROPORTIONS 0.41
...,

0.41 0.10 0.06 0.01 0.01 1.00

TABLE 4.2.12. 9,11ANTITATIVE MODEL OF TECHNICIAN LEVEL (N.S.W.)

A21 A31
41 51

Draf%irig . Surxeving Laboratory ConOructio, Tptala
No. Prop. No. Prop. No. Prop. No. Prop. No. Prop.

COMM. GOVT. 85 0.65 3 0.02 14 0.11 28 0.22 130 0.037

STATE GOVT. 1,148 0.65 53 0.03 247 0.14 318 0.18 1,766 0.500

LOCAL GOVT. 110 0.29 174 0.46 38 0.10 56 0.15 378 0.107

CONSULTANTS 804 1.00 -
- A

- - - - - 804 0.227

CONTRACTORS 66 0.20 48 0.14 52 0.16 165 0.50 331
1

0.094

GEN. IND. 76 0.59 27 0.21 15 0.12 11 0.09 129 0.036

TOTALS 2,289
, ,

305

,

366

,

578 3.538

PROPORTIONS 0.65 0.09 0.10 0.16 1.00

.) a



TABLE 4.2.13. QUANTITATIVE MODEL OF FOREMAN IiBVEL

A
31

Construction

No. Prop.

COMM. GOVT. 145 0.05

STATE GOVT. 1,590 0.53

LOCAL GOVT. 453 0.15

CONSULTANTS 0 0

CONTRACTORS 669 0.22

GEN. IND. 152 0.05

TOTAL 3,009 1.00

As mentioned above the tables refer only to N.S.W. This
limitation arose solely because of the limitation on resources.
Information was collected from the Government Departments in
Victoria but it was realised reluctantly that we could not carry
this through to cover the whole of Victoria and still have sufficient
time and money to reach the first main objective of the study.

Whilst N.S.W. is not Australia, and Victoria differs in
some respects from N.S.W., it is hoped that information on the civil
engineering population for Australia as a whole could be inferred
from what has been determined for N.S.W. Information on training
institutions was obtained from all States.



5. SAMPLE DESIGN AND SELECTION

'.1. SAMPLE SIZE

The choice of sample design depends on the physical distribution
of the population, the resources available, the characteristics to be
studied and on the research objectives. If the sample selection is
made to correspond with the variances in the characteristic under
investigation, standard error will be reduced and if the populations'
distribution and properties are accounted for in the design the
expenditure by using a reduced sample size can be lowered without loss
in the precision of the estimates. Thus sample design is complex.
In addition it is of great importance and we obtained advice from an
expert to ensure the methods we used and the sample we selected
represented the population, and so made sure that the results we
obtained and any conclusions drawn from them were valid.

Examination of the population distribution showed the following
major factors which may influence this choice -

(a) clustering - the elementary sampling units fell naturally
into clusters, or groups, viz. departments, companies,
municipalities and shires.

(b) size - the size of the employing organisation influenced the
degree of specialisation or vxiety of activities performed
by its employees and thus can be said to contribute to the
variance in pattern of job activities.

(c) stratification - the population was distributed unequally
amongst the various cells of the frame (tables 2-4). Both
dimensions E and A would appear to influence the type of
activities performed by the employee so that each cell
represents a relatively homogeneous group in contrast to the
total population.

After consideration of these points it was decided to use a
stratified sampling procedure since stratification ensures adequate
representation from each sector of the population. Where strata
are arranged so that elements within strata are relatively homogeneous
and differ greatly from elements in other strata with respect to task
profile (the variable to be estimated) stratification considerably
reduces the standard error. Where the sub-populations within strata
have different distribution and characteristics stratification allows
for different sample designs and procedures to be used to suit each
stratum, whilst still allowing the stratum estimates to be combined to
form an estimation of the total population parameter.

Of the dimensions used to characterise the population only the
dimension - type of employer, satisfied the criteria for stratification.
Area of work could not be used because some employees are employed in
more than one area of work, e.g. in the case of the project engineer.

Three separate questionnaires were distributed amongst the
population, each designed to analyse the structure and elements involved
in civil engineering practice (see Chap. 6.1.), which deals with the
development of the questionnaires or schedules). The Task Analysis
Questionnaire, and the Curriculum Questionnaire were distributed to
levels 1 and 2 (engineers and technicians), whilst the Foreman's
Questionnaire was distributed only at level 3 (foremen).
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studied and on the research objectives. If the sample selection is
made to correspond with the variances in the characteristic under
investigation, standard error will be reduced and if the populations'
distribution and properties are accounted for in the design the
expenditure by using a reduced sample size can be lowered without loss
in the precision of the estimates. Thus sample design is complex.
In addition it is of great importance and we obtained adv-ce from an
expert to ensure the methods we used and the sample we selected
represented the population, and so made sure that the results we
obtained and any conclusions drawn from them were valid.

Examination of the population distribution showed the following
major factors which may influence this choice -

(a) clustering - the elementary sampling units fell naturally
into clusters, or groups, viz. departments, companies,
municipalities and shires.

(b) size - the size of the employing organisation influenced the
degree of specialisation or variety of activities performed
by its employees and thus can be said to contribute to the
variance in pattern of job activities.

(c) stratification - the population was distributed unequally
amongst the various cells of the frame (tables 2-4). Both
dimensions E and A would appear to influence the type of
activities performed by the employee so that each cell
represents a relatively homogeneous group in contrast to the
total population.

After consideration of these points it was decided to use a
stratified sampling procedure since stratification ensures adequate
representation from each sector of the population. Where strata
are arranged so that elements within strata are relatively homogeneous
and differ greatly from elements in other strata with respect to task
profile (the variable to be estimated) stratification considerably
reduces the standard error. Where the sub-populations within strata
have different distribution and characteristics stratification allows
for different sample designs and procedures to be used to suit each
stratum, whilst still allowing the stratum estimates to be combined to
Dorm an estimation of the total population parameter.

Of the dimensions used to characterise the population only the
dimension - type of employer, satisfied the criteria for stratification.
Area of work could not be used because some employees are employed in
more than one area of work,le.g. in the case of the project engineer.

Three separate questionnaires were distributed amongst the
population, each designed to analyse the structure and elements involved
in civil engineering practice (see Chap. 6.1.), which deals with the
development of the questionnaires or schedules). The Task Analysis
Questionnaire, and the Curriculum Questionnaire were distributed to
levels 1 and 2 (engineers and technicians), whilst the Foreman's
Questionnaire was distributed only at level 3 (foremen).

The sample sizes for each level, and for each questionnaire were
decided upon in light of the following considerations:

(1) Method of Response - The impersonal mass distribution of
questionnaires (discussed later) made it necessary to inflate the sample
size by about 30 per cent to allow for a possible high non-response rate.



(This did not eventuate as it happened; our response rate was greater
than 43 per cent, c.f. the P.E. Consulting Group (Australia) Pty. Ltd.

survey where 36 per cent retrun rate was obtained. Our questionnaire
was long and required more than one hour to complete, and much time
and effort on our part was devoted to obtaining this comparatively high

return rate. We were anxious that any conclusions drawn referred to
the real population and not just the enthusiasts who readily returned

the questionnaire. ProYiles of response taken at various times
(discussed later - Chap. 7.) showed clearly that the response pattern
did not vary with time.)

(2) Variance - Since levels 1 and 2 contained more variability
in types of activities performed than level 3, a larger sample was

taken.

(3) 7vwe of Schedule - Since "Schedule B"* was a detailed analysis
of "Design" activities, constituting an extension of the more general
and fundamental "Schedule A", a smaller sample size was chosen for

this schedule.

(4) Analyses_ Since Schedule A and B were to be distributed at
both levels 1 and 2, a comparison between these could be readiiy made.

To enhance this equal sample sizes were taken for each of these levels.

(5) Resources - The amount of time and money which could be
allotted to the distribution and collection of questionnaires was limited.

With these points in mind, the Research Committee decided upon the
following overall Sample Sizes, which are presented in Table 5.'!,
together with their corresponding percentages (approximations only) of

the population.

TABLE 5.1.1. SAMPLE SIZES

Level

Schedules

Totals
Task Analysis
Questionnaire

Curriculum
Questionnaire

Foreman's
Questionnaire

Size % Size Size % Size %

1 400 14 300 10 . . 700 24

(N
1
t) (N1c)

2 400 11 300 9 . . 700 20
(N2t) (N2c)

3 -
i

. 300 10 300 10
(H
3
E)

TOTALS 800 9 600 6 300 3 1,700 18

Using the stratification procedure, the sample sizes of Table 5.1.1.
were divided proportionately among the strata Ee, with weights We as
shown in Tables 5.1.2., 5.1.3., and 5.1.4., where We represent the ratio
of elements within strata (E) relative to the total population.

Note: Sample Sizes indicate the number of Illmentary, sampling units.
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the questionnaire. Profiles of response taken at various times
(discussed later - Chap, 7.) showed clearly that the response pattern
did not vary with time.)

(2) Variance - Since levels 1 and 2 contained more variability
in types of activities performed than level 3, a larger sample was
taken.

(3) Type of Schedule - Since "Schedule Bfl* was a detailed analysis
of "Design" activities, constituting an extension of the more general
and fundamental "Schedule A", a smaller sample size was chosen for
this schedule.

(4) Analyses - Since Schedule A and B were to be distributed at
both levels 1 and 2, a comparison between these could be readily made.
To enhance this equal sample sizes were taken for each of these levels.

(5) Resources - The amount of time and money which could be
allotted to the distribution and collection of questionnaires was limited.

With these points in mind, the Research Committee decided upon the
following overall Sample Sizes, which are presented in Table 5.1,
together with their corresponding percentages (approximations only) of
the population.

TABLE 5.1.1. SAMPLE SIZES

Level

Schedules

Totals
Task Analysis
Questionnaire

Curriculum
Questionnaire

Foreman's
Questionnaire

Size % Size % Size % Size

1 400 14 300 10 - - 700 24
(N

1
t) (N1c)

2 400 11 300 9 - - 700 20
(N2t)

(N2c)

3 - . 300 10 300 10
(H3E)

TOTALS 800 9 600 1 6 300 3 1,700 18

Using the stratificatimi procedure, the sample sizes of Table 5.1.1.
were divided proportionately among the strata Ee, with weights We as
shown in Tables 5.1.2., 5.1.3., and 5.1.4., where We represent the ratio
of elements within strata (E) relative to the total population.

Note: Sample Sizes indicate the number of elementary sampling units.

Schedule A = Task Analysis Questionnaire (called Survey Schedule
for field work)

Schedule B = Curriculum Questionnaire



TABLE 5.1.2. SELECTION OF THE SAMPLE ENGINEER LEVEL -

N
1

= 700, N
1
T = 400 N

1
C = 300

Stratum

E

Weights Sample Size

W
e

Task Anal.Q.
N
e
T

Sample Size

Curriculum Q.
N
e
C

E
1
Commonwealth Govt. 0.061

E
2
State Government 0.481

E.. Local Government 0.104

E
4
Consultants

E
5
Contractors

L
6
General Industry

TOTAL

0.191

0.124

0.039

24

192

42

76

50

16

18

145

31

57

37

12

Total

Sample
Size N

e

42

337

73

133

87

26

TABLE 5.1.3. SELECTION OF THE SAMPLE - TECHNICIAN LEVEL - L2

N
2

= 700, N
2
T = 400 N

2
C = 300

Stratum

E

Commonwealth Govt.

E State Government
2

E
3
Local Government

E
4
Consultants

E
5
Contractors

E
6
General Industry

TOTAL

Weights f

W
e

Sample Size t

Task Anal.Q.
N
e
T

Sample Size

Curriculum Q.
N
e
C

Total

Sample
Size N

e

0.037 15 11 26

0.499 199 150 349

0.107 43 32 75

0.227 91 68 159

0.094 38 28 66

0.036 14 11 25

1.000 400 300 700

TABLE 5.1.4. SELECTION OF THE SAMPLE - FOREMAN - LEVEL 3

N3 = 300, N
3
T = 300

Stratum

E

Weights Sample Size
Foreman's

W
e Questionnaire

E
1
Commonwealth Govt. 0.076

E
2
State Government 0.504

E
3
Local Government 0.160

E
4
Contractors 0.212

E
5
General Industry 0.048

23

151

48

64

14

Total
Sample Size

23

151

48

64

14



N
e
T N

e
C Size N

e

E
1
Commonwealth Govt. 0.061 24 18 42

E
2
State Government 0.481 192 145 337

E
3
Local Government 0.104 42 31 73

E
4
Consultants 0.191 76 57 133

E
5
Contractors 0.124 5o 37 87

E
6
General Industry 0.039 16 12 28

TOTAL 1.000 400 300 700

TASLE 5.1.3. SELECTION OF THE SAMPLE - TECHNICIAN LEVEL

N
2

= 700 N
2
T = 400 2

C = 300

L2

Stratum

E

Weights I Sample Size Sample Size

W
e

Task Anal.Q.
N
e
T

E
1
Commonwealth Govt. 0.037

E
2
State Government 0.499

E
3
Local. Government 0.107

E
4
Consultants 0.227

E
5
Contractors 0.094

E
6
General Industry 0.036

TOTAL 1.000

15

199

43

91

38

14

400

Curriculum Q.
N
e
C

Total

Sample
Size N

e

11

150

32

68

28

11

26

349

75

159

66

25

300 700

TABLE 5.1.4. SELECTION OF THE SAMPLE - FOREMAN - LEVEL 3

N
3
T 300N

3
= 300

Stratum

E

Weights

W
e

Sample Size
Foreman's

Questionnaire

Total
Sample Size

E
1
Commonwealth Govt. 0.076 23 23

E
2
State Government 0.504 151 151

E
3
Local Government 0.160 48 48

E
4
Contractors 0.212 64 64

E
5
General Industry 0.048 14 14

TOTAL 1.000 300 300



SAMPLE SELECTION

p.2.1. COMMONWEALTH GOVERNMENT ONLY STRATUM El.

Elementary sampling units are clustered into a small numbei of

Departments with clearly differentiated activities and as such form

different strata rather than clusters, which should be basically

homogeneous in structure. The sample sizes at each level, were thus,
proportionately stratified across all of the Departments to obtain

the final sample sizes for each, as shown in Tables 5.2.1.1. to 5.2.1.3.

TABLE 5.2.1.1. LEVEL 1 - ENGINEERS

Department

.

Weight

A

Task Analysis
Questionnaire

Curriculum
Questionnaire

Total
Sample
Size

Works 0.69 17 12 29

Atomic Energy 0.04 1 1 2

Civil Aviation 0.09 2 2 4

Army 0.14 3 2 5
National Dev. 0.04 1 1 2

TOTALS 1.00 24 18 42

TABLE 5.2.1.2. LEVEL 2 - TECHNICIANS

Department Weight Task Analysis
Questionnaire

Curriculum
Questionnaire

...-

Total
Sample
Size

Works 0.68 10 7 17

Atomic Energy 0.02 1 0 1

Civil Aviation 0.07 1 1 2

Army 0.15 1 2 4

National Dev. 0.08 1 1 2

TOTALS 1.00 15 11 26
- .

TABLE 5.2.1.3. LEVEL 3 - FOREMEN

Department Weights

..-

Foreman's
Questionnaire

Sample Size

Works 0.58 13 13

Atomic Energy 0.03 1 1

Civil Aviation 0.03 1 1

Army 0.35 8 8

National Dev. 0.01 0 0

TOTALS 1.00 23 23



5.2.2. STATE GOVERNMENT - N.Stt, ONLY - STRATUM E2.

Again this stratum consisted of a number of Departments with

their own specialized areas of activity, and as such should each

be represented in the sample selection. The large size of these
departments, made it possible to allocate units to "Areas of Work".

Since this strata represented approximately 50% of the total
population, a twodimensional stratification, was chosen because it would

greatly raise the precision of estimates although it could not be

attempted in less clearly defined strata. The samples at each level

were weighted proportionately across the Departments and then across

"Area of Work". The final weights and sataple sizes are shown in
Tables 5.2.2.1. - 5.2.2.3.

TABLE 5.2.2.1. LEVEL 1 - ENGINEERS

Department Weights Task Analysis
Questionnaire

Curriculum
Questionnaire

Total
Sample
Size

Main Roads
M.W.S.&D.B.
Railways
Public Works
Housing Commission
Electricity
Commission
Maritime Services
Motor Transport
Water Conservation

0.250
0.219
0.083
0.194
0.017

0.043

0.032
0.004
0.158

48
42
16

37
3

8

6
1

31

36

32
12
28
2

6

5
, 1

23

84
74
28
65
5

14

11

2

54

TOTALS 1.000 192 145 337

TABLE 5.2.2.2.
iMMIEMMEMPIIIMIM=1

LEVEL 2 - TECHNICIANS

Department Weights Task Analysis
Questionnaire

Curriculum
Questionnaire

Total
Sample
Size

Main Roads 0.394 78 59 137

M.W.S.&D.B. 0.242 48 36 84

Railways 0.037 7 6 13

Public Works 0.125 25 19 44

Housing Commission 0.019 4 3 7

Electricity
Commission

0.061 12 9 21

Maritime Services 0.029 6 4 10

Motor Transport 0.009 2 1 3

Water Conservation 0.084 17 13 30

TOTALS 1.000 199 150 349

30.



TABLE 5.2.2.3. LEVEL 3 - FOREMEN

Department Weights Foreman's Task
Analysis Questionnaire

Sample
Size

Main Roads 0.157 24 24

M.W.SAD.B. 0.696 105 105

Railways 0.042 6 6

Public Works 0.034 5 5
Housing Commission 0.004 1 1

Electricity
Commission

0.002 1 1

Maritime Services 0.016 2 2

Motor Transport 0.012 2 2

Water Conservation 0.036 5 5
,

_

TOTALS 151 151

5.41.424
LOCAL GOVERNMENT - NSW. ONLY - STRATUM E3.

This stratum consisted of 92 municipalities and 133 shires
which was fairly homogeneous with respect to their activities and

size. These, therefore, readily formed clusters which were used
as the sampling units. The average size of these clusters was small
and there was little dispersion. So each was sampled in toto.

This procedure had the advantage of limited the number of

contacts which needed tu be made, and allowed for easier distribution
through the spokesman (Town or Shire Clerk) for each unit. However,
since personal contact could not be made with each unit as in other
strata (limitation on trunk telephone calls and visits to areas
outside Sydney) the sample was inflated to ensure a response rate

similar to other sections of the overall population.

Using the average numbers of elements within each cluster as a
guide this led to the minimum number of sampling units of 21 and 16

for the Task Analysis Questionnaire and Curriculum Questionnaire. After
inflating these figures, Municipalities and Shires were sampled randomly
and proportionately to their weights in the population and allocated to
either the Task Analysis Questionnaire or the Curriculum Questionnaire

in the ratio 4:3. All the local goverument bodies within each cluster
were sampled. The final selections made are shown in Tables 5.2.3.1. to

5.2.3.3.

5/.



TABLE.2121241. NUMBER OF SAMPLING UNITS

Sample Units Weights
Task Analysis
Questionnaire

Curriculum
Questionnaire

Municipalities 0.4 10 7

Shires 0.6 14 11

TOTAL 1.00 24 18

TABLE 5.2.3.2. SELECTION OF UNITS FOR TASK ANALYSIS QUESTIONNAIRE

Units
Sample Size
Level 1

Sample Size
Level 2

Sample Size
Level 3
(Foreman's
Questionnaire)

MUNICIPALITIES

1. Singleton 1 1 1

2. Fairfield 5 12 10

3. Drummoyne 2 5 7
4. Quirindi 2 3 3
5. Manly 2 1 2
6. Young 0 1 1

7. Cooma 1 3 2
8. North Sydney 4 6 5
9. Forbes 1 2 2

10. Glen Innes 1 0 1

SHIRES

1. Namoi 2 1 2
2. Yarrowlumla 1 0 1

3. Rylstone 2 3 2
4. Tumut 2 2 3
5. Hornsby 7 13 4

6. Shoalhaven 9 12 8
*7. Cudgegong 2 3 3
8. Talbragar 1 1 2
9. Dumaresq 1 1 1

10. Mittagong 2 2 3
11. Canobolas 1 3 3
12. Bingara 1 2 1

13. Warringah 10 8 10
14. Dungog 1 2 2

TOTALS 24 61 87 79



TABLE 5.2.3.2. SELECTION OF UNITS FOR TASK ANALYSIS QUESTIONNAIRE

Units
Sample Size
Level 1

Sample Size
Level 2

Sample Size
Level 3

(Foreman's
Questionnaire)

MUNICIPALITIES

1

5
2

2

2

0
1

4
1

1

1

12

5
3
1

3
6
2
0

10
7
3
2

2
5
2
1

1. Singleton
2. Fairfield
3. Druumoyne
4. Quirindi
5. Manly
6. Young
7. Cooma
8. North Sydney
9. Forbes
le. Glen Innes

SHIRES

1. Namoi 2 1 2

2. Yarrovlumla 1 0 1

3. Rylstone 2 3 2

4. Tumut 2 2 3

5. Hornsby 7 13 4

6. Shoaliaven 9 12 8

.7. Cudgegong 2 3 3

8. Talbragar 1 1 2

9. Dumaresq 1 1 1

10. Mittagong 2 2 3

11. Canobolas 1 3 3

12. Bingara 1 2 1

13. Warringah 10 8 10

14. Dungog 1 2 2

TOTALS 87 79

.11=

TABLE 5.2.3.3,. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE

Units
Sample Size
Level 1

Sample Size
Level 2

Sample Size
level 3

(Foreman's
uestionnaire

MUNICIPALITIES

1. Rockdale 3 5 16

2. Tamworth 2 9 3

3. Moree 1 0

4. Adhfieli 1 2

5. Tare: 1 0 1

6. Marrickville 2 3

7. Hoiroyd 2 14 4

SHIRES

01. Lake Macquarie 2 3 3

2. Peel 1 2 2

3. Abercrombie 2 3 3

4" n 3 3
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MUNICIPALITIES

1. Singleton
2. Fairfield 5 12 10
3. Drummoyne 2 5 7

4. Quirindi 2 3 3
5. Manly 2 1 2

6. Young 0 1

7. Cooma 1 3 2

8. North Sydney 4 6 5

9. Forbes 2 2

10. Glen Innes 1 0

SHIRES

1. Namoi 2 1 2

2. YarroNlumla 1 0 1

3. Rylstone 2 3 2

4. Tumut 2 2 3
5. Hornsby 7 13 4

6. Shoalqaven 9 12 8

*7. Cudgegong 2 3 3
8. Talbragar 1 1 2

9, Dumaresq
10. Mittagong 2 2 3
11. Canobolas 1 3 3
12. Bingara 1 2
13. Warringah 10 8 10

14. Dungog 1 2 2

TOTALS 61 87 79

TABLE 5.2.3.,. SELECTION OF UNITS FOR CURRICULUM gUESTIONNAIRE,

Units
Sample Size
Level 1

Sample Size
Level 2

Sample Size
Level

(Foreman's
Questionnaire)

MUNICIPALITIES
3
2
1

1

1

2
2

5
9
0
4
0
4

14

16
3
1

2
1

3
4

1. Rockdale
2. Tamworth
3. Moree
4. Auhfieli
5. Tare°
6. Marrickville
7. Holroyd

SHIRES

1. Lake Macquarie 2 3 3

2. Peel 1 2 2

*3. Abercrombie 2 3 3

*4. Darling 2 3 3
*5. Eurobodalla 2 3 3

6. Wade 2 1 3

7. Wollondilly 2 2 3

8. Coolah 2 4 3

9. Ulmarra 1 1 1

10. Gundurimba 2 3 5

11. Jerilderie 1 2 2

TOTALS 18 31 63 61
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TABLE L.Z142. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE

Sample Size
Level 1

Sample Size
Level 2

Sample Size
Level 3
(foreman's
Questionnaire

16

3
1

2

3
4

3
2

3
3
3
3
3
3
1

5
2

MUNICIPALITIES

3
2
1

1

1

2
2

2
1

2
2
2
2
2
2
1

2
1

5
9
0
4
0
4

14

3
2

- 3
3
3
1

2
4
1

3
2

1, Rockdale
2. Tamworth
3. Moree
4. Ashfield
5. Taree
6. Marrickville
7. Holroyd

SHIRES

1, Lake Macquarie
2. Peel

*3. Abercrombie
*4. Darling
'5. Eurobodalla
6. wade
7. Wollondilly
8. Coolah
9. UlmazzA. ____,

10, Gundurimba
11. Jerilderie

TOTALS 18 A 31 63 61
1

'.2.4, CONSULTANTSz.L.S.W. ONLY - STRATUM E4.

As described in chapter 4.2., the elementary sampling units were
grouped into companies which varied in size according to figure 4.2.2.
Since the variance in size of companies was great and has been shown to
effect the job activities of employees (viz. degree of specialization)
this was accounted for in the design by stratification. The following
2 -stage sampling process was used.

tage 1:

Companies were arranged into 3 strata according to size, where
size of cluster was measured by the number of civil engineering staff.
The strata decided upon by inspection of the distribution of companies,
figure 4.2.2., were as follows:

Stratum a: 0 <E400
Stratum b: 10<E450
Stratum c: 50cE4100

A random selection of companies was made from each stratum, by
se7 f:A$.144 n r nrnnetr.ti ran 4- 11 p "



MUNICIPALITIES

1. Rockdale
2. Tamworth
3. Moree
4. Ashfield
5. Taree
6. Marrickville
7. Holroyd

SHIRES

'1. Lake Macquarie
2. Peel
3. Abercrombie
'4. Darling
5. Eurobodalla
6. Wade
7. Wollondilly
8. Coolmh
9. Ulmarra

10. Gundurimba
11, Jerilderie

TOTALS 18

3 5 16
2 9 3
1 0 1

1 4 (..
1

1 0 1

2 4 3
2 14 4

2

2
2
2
2
2
2

2

3 3
2 2
3 3
3 3
3 3
1 3
2 3

3

3 5
2 2

31
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63 61

2.2.4. CONSULTANTS - N.S.W. ONLY - STRATUM E4.

As described in chapter 4.2., the *elementary sampling units weregrouped into companies which varied in size according to figure 4.2.2.
Since the variance in size of companies was great and has been shown to
effect the job activities of employees (viz. degree of specialization)
this was accounted for in the design by stratification. The following2-stage sampling process was used.

Stage 1:

Companies were arranged into 3 strata according to size, where
size of cluster was measured by the number of civil engineering staff.The strata decided upon by inspection of the distribution of companies,figure 4.2.2., were as follows:

Stratum a: O<EC10
Stratum b: 10<E050
Stratum c: 50<E4100

A random selection of companies was made from each stratum, by
selecting proportionately to the number of companies from each stratum
in the population, and allocated to the Task Analysis Questionnaire or
Curriculum Questionnaire in the ratio 4:3. The total number of companiessampled was determined by dividing the required sample sizes in terms of
elementary units by the average number of employees per company for agiven level. The maximum estimate was taken which would allow for the
required sample sizes at each level.
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TABLE 5.2.4.1. SAMPLE SIZES FOR SELECTION OF COMPANIES

No. of
Companies

Weight
No. of
Coys.for
T.A. Quest.

No. of
Coys.for
C. Quest.

Total

Stratum a 83 0,722 11 8 19

Stratum b 25 0.217 3 3 6

Stratum c 7 0.061 1 1 2

TOTAL 115 1.000 15 12 27

The details of the names etc. of the firms of Consultants are
omitted for obvious reasons. After consideration of the three strata
of companies, and the numbers of employees in each company within strata
a random sub-sample of employees, proportional to the number of employees
employed at the two levels - engineer and technician was selected,
(foremen were excluded as they were not part of the population as far
as consulting firms were concerned).

These are shown in the following tables:

TABLE 5.2.4.2. LEVEL 1 - ENGINEERS

Stratum No. of
Employees

Weight T.A. Quest.
Sample Size

C. Quest.
Sample Size

Total

. ,

a 160 0.289 22 16 38
b 195 0.354 27 20 47

c 197 0.357 27 21 48
,

TOTAL 552 1.000 76 57 W .

TABLE 5.2.4.3. LEVEL 2 - TECHNICIANS

Stratum No. of
Employees

Weight T.A. Quest.
Sample Size

C. Quest.
Sample Size

Total

a 156 0.194 18 13 31
b 351 0.437 40 29 69
c 297 0.369 33 26 59

TOTAL 804 1.000 91 68 159

CONTRACTORS t N.:;.W. ONLY - STRATUM E5.

A two - stage, sampling process was used for this stratum similar to
that used for stratum E4, whose structure differed only in size
distribution. The strata, according to size of company, were determined
by inspection of the distribution in figure 4.2.3. and are as follows:



T.A. Quest. C. Quest.

Stratum a 83 0.722 11- 8 19

Stratum b 25 0.217 3 3 6

Stratum c 7 0.061 2

TOTAL 115 1.000 15 12 27

The details of the names etc. of the firms of Consultants are
omitted for obvious reasons. After consideration of the three strata
of companies, and ,the numbers of employees in each company within strata
a random sub-sample of employees, proportional to the number of employees
employed at the two levels - engineer and technician was selected,
(foremen were excluded as they were not part of the population as far
as consulting firms were concerned).

These are shown in the following tables:

TABLE 5.2.4.2. LEVEL 1 . ENGINEERS

Stratum No. of
Employees

Weight

,
T.A. Quest.
Sample Size

C. Quest.
Sample Size

-

Total

.c A

a 160 0.289 22 16 38
b 195 0.354 27 20 47
c 197 0.357 27 21 48

TOTAL 552 ' 76 57 133
TABLE 5.2.4.3. LEVEL 2 - TECHNICIANS

Stratum No. of
Employees

Weight T.A. Quest.
Sample Size

C. Quest.
Sample Size

Total

a 156 0.194 18 13 31

b 351 0.437 4o 29 69
ci 297 0.369

,

33 26 59
.

TOTAL 804 1.000 91 68
.

159

CONTRACTORS N.;;.W. ONLY - STRATUM E5.

A two-stage sampling process was used for this stratum similar to
that used for stratum E4, whosr structure differed only in size
distribution. The strata, according to size of company, were determined
by inspection of the distribution in figure 4.2.3. and are as follows:

Stratum a : OtE420 civil engineering staff
Stratum b : 204E460
Stratum c 604E6140

Since many companies, although large,do not employ large numbers at
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each level it was necessary to take a sample size of fifteen companies
to obtain the desired number from each of the strata - at b, and c,
at eacn level. The ratio of 4:3 for Task Analysis Questionnaire
to Curriculum Queotionz,lire coulu not be exactly maintained and the
fifteen companies were divided into nine and six for the respective
questionnaires.

The following table shows the final distribution.

TABLE 5.2.5.1. SiVAP421 SIZES FOR SELECTION OF CONTRACTORS

c

'Number of Task Analysis Curriculum Total
Companies

Weight
Questionnaire Questionnaire-

Stratum a 26 0.528 5 4 9
Stratum b 10 0.222 2 1 3
Stratum c 9 0.200 2 1 3

4. .

TOTAL 45 1.000 9 6 15

Th: nulabers of employees selected for each of the strata -
a, b, c, at eacn of the three levels - 1.19 L2 & L3 are shown in the
following three tables:

TABLE 5.2.5.2. LEVEL 1 - ENGINEERS

Stratum Total
Employees

Weight Task Analysis
Questionnaire

a 55
b 92

219

TOTALS 366

TABLE 5-2,3'

4

0.15
0.25 13
0.60 30

1.00 50

LEVEL 2 - TECHNICIANS

J

Curriculum
Questionnaire

Total

6 13

9 22
22 52

37 87

Stratum Total !Weight
Employeest

Task Analysis
Questionnaire

Curriculum
Questionnaire

Total

a

b

c

76 0 218
$

82 t 0.235
191 ! 0.547

8

9
21

6
7
15

14
16
36

TOTAL
i

349 1.000 38 28 66
______.
TABLE .2. ".4. LEVEL 3 FOREMEN

Stratum Total $Weight
Employees

Foremen's
Questionnaire

Total



The following table shows the final distribution.

TABLE 5.2.5.1. SAMPLE SIZES FOR SELECTION OF CONTRACTORS

Number of
Companies

Weight
Task Analysis
Questionnaire

Curriculum '"otal

Questionnaire

Stratum a 26 0.528 5 4 9
Stratum b 10 0.222 2 1 3
Stratum c 9 0.200 2 1 3

TOTAL 45 1.000 9 6 15

The nualbers of employees selected for each of the strata -
a, L, & c, at each of the three levels - L1, L2 & L3 are shown in the
following three tables:

TABLE A5.2.5.2. LEVEL 1 - ENGINEERS

Stratum Total Weight I Task Analysis
Employees Questionnaire

a

TOTALS

55 0.15
1 7

92 0.25 13

219 I 0.60
I

30

366
1

1.00 i

i

50

Curriculum
Questionnaire

Total

6 13

22
22 52

37 87

TABLE 5.2.5.3. LEVEL 2 - TECHNICIANS

Stratum Total Weight
Employees!

Task Analysis
Questionnaire

Curriculum
Questionnaire

Total

a 76 0.218 8 6 14

b 82 0.2X7 9 7 16

c 191 0.547 21 15 36

_
,

TOTAL 349 1.000 38 28 66

.ABLE .2.5.4. LEVEL 3 - FOREMEN

Stratum Total Weight Foremen's Total
Employees! Questionnaire

1 113 t 0.159 10 10

2 217 i 0.305 20 20

3 382 I 0.536 34 34

TOTALS 712 1.000 64 64

Again for obvious reasons, details of the actual companies sampled
cannot be given.



p.2.6. GENERAL INDUSTRY - STRATUM E6.

Since the number of companies in general industry employing
civil engineering staff is small, and each company employs only a

small number of staff at the specified levels, no grading of
companies accoraing to size was attempted. Again a 2-stage

sampling process was used, firstly using companies and secondly
employees as the primary sampling unit and a random selection made

without stratification.

In the first place a sample of twelve companies was randomly

selected, which was more than that indicated by the average number

of employees per company, since the distribution of employees over

each level was very uneven. The larger sample size thus ensured
adequate representation at each level.

From the selected companies a further random sample was made

of employees to obtain the required sample size. This resulted in

the following numbers:-

Level 1 - Engineers
Level 2 - Technicians
Level 3 - Foremen

16 Task Analysis Q, 12 Curriculum Q.
14 Task Analysis Q, 11 Curriculum Q.
6 Foreman's Questionnaire.

GENERAL REMARKS

In many cases the spokesman for a company or department

elected for security reasons to randomly distribute questionnaires

to a sample of his employees. This defensive attitude received
some encouragement at that time from references and reports in the

press and on television about the invasion of individual privacy
threatened by the proliferation of data banks. On occasions we

found we had to spend considerable time obtaining permission to
distribute questionnaires, and in some instances an elaborate system

of interviews with organisation heads including legal representatives,

took place before agreement was given to distribute questionnaires

within an organisation.

In cases where organisations did not want to give us a staff

list from which we could select a sample, a simple procedure of
systematic sampling was used by the senior officer of an organisation
whereby if a sample of x is to be chosen from a total list of y

employees at a given level within a given branch, the chance of
selection will be x/y or 1/k for each element. By dividing the list

into intervals of k elementd and selecting a random number in this

interval e.g. 3, every 3rd person may be selected to yield a random

sample of the required size. For example, if it is required to select
sample of 6 Engineers working on Construction in the Department of

Railways from a total of 249 (Sampling fraction = 36)9 the list is
divided into intervals of 4, a random position chosen between 1 and 4,

e.g. 3 and the person occupying every 3rd position in the groups of

4 selected. The persons selected would thus be Nos. 3, 7, 11, 15, 19

and 23.

Tnis procedure also had the advantage of being self correcting

where the overall sampling fraction was known for a strata which was

not being cluster sampled, AA& E2. That is where population figures

may be in error or have fluctuated from the time estimates were made



employees as the primary sampling unit and a mama selection made
without stratification.

In the first place a sample of twelve companies was randomly

selected, which was more than that indicated by the average number

of employees per company, since the distribution of employees over

each level was very uneven. The larger sample size thus ensured

adequate representation at each level.

From the selected companies a further random sample was made

of employees to obtain the required sample size. This resulted in

the following numbers:-

Level 1 - Engineers 16 Task Analysis Q, 12 Curriculum Q.

Level 2 - Technicians 14 Task Analysis Q, 11 Curriculum Q.

Level 3 - Foremen 6 Foreman's questionnaire.

GENERAL REMARKS

In many cases the spokesman for a company or department

elected for security reasons to randomly distribute questionnaires

to a sample of hi3 employees. This defensive attitude received

some encouragement at that time from references and reports in the

press and on television about the invasion of individual privacy

threatened by the proliferation of data banks. On occasions we

found we had to spend considerable time obtaining permission to
distribute questionnaires, and in some instances an elaborate system

of interviews with organisation heads including legal representatives,

took place before agreement was given to distribute questionnaires

within an organisation.

In cases where organisations did not want to give us a staff

list from which we could select a sample, a simple procedure of
systematic sampling was used by the senior officer of an organisation

whereby if a sample of x is to be chosen from a total list of y

employees at a given level within a given branch, the chance of

selection will be x/y or 1/k for each element. By dividing the list

into intervals of k elements and selecting a random number in this

interval e.g. 3, every 3rd person may be selected to yield a random

sample of the required size. For example, if it is required to select

wimple of 6 Engineers working on Construction in the Department of

Railways from.a total of 24, (Sampling fraction ,.- 4), the list is

divided into intervals of 4, a random position chosen between 1 and 4,

e.g. 3 and the person occnpying every 3rd position in the groups of

4 selected. The persons selected would thus be Nos. 3, 7, 11, 15, 19

and 23.

This procedure also had the advantage of being self correcting

where the overall sampling fraction was known for a strata which was

not being cluster sampled gaso E2. That is where population figures

may be in error or have fluctuated from the time estimates were made

to the time of sampling, the correct" sample sizes would automatically

be implemented by using this procedure.

.11
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In generAl this was a time consuming part of the study
but it was considered to be of the utmost importance if a valid
picture of civil enginering was to be established. It would have
been much easier, but we believe of little value, to have
distributed questionnaires en masse to any civil engineers whose
names we could easily obtain and assumed that the response was
typical of the total work force at the three levels.

Finally, it must be kept clearly in mind that although this
sample design sought,- it is hoped with success, to model the
population distribution, the final distribution in terms of actual
responses would inevitably be somewhat different. One could not
assume or hope that the non-response rate would be uniform from
widely differing strata. It was necessary, therefore, when final
estimates of parameters were made to take note of disproportionate
representation from particular strata.

3".



6. INSTRUMENTS, PILOT AND PRE-TEST RUNS, RELIABILITY AND
VALIDITY, METHODOLOGY, AND DISTRIBUTION.

6.1. INSTRUMENTS.

The development of the instrument and its administration
are the focus of a survey study. The choice of technique depends
on the research objectives and the resources available to achieve
them. No situation is ideel and the clash of needs with resources
that arose in this study would certainly not be uncommon. We
believed that a structured interview would best provide the
information we needed, but lack of resources sufficient to cover
the large and scattered 'population' forced us to use the
questionnaire as the best alternative available.

6.1.1. Task Analuilallaimnaire.

The first objective of the research as stated in the research
plan was to carry out an analysis of the tasks performed by civil
engineers and civil engineering technicians. There was no novel
idea in this, job evaluation has been used by industrial organizations
across all industries for many years now and in essence job
evaluation was what was required in this study.

Job evaluation arose primarily to meet the need to determine
equitable differentials between wage rates. However, other benefits
resulted, industrial relations improved, (1. mechanism had been
created whereby it was possible to avoid square pegs being thrust
into round holes, aptitudes could be fitted to tasks, and occupations
could be systematically evaluated and training of applicants thereby
aided.

Since job evaluation aims at fixing rates of pay, determining
remunerations, etc. we were obviously not concerned with job
evaluation in its entirety. The basic step in job evaluation is job
analysis or as we will refer to it - task analysis. Task analysis
is usually only concerned with the way the time performing a job is
split over responsibilities, knowledge and skills. Various other
avenues of approach to task analysis were studied but all lead to this
basic trilogy of characteristics. For a variety of reasons we decided
to treat responsibility separately from the broad task analysis which
left knowledge and skills of various sorts.

The following categories of task were eventually selected:-

Technical matters
Psychomotor skills (later called manual skills).
Economic/Financial matters
Communication/Exchange of Information matters
Management and Personnel matters

Further development was straightforward in that each category
of task was further broken up into a number of relevant activities, or
sub-categories of task, on conventional lines. However, the
classification of tasks in the Technical category was not easy. In
fact, the problems associated with this were representative of the
problems generally associated with task analysis. Ideally one would
like to observe (as in time and motiom study) an engineer or a
draftsman at work. At the outset categorisati-n would be simple
enough, the elements would be large and easily discernible, but a great
deal of work on classification and terminology would be required if
fine definitions were needed.



Prior to a final decision being made on implementation
procedure, a pilot schedule of questions was devised based on
observation on site and discussion with many working engineers and
technicians and tested using the standard face to face interview
procedure. A number of conclusions were reached at the end of this
pilot run, (a) the schedule was too lengthy for face to face interview,
taking an average of just over an hour to administer, (b) the
broad structure and design of the instrument was satisfactory with
the exception of the technical matters section which failed badly.

No taxonomy was available with which to describe the activities
associated with the technical part of civil engineering jobs, yet
it was an important part of the questionnaire, and in addition, no
matter how much we tried otherwise, it was a lengthy and time
consuming part of the questionnaire. To develop such a taxonomy
would moreover, require a very lengthy and expensive program of work.
Much has been written on the need for clarity in defining the elements
of a technician's task and proceeding from this to a definition of
the objectives to be attained in the training of a man for that task.
To do the same with an engineer is more difficult because of the less
precise and unrestricted nature of a professional engineer's role but
nevertheless this was really the objective of the task analysis.
There appeared to be no simple way of splitting up the technical segment
of an engineer's task without reference to the elements in the generally
accepted engineering curricula, but this procedure using conventional
curriculum items seemed basically wrong. However, when the technical
matters section of the questionnaire was re-designed after the poor
results in the pilot run recourse was made to standard curricula
terminology. Despite efforts to the contrary, to be of any value this
section became steadily more complex and time consuming and inevitably
brought us to the point where a face to face interview became impossible.
To avoid the 'hindsight' approach wherever possible, ample space was
left after each section of the task analysis for the inclusion of
additional tasks identified by the respondents who were specifically
encouraged to add new material we had failed to identify and categorise.

Concurrently the collection of data on the 'population' of
civil engineering staff had progressed to a point where a reasonably
accurate determination of the sample size could be carried out. This
sample was larger than anticipated and re-inforced our decision
concerning face to face interviewing. Thus very reluctantly we were
forced to relinquish the idea of face to face interviews with a pre-
determined structure, i.e. schedule of questions, and resort to a
questionnaire administered by post.

At this stage it was agreed that the sample size could and
should be increased to deal both with the larger than expected
'population' and also the reduced response that would be obtained with
a questionnaire sent through the mail.

As mentioned previously it was decided to treat the responsibility
aspect of task analysis as a separate item. This attitude was adopted
because of the problems associated with identifying and quantifying
the elements of responsibility in jobs. The problem was certainly no
easier for civil engineering jobs than other aspects of engineering,
perhaps it was more difficult, since civil engineering may have more than
its share of the various aspects of responsibility.

Some published information was available concerning categories
of responsibility.
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In Canada the Council of Professional Engineers has defined
each level of responsibility by reference to 5 factors:-

i) duties
ii) recommendations, decisions and commitments

iii) supervision received
iv) leadership, authority and/or supervision

received
v) entrance qualifications

A simple hierarchical approach was used by Halden' in his
study of electrical engineers in Sweden.

i) executive managers in companies )100 employees
ii) executive managers of small firms and heeds

of departments
iii) heads of small departments and heads of

divisions in big firms
iv) heads of sections
v) younger engineers

Patton & Littlefield+ in their text on Job Evaluation,
analyse the nature of responsibility and break it up into responsibility
for certain things; e.g. in the case of salaried and clerical staff
responsibility for determining and applying company policy, for money
and materials, for confidential data, and executive responsibility.
Again, when evaluating executive positions, responsibility was broken
up into initiative, accountability, effect on profits, responsibility
for personnel relations, for policy making and policy interpretation.

In the Factor Comparison method, responsibility is defined as -
what is entrusted to him that is valuable to the company and that may
be affected by his decisions and judgements.

In combination approaches and special plans, accountability is
defined as - the requirements of independent responsibility for what
happens. Since results are measured in terms of financial health and
growth, responsibility winds up sooner or later in terms of money.
This phrase - "in terms of money" - seems to be one of the keys in ,

assessing responsibility. Supervision, given and received, also is an
important factor. Safety questions, social responsibility, are also
involved.

Taking into account all these points of view we devised a scheme
for assessing responsibility based on the following factors:-

1. Number and type of staff for which responsible.
2. Incidental expenditure, running expenditure,

cheque signing limit.
3. Capital expenditure limit.
4. Value of plant and equipment for which responsible.
5. Place in organization hierarchy.
c). Responsibility for technical decisions.
7. Connection with policy making.
8. Involvement in policy interpretation.
9. Safety decisions.

10. Social responsibility and legal responsibility.

}leaden, F., "The evolution of the tasks and functions of engineers".
Policy Conference nn H4 4 0v nu, 14f4 4 M p 2,4 11-'4e .
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v) entrance qualifications

A simple hierarchical approach was used by Halden* in his
study of electrical engineers in Sweden.

i) executive managers in companies)100 employees
ii) executive managers of small firms and heads

of departments
iii) heads of small departments and heads of

divisions in big firms
iv) heads of sections
v) younger engineers

Patton & Littlefield+ in their text on Job Evaluation,
analyse the nature of responsibility and break it up into responsibility
for certain things; e.g. in the case of salaried and clerical staff
responsibility for determining and applying company policy, for money
and materials, for confidential data, and executive responsibility.
Again, when evaluating executive positions, responsibility was broken
up into initiative, accountability, effect on profits, responsibility
for personnel relations, for policy making and policy interpretation.

In the Factor Comparison method, responsibility is defined as -
what is entrusted to him that is valuable to the company and that may
be affected by his decisions and judgements.

In combination approaches and special plans, accountability is
defined as - the requirements of independent responsibility for what
happens. 'Since results are measured in terms of financial health and
growth, responsibility winds up sooner or later in terms of money.
This phrase - "in terms of money" - seems to be one of the keys in
assessing responsibility. Supervision, given and received, also is an
important factor. Safety questions, social responsibility, are also
involved.

Taking into account all these poi. s of view we devised a scheme
for assessing responsibility based on the following factors:-

1. Number and type of staff for which responsible.
2. Incidental expenditure, running expenditure,

cheque signing limit.
3. Capital expenditure limit.
4. Value of plant and equipment for which responsible.
5. Place in organization hierarchy.
6. Responsibility for technical decisions.
7. Connection with policy making.
8. Involvement in policy interpretation.
9. Safety decisions.

10. Social responsibility and legal responsibility.

Halden, F., "The evolution of the tasks and functions of engineers".
Policy Conference on Highly Qualified Manpower, Paris 1966. pp. 201-
210. OECD. 1967.

Patton, J.A., Littlefield, C.L. & Self, S.A., "Job Evaluation -
Text and Cases". Richard D.Irwin Inc. Homewmi, Illinois, U.S.A.,1964



In addition, because in any organized job evaluation and
salary grading system responsibility is one of the major factors
considered when placing a salary tag on a job we thought that a

useful check on the scoring system we had devised would be the

salary of a respondent. For the usual reasons the salary
classification we used in the questionnaire was very broad.

make no claims that the .scheme we devised is perfect, in

fact there were obvious defects but it was a serious attempt to

come to grips with the problem of quantifying responsibility in a

job. It was felt from the outset that any attempt at task analysis
should include reference to responsibility.

From this point onwards the effort with the instrument was
aimed at sharpening its composition, and simplifying its format, for
example, the various categories of tasks were sub-divided into
readily understood broad elements, e.g. management was split into
ten sub-categories covering accepted management functions and
personnel functions.

Overall, the Task Analysis Questionnaire followed the generally
accepted pattern of having firstly, a "warming up" page of easy
non-emotional questions, followed by the pages with the more
complicated questions and finishing with a page of questions where
the respondent could express his own views and sentiments.

6.1.2. Curriculum Questionnaire.

After the change from structured interview to mailed
questionnaire it was decided that an opportunity existed to examine
in fine detail the usage of the material taught in one section of
an average civil engineering curriculum. "Design': a common component
in university, C.A.E., and technical college courses, was selected
for study and a questionnaire was prepared in which a curriculum
was broken down into more than 100 elements. This Curriculum
Questionnaire, as it was called, (to differentiate it from the
original Task Analysis Questionnaire) was sent to a part of the
sample which had been originally selected. The N.S.W. Institute of
Technology was directly responsible for the designing of this
questionnaire having as they did specific knowledge of the elements
of a civil engineering design curriculum. The final questionnaire
was produced as a collaborative effort with a group from Sydney
Technical College with the specific interest of measuring the overlap
between the traditional Technical College and C.A.E. curriculum in

design.

6.1.3. Foreman's Questionnaire.

Early in the study the important role played by general
foremen, supervisors and similar people in civil engineering was
perceived, also our definition of a technician referred to
management techniques. It seem important therefore, to bring foremen
into our study of civil engineering. However, the complex nature
of the two main questionnaires precluded their distribution to foremen.
They also did not deal with the question of training in a way that
could be applied to foremen. Consequently a questionnaire was developed
that was simpler to understand, easier to complete and aimed specifically
at foremen. The basis of the distribution was different from that used
for the two main questionnaires, being much smaller in scope, partly
becau3e of the nature of the population, and partly from a wish to not

allocate too much of the total resources to this possibly marginal aspect

of the main study.



6.2. PILOT AND PRE-TEST RUNS.

Reference was made in the section dealing with the Task
Analysil questionnaire (6.1.1.) to a pilot run with the questionnaire
which had been originally developed for use in a face to face
interview. The conclusions reached as a result of carrying out the
pilot run were that the schedule was too lengthy, taking an average
of 4--t over an hour to administer, and the technical matters
section was a failure, although otherwise design was satisfactory.
The reasons for changing over to a mailed questionnaire rather than
conducting interviews were dealt with in 6.1.1. This led to a further
extensive general re-design of the questionnaire which coupled with
a completely re-modelled section dealing with technical matters meant
it was necessary to carry out a further trial run. At the same time
also we intended to carry the operation through to the punch card
stage to test out the procedure for editing and coding the questionnaires
and data.

When conducting surveys a pre-test of the questionnaire is
essential. The pre-test should show not only the adequacy of the
instrument and detect any problem in administration and scoring but also
may serve to demonstrate the reliability and validit of the questionnaire.
The pra-test should resemble as closely as possible what is planned for
the main run.

Three separate pre-tests were involved, each dealing with one of
the three questionnaires. This report deals with those connected with
the Task Analysis Questionnaire and the Foremen's Questionnaire. The
N.S.W. Institute of Technology carried out the pre-test of the
Curriculum Questionnaire and details will be published later.

6.2.1. Task Analysis Questionnaire - Pre-Test.

One aim of this pre-test was to ensure that the data obtained
from the questionnaire in its final form could be placed on computer
cards. In addition the pre-test was an exercise in the procedure
actually to be used in the main run of the survey so that any
administrative problems could be eliminated.

For these reasons as well as ease of access it was decided to
choose one medium, a large sized organization not used in the main
survey which could be approached through the hierarchy.

This was done and agreement reached for distribution of the
questionnaires. No "pep talk" was given because

(1) people involved in the main run would not receive a
"pep talk".

(2) a covering letter was enclosed seeking their co-operation
and explaining the project.

(3) an unbiased estimate of the response rate would be gained.
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The response rate to the questionnaire, obtained without
any form of pressure, was twenty-five percent. This dii not
cause undue worry as it was planned that for the main run means
would be available for "chasing up" outstanding questionnaires
thus increasing the response rate.

The data from the returned questionnaires was closely
examined for apparent difficulties or misinterpretations in the
answering of questions. None being revealed, and no adverse
comments being received from respondents who filled in the
questionnaire, it was decided that it needed no further alterations.

The data from these schedules was then examined for the
best way in which it could be edited for the computer. Although
preliminary lajouts for the editing had been considered before .

the pre-test, it was found that reconsideration had to be given
in certain areas to allow for a wider range of answers than was
at first anticipated. In addition, the open ended questions
could not be categorized until real answers were examined and
suitable categories arrived at. It was envisaged that further
modifications might be necessary after the main run of the
questionnaire as some additional categories might be reported.

Throughout the questionnaire at strategic points "other(specify)"
categories were included. This, however, presented difficulty for
punching as each "other" related to a specific section. On the
basis of the response from the pre-test in which only an occasional
"other" was completed it was decided to leave room in sequence for
the punching of the "other" and its related figures. At this stage
the data was only categorized as "other". Such "other" categories
were then to be rated and punched on a separate card together with
tne respondent's number. All such "other" data could then be computed
separately and it coult. oe determined which and to what extent
,:ertain "elements" had been neglected by the questionnaire. (Later,
when editing the main run, it was found that very little had been
left out.)

For the responsibility rating it was decided that instead
of punching each individual item of responsibility, three responsibility
ratings could be arrived at by assigning predetermined values to
certain answers which could then be summed. Thus, ratings or scores
were obtained for each of the responsibilities for staff, money and
policy.

The scores obtained through the responsibility rating scheme
were also compared, as a measure of validity, with the salary bracket
indicated by the respondent, i.e if there was a great deal of
consistent variation between the two then one of them was not a valid
estimate of responsibility.

The size of the pre-test was too small to indicate the exact
relationlbip between level of responsibility and salary. Some
alterations were made to the original scheme, however, as a result
of the indications provided by the pre-test. These were in the
quantitative values assigned to various items in the scoring system.



6.2.2. Foreman's Questionnaire - Pre-Test.

The basic character of this questionnaire was similar to
that of the main study and was essentially a simplified form.
Various experts with knowledge of foremen's activities who had
expressed interest in the questionnaire suggested modifications
in the wording and content of some of the restructured questions
so that ambiguity would be eliminated and the questions would
become easier to interpret.

The questionnaire was then subjected to a pre-test using a
number of foremen from construction sites. These foremen in all
cases fulfilled our definition of foremen and represented varying
levels of authority and responsibility for work and workers.

Each foreman was interviewed prior to the pre-test and the
nature and purpose of the project was explained to him. It had
been originally intended that a lengthy interview should take place
with each foreman guiding him through the questionnaire and
discussing any difficulties or queries he might have had abowt any
of the questions. This procedure had, however, to be abandoned owing
to the nature of a foreman's job - that he has not sufficient time
to devote to long interviews. In consequence it was found necessary
to ask them to complete the questionnaire in their own time noting
down any comments about the questions and any problems they
encountered. It was anticipated that this method would result in a
critical feedback of information. When the forms were collected
much additional information was obtained.

It was realised before conducting the pre-test for the foreman's
questionnaire that the nature of a foreman's job allows him little
time for filling in forms and a low response rate must be expected
in the main run. To compensate for this low response rate it was
decided that a larger sample of foremen should be taken in order
to achieve a response rate comparable with that of the rest of the
project.

The pre-test resulted in two of the questions from the list
of elements being eliminated owing to ambiguity. Other modifications
also made the questionnaire simpler to complete. After these changes
the questionnaire was then ready for the main run.

Although the procedures for the pre-test differed from those
of the main run it was felt that the effects of these differences
would be minimal. Instead of the explanatory interview an explanatory
letter was included with every questionnaire sent to foremen.

It can also be asked whether differences in conditions between
pre-test and main run will have any appreciable effect on reliability
and validity. The only problem that could arise from this is a slight
difference in reliability - a highly structured interview being
different from a highly structured questionnaire. In this case the
interview was more in the nature of a verbal background to the project
and directive concerning the questionnaire and was comparable therefore
to the covering letter dealing with the same items.



6.3. RELIABILITY AND VALIDITY.

questions of reliability and validity in surveys demand
attention and much has been written on them. Concerning reliability
a general view is that questionnaires are reliable particularly
when the answer alternatives are clearly laid out, as they were,
we hope in the questionnaires used in the present study, and the
respondents report fact as distinct from opinion which might vary with

environmental conditions. No tests were carried out to determine
if a respondent were approachel a second time with one of the questionnaires
whether his answers would have been essentially the same as those he
gave the first time. Our choice was deliberate. The questionnaire
to be of real value was long and required considerable time to
complete. To ask for a group to complete the questionnaire a second
time meant either selecting a favourably disposed group who could
not be considered to be representative (and thus become merely a
formal exercise since reliability is frequently checked this way)
or risking the resentment of a random group to their time being
"wasted" answering the same questions as we had previously asked them.
Subterfuges were considered but were not adopted since we considered
that for a questionnaire of this type, with the mature audience of
highly qualified workers to whom it was administered, no more precise
measure of reliability could be obtained.

When discussing the choice between oral and written verbal

responses Galtung said "the one does not exclude the other" and

later "we can easily muster arguments for a discussion in time,

using the flexibility of the interview method in the beginning of

a project and at the end" "and using the standardisation of

the questionnaire technique in the middle phase for confirmation".

This is broadly what we did in this present study, individual

interviews, group interviews, small and large questionnaires were

all used.

With particular reference to reliability Galtung wrote "In

general it is difficult to say. The interviewer is better trained

to record than the respondent, but the respondent knows himself

what he wants to answer and will get an immediate re-inforcement and

check when he circles or underlines an alternative. Thus, one extra

human and fallible link is cut out, but even more important, we

think, is the visual check provided by the manual operation with the

questionnaire. There is nothing quite corresponding to this in

interviewing. The interviewer may read aloud what he has written,

but this will probably only lead to a lengthy argument, since the

respondent did not possess the answer alternatives in advance as he

does for the questionnaire".

Apart from such areas as open-ended questions (answers) and

free comments which traditionally have low reliability we felt our

decision not to expend valuable funds pursuing the reliability

question in depth in this broad large scale project was a safe one.

We did attempt to improve reliability in one important open-ended

question dealing with deficiencies in training (last part of Task
Analysis Questionnaire) by posing the same question in more than one

way.

Galtung, J., "Theory and Methods of Social Research"

George Allen and Unwin, London, 1967. p.118.



Hosever, questions of reliability are also questions of
reproducibility and these latter have been borne in mind concerning
possible errors in the translation of data from the questionnaires
to the punk;: cards and also in the analysis of the data, where
frequent checks took place both of the computer print-outs, and the
computations used in the final presentation of the data.

To minimise error in the transference of data random checks
at a rate of one in five were made on all edited questionnaires
at the lay-out sheet stage. Punched cards were all verified. Sets
of puncned cards were thoroughly examined to establish that each
subject (respondent) had the correct number of data cards, and that
each subject who completed a questionnaire was represented by a set
of data cards. In addition cards were listed thereby making it
possible to establish whether residual errors existed in cards. Much
of the checking was done by the authors who were awae of many
instances cited in the literature where extensive and carefully
designed systematic plans were thwarted by poor recording by junior
assistants.* In all we took as much care as possible to establish
a pure bank of data.

Oveyall we claim reliability is high.

'Ne believe that problems of content of validity were minimised
in our study as a result of the extensive interviewing phase at the
start of the project when the team members spoke to many people at
all levels in civil engineering about the project, what its aims were,
and what benefits it was hoped it would 'lave. Thee also collected as
much verified information as possible on real civil engineering practice.

Concerning the validity of the questionnaire as an accurate
and valid means of collecting information it is difficult to resolve
the problem of standardisation and flexibility. Galtung wrote "The
literature seems to favour questionnaires for many reasons, but the
authors do n., agree between themselves. Thus there is argument to
the effect that the flexibility provided by the interviewing permits
more refinement, more resources and thus more validity and there is
the argument that the skilled interviewer will have a number of
soothing techniques for the embarrassing question that can never be
quite imitated in the questionnaire. We are inclined to say that
'it depends' but that in general questionnaires seem to be more valid".

We hoped that problems of validity were minimised in our
study as a result of the extensive interviewing phase at the start
of the project when the team members spoke to many people in civil
engineering about the project, what its aims were, what benefits it
was hoped it would have, and so on.

An opportuniLy did, however, present itself during the study
to gain some appreciation of the reliability and validity of the
Task Analysis Questionnaire, particularly that section dealing with
the Broad Task Adalysis over a fixed period of working time i.e. a
fortnight.

Halfway through the data processing operation some
information in tabulated form was prepared for presentation to two
discussion groups. It was based on data P.om 191 respondents. At
the end of the data processing phase we had the same tabulated information
from 318 respondents. One pair only of several similar sets of
results at the two tiie intervals are given in Table 6.3.1.
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Overall we claim reliability is high.

We believe that problems of content of validity were minimised
in our study as a result of tn. extensive interviewing phase at the
start of the project when the team members spoke to many people at
all levels in civil engineering about the project, what its aims were,
and what benefits it was hoped it would have. They also collected as
much verified information as possible on real civil engineering practice.

Concerning the validity of the questionnaire as an accurate
and valid means of collecting information it is difficult to resolve
the problem of standardisation and flexibility. Galtung wrote "The
literature s'ems to favour questionnaires for many reasons, but the
authors do not agree between themselves. Thus there is argument to
the effect that the flexibility provided by the interviewing permits
more refinement, more resources ani thus more validity and there is
the argument that the skilled interviewer will have a number of
soothing techniques for the embarrassing question that can never be
quite imitated in the questionnaire. We are inclined to say that
'it depends' but that in general questionnaires seem to be more valid".

We hoped that problems of validity were minimised in our
study as a result of the extensive interviewing phase at the start
of the project when the team members spoke to many people in civil
engineering about the project, what its aims were, what benefits it
was hoped it would have, and so on.

An opportunity did, however, present itself during the study
to gain some appreciation of the reliability and validity of the
Task Analysis Questionnaire, particularly that section dealing with
the Broad Task Analysis o'er a fixed period of working time i.e. a
fortnight.

Halfv..y through the data processing operatic- some
information in tabulated form was prepared for presentation to two
discussion groups. It was based on 4.ta from 191 respondents. At
the end of the data processing pin._ we had the same tabulated information
from 318 respondents. One pair only of several similar se4s of
results at the two time intervals are given in Table 6.3.1.

Grubman, Hulda, "Evaluation act.iyities of curriculum pi-jects"
AERA monograph series on curriculum evaluation. No.2. pp. 48-50.
Rand, McNally, U.S.A., 1968.
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TABLE 6.3.1. BROAD TASK ANALYSIS - ENGINEERS AND TECHNICIANS.

a) n = 191, Engineers 121, Technicians 70.

CATEGORY OF TASK Eng's % Tech's %

Technical matters 33 33

Manual skills 8 35

Economic/Financial matters 14 8

,:ommunication matters 12 12

Management/Personnel matters 18 9

Other (e.g. legal) 3 1

Other - general 1 1

Rounding off 'error' 1 1

b) n = 318, Engineers 195t Technicians 123.

CATEGORY OF TASK Eng's % Tech's %

Technical matters 33 33

Manual skills 9 41

Economic /Financial matters 15 7

Communication matters 22 10

Management/Personnel matters 18 7

Other (e.g. legal) 2 1

Rounding off 'error' 1 1

Other similar pairs of tables agreed as closely. This
supported our belief that our data collecting process had good
reliability and was valid.
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6.4. METHODOLOGY AND DISTRIBUTION.

The manner in which questionnaires eventually reached
the civil engineers and technicians in the groups of employers
differed somewhat for each group but the guiding principle adopted
was that as far as we could achieve it the selected numbers of
engineers and technicians would receive the questionnaire kits.

To do this we had in many cases to obtain permission from the
heads of the various Commonwealth, State and Local Government
bodies, Consulting firms, Contractors, and other companies.
Notes about the procedures adopted for each of the strata of the
population are given below.

6.4.1. State Government Departments.

These were approached at first by phone and then by
personal interview with a view to explaining to heads of Civil
Engineering Divisions or other senior administrators the nature
and aim of the project and to gain their co-operation for the
selection of the sample. Their co-operation was necessary to obtain
the names of staff, and also for ease of distribution and collection.
Most departments preferred for reasons of staff security (discussed
earlier) to distribute the questionnaire to the sample chosen by
the research team or to the sample they had selected under direction
of the research team; and in some cases agreed to collect them and
notify us when they had been completed. However, in some cases
they were unwilling to supply the names of the people selected
which presented a problem because names were necessary so that
follow-up procedures could be used if necessary. To all departments
it was stressed that employees should not be directed to complete
the questionnaire, each individual must elect to assist witb the
research, theirs was the choice to make.

Each potential respondent was given a questionnaire, a return
addressed envelope and a covering letter. explaining the nature of

the project, which also requested his co-operation by completing
the questionnaire.

(.4.2. Commonwealth Government Departments.

Here the procedure followed for State Government Departments
was largely used. The major difference being that it was the Sydney
Brancnez of the departments that were contacted and these largely

by.phone - requesting their co-operation and explaining the nature

of the project. The departments were asked for names of employees
so that a sample could be selected. Questionnaires were then sent
by post to the relevant departments for distribution - each
questiennaire being personally addressed (where names had actually

been given).

These questionnaires were accompanied by the same explanatory
materiel as the State Government questionnaires. Respondents could
meril the questionnaires direct to the project, or, if agreed to by
the department head, return them to him for forwarding to us.

For both Commonwealth and State Government Departments more
trean one type of questionnaire was distributed. The engineer and
technician staff for the sample were divided into two groups, 4/7

to be given the Task Analysis Questionnaire and 3/7 the Curriculum

Questiennaire. The subjects for each section were selected randomly.
A sample of foremen was also taken to whom the foreman's questionnaire

was given.
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6.4.3. Consultants.

The approach taken for consultants differed somewhat from

that taken for State and Commonwealth Governments. The principals

of each concern were approached by telephone firstly to determine

the numbers and type of civil engineering staff employed and secondly

to seek their co-operation for the main run and to explain the project

in detail. The questionnaires were then, in most cases, delivered

personally and the details of distribution discussed. Again it was

stated that no pressure should be placed on respondents. In most

cases no names were given which meant that follow-up was difficult.

6.4.4. Contractors.

Contractors had in many cases been contacted by mail early

in the study to obtain information on the number of civil engineering

staff employed. After the sample of companies liad been selected
further approaches by telephone were made to gelin the support of the

managers for the distribution of the questionnaires. In most cases

names of individuals were not given and the company was left to
select its own sample according to the directions provided.
Questionnaires were then mailed to the companies.

For consultants and cor.tractors questionnaires were again

of the three types - Task Analysis, Curriculum and Foreman's

Questionnaire. However, no one organization received all three.
Companies were selected randomly as to which would receive Task

Analysis and which Curriculum Questionnaires. Foreman's Questionnaires

went only to those companies receiving Task Analysis Questionnaires.
This was done to simplify administration and distribution of the

questionnaires.

6.4.5. Local Government.

This stratum of the sample received a treatment totally

postal in nature. Letters were first sent to a random sample of

local governments requesting the numbers of civil engineering staff

in specific categories. A number of councils were then randomly
dropped owing to the numbers of civil engineering staff exceeding

the required sample size. The remaining councils were then divided
in the proportion 3/7 and 4/7 for Curriculum and Task Analysis

respectively. The councils were contacted again requesting their

help in distributing the questionnaires to specific numbers and

categories. Specific instructions were given as to the manner of

distribution. Records of the questionnaires (all numbered) were
kept, and also which were to go to engineers, which to technicians,

and which to foremen. These questionnaires were bundled and clearly
libelled and sent together with the letter to the council clerk
for distribution. Councils selected for both Curriculum and Task
Analysis received Foreman's Questionnaires. The larger number of
Foreman's Questionnaires distributed to Local Government was in
anticipation of an expected low response rate for foremen generally.

The sampling method for Local Government was based upon the

numbers of councils and not upon the population of civil engineering
staff - all civil engineering staff being used in each selected

council. This method was chosen for Local Government owing to the

lack of explicit data as to the distribution of engineers, technicians,

and foremen in local government.
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6.4.6. General Industry.

A large range of industries were initially approached
to determine whether civil engineering staff were employed. A

small number of industries in a limited range of activities were
found to employ civil engineering staff. These companies were
subjected to random selection and the sample so picked divided
3/7 and 4/7 for Curriculum and Task Analysis Questionnaires and
the required numbers of respondents determined for the sample.
These companies were again approached for their co-operation.
Due to the limited numbers in general industry, foremen were
chosen from both 'curriculum' and 'task analysis' companies to
give a fuller picture of a foreman's job in general industry.

Much of the data on staff was gathered from Head Offices
interstate, and it was found upon contact with local branches
that the figures given by Head Office for N.S.W. were often
innaccurate, thus disturbing the calculated numbers for the sampll.
This was overcome by taking more from those companies with a
numerically larger civil engineering staff.

The managers of these companies were contacted again
to seek their co-operation in distribution of the questionnaires.
Further letters were written enclosing detailed instructions for
the distribution of particular questionnaires according to
number, questionnaires were bundled, clearly labelled and posted
to the relevant person. Again there was no real means of follow-
up as names were not supplied although the distributing letter
requested that such a list of names be forwarded to us after
distribution.

6.4.7. General Comments.

As can be seen the overall procedure for each stratum of
employers was the same although specific methods varied. Each
otretum of employers had different coloured questionnaires to
facilitate distribution and ease of grouping returns. Questionnaires
were individually numbered for easy reference and punching. Each
questionnaire was accompanied by a covering letter as already
described, and addressed reply (non-stampeC envelope.

It was decided before actual distribution commenced that a
minimum response of twenty-five percent must be obtained despite
the size of the questionnaire and that follow-up procedures would
probably need to be employed. The nature of these would relate to
the procedure used for disseminating the questionnaires and would
consist either of individual letters or approaches to the people
concerned in organisations with distribution of the questionnaires.

Some government departments in addition to requesting that
it be specified that questionnaires be completed in the staff member's
time also requested that a return time limit be placed upon the
completion of the questionnaire. These were largely departments who
had offered to collect all returns and keep them for collection.

We held reservations about the likelihood of obtaining a
twenty-five percent response rate for the foremen because of all the
difficulties already mentioned. However, the population was
hcmogeneous, and the study with foremen had a lower priority. These
combined led us to adopt a less rigorous approach to a minimum
standard of response.

V.



7. RESPONSE EDITING PREPARATION OF DATA AND DATA PROCESSING

al. I._JL.......PONSE.

The response to the Task Analysis Questionnaire was fairly
even both across employers and within individual groups of employers.
Soe departures in detail frow the sample design did occur and these
are discussed in the next Chapter, in 8.1.1. The overall response
was slightly higher than 43 percent, i.e. total response against
questionnaires effectively distributed. The number of completed
questionnaires returned as a percentage of designed sample size was
41 percent.

The response to the Curriculum Analysis Questionnaire was
slightly lower at an overall 37 percent and was especially low for
the contractor group of employers. This was perhaps understandable
as the relevance of "design" to this group was marginal. In fact,
the group was almost excluded at one stage of the sample selection.
The number of completed questionnaires returned as a percentage of
designed sample size was 32 percent.

The response to the Foreman's Questionnaire was the lowest at
about 21 percent but bearing in mind the difficulties that many
foremen have, e.g. the immedi*te urgency of the job to keep it moving,
and rudimentary office facilities in which to complete the
quet4ionnaire, this low figure was perhaps understandable and
commendable. An examination of the response to the Foreman's
Questionnaire showed the best response from State Government employees,
followed by Commonwealth Government, Local Government, anti Construction
company employees in descending order.

The details of the response are given in tLe following table,
7.1.1.
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7.2. EDIEING AND PREPARATION OF DATA.

Questionnaires were edited and coded to a pre-determined
Classification of answers to the open-ended questions in the Task
Analysis Questionnaire presented no great problems although the
possible answers to one small group of questions was fairly extensive.
Editing and coding the returned questions was therecore a simple job,
albeit a very time consuming one. The volume of information was
large and 13 punch cards were required for each Task Analysis
Questionnaire, ten for each Curriculum Questionnaire and five for
each Foremam's Questionnaire.

The answers were first transferred in code form to puL'Ih card
layout sheets. As mentioned in the previous chapter a randomly
selected 20 percent of these sheets were then re-checked completely.
Errors at this stage were low, averaging slightly less than 0.1 per
cent. Some defects in classification and/or coding were detected
as the work of examining the data progressed and all layout sheets
were modified to eliminate these. These defects were connected with
specific items such as the responsibility rating.

Cards were punched and verified by the punch card machine
system in the computer facility at Macquarie University. As the
cards were returned they were examined to establish that each
respondent had the correct number of cards, and that each respondent
who had completed a questionnaire was represented by a set of data
cards. Cards were computer listed to determine if errors in cards,
traceable to editing, existed, or any other errors could be detected.
Every effort was made to establish a pure bank of data.

7.3. DATA PROCESSING.

Some initial processing of the data was carried out on the
IBM 1460 equipment at Macquarie, but most of the work made use of
the services of the Compunet organization and their Univac 1108
equipment.

A problem with a survey of this natLgre is deciding what the
approach to processing the data will be. Some broad decisions were
taken early on to the effect that the data from the Curriculum
Questionnaire would be examined and processed by the N.S.W. Institute
of Tet inology. The editing of Curriculum questionnaires and the
prepal Lion of punched cards were carried out by the project team
at Macquarie but the data cards and other information were transferred
to the Institute for processing there since the questionnaire had
been designed by the staff of the Institute and they were therefore
in the best position to analyse the data. This particular analysis
will be reported separately in Volume II of this report later this
year. It was decided that the Task Analysis Questionnaire data and
the Foreman's Questionnaire data would be analysed by the project
team at Macquarie.

In the approach to data processing there is often perhaps a
tendency to think that a programme package exists which when placed
with the data cards in the computer will produce all the important
information and tables needed. Thus the possibility that any important
correlation would be missed or that any null hypothesis would fail
to be rejected at acceptable confidence levels, would be eliminated.
We spent some time examining this approach but a number of factors
became apparent in this present study. We did nipt readily come across
a suitable programme package, that is not to say\one doesn't exist.
In the Task Analysis Questionnaire date bank, abdut 250.000 bits of



Questionnaires were edited and coded to a pre-determined plan.
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large and 13 punch cards were required for each Task Analysis
Questionnaire, ten for each Curriculum Questionnaire and five for
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equipment.

A problem with a survey of this nature is deciding what the
approach to processing the data will be. Some broad decisions were
taken early on to the effect that the data from the Curriculum
Questionnaire would be examined and processed by the N.S.W. Institute
of Technology. The editing of Curriculum Questionnaires and the
preparation of punched cards were carried out by the project team
at Macquarie but the data cards and other information were transferred
to the Institute for processing there since the questionnaire had
been designed by the staff of the Institute and they were therefore
in the best position to analyse the data. This particular analysis
will be reported separately in Volume II of this report later this
year. It was decided that the Task Analysis Questionnaire data and
the Foreman's Questionnaire data would be analysed by the project
team at Macquarie.

In the approach to data processing there is often perhaps a
tendency to think that a programme package exists which when placed
with the data cards in the computer will produce all the important
information and tables needed. Thus the posai'aility that any important
correlation would be missed or that any null hypothesis would fail
to be rejected at acceptable confidence levels, would be eliminated.
We spent some time examining this approach but a number. of factors
became apparent in this present study. We died not readily come across
a suitable programme package, that is not to say one doesn't exist.
In the Task Analysis Questionnaire data bank, about 250,CDO bits of



information existed, i.e. about 750 bits per subject of which

six or seven at the most could be called independent variables, and the

remaining 740 or so were dependent. The possibilities flr interaction
were therefore astronomical in number. The facilities treat existed
for assistance with programming at Macquarie, small as we knew they

were, virtually became non-existent, particularly in 1973 when
student enrolments in the computer courses and computer dependent

courses markedly increased. The computer laboratory also suffered
staffing problems in 1972 and 1973. In total these latter difficulties
meant we were thrown on our own resources if we wanted programming
assistance. We never contemplated at any stage on getting deeply
involved in writing programmes, that is not to say we could not,
but rather that no resources were allocated or available for

extensive effort in the field of sophisticated programme writing.

In view of this a simple approach to data processing was
adopted. It was not until near the end of the present part of the
study that data was streamed onto magnetic tape and disc (two separate
files, one at Macquarie University and one at N.S.W. Instituti of
Technology) with a view to using more sophisticated overall programmes,
e.g. McQuitty's cluster analysis method, modified by the School of
Behavioural Sciences, Macquarie, or more intricate searches and
classifications of the data of the sort used throughout the processing.

Thus our first approach to processing the data from the Task
Analysis questionnaires and the Foreman's questionnaires was based
on devising the most powerful analytical tools (ideas), on using the
card sorting machine and manual sorting methods, on developing a very
simple programme providing percentages and frequencies for certain
questic,ns. on using the computer to provide simple percentages and
frequencies for hand or machine selected sub-decks of data cards, on
using electronic calculators to carry out other complex calculations

and so on.

All those steps we could take away from the computer facility

we took away. Computers are excellent tools but on occasions it is
quicker to utilise the card sorting machine before, and a calculating
machine after some simple data processing on the computer than spend
considerable time developing or modifying a programme, removing all
the defects from it, and then using it.

The question of statistical treatment of the results of data
analysis was frequently discussed during the study. The approach
to defining the population in the study and the selection of the
sample was as rigorous as we could make so that we would be free ".:o

use the tools of statistical mathematics later in the study if we so
wanted.

As the examination of the data developed no pressing need to use
statistical mathematics arose. Gross differences were readily
detectable, and in considerable number, we never got as far as examining
small differences and dsttermining their significance. The raw data
is included in Appendices to this report for readers to examine and
re-interpret as they wish.
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8.1. TASK 4 NAL7.71S

8.1.1. Examination of the data

The design of the survey schedule, or task analysis question-
naire as it came to oe called daring the study, was discussed in
Chapter Six. Tne :lest part of the questionnaire, labelled
"individual c.ata seec" oasis information from each subject
about what type of work no din, where he worked, his job title and
level in the otgaaizatioa, age, education etc.

The collected data concerning this section has been examined
in a number of ways, firstly to determine if the respondents as a
group appeared unusual in any way, for example were predominantly
under twenty-five years of age, or mainly possessed diplomas and also
to see if the response in detail matched the design of the sample.
The tabulated data are presented in Appendix 1.

Examination of the tables has not suggested the group of
respondents is atypical in any way. Also the match between the
broad sample design for ;.he 'rasa Analysis questionnaire and the
response is good. Overall, however, the number of technicians in
the final sample instead of being about equal to the number of
engineers is less taan latter (130 technicians and 201 engineers),
and was causes by a reduced response from design technicians (drafts-
men) and also by tecnaicians engaged in construction activities.
Fortunately, however, the ratio in the response (ca. 5:1) agrees
well with the ratio in the population. One other area of mis-match
concerns the Local Goverameat sec :ion of the sample. When the
details of tnis section of the sample were worked out we feared the
response would be poor because of the wide physical dispersi.on of
the population, and the great range of size of the employing munici-
palities and shire council;:. To counteract this the sample was
increased relative to the samples from other sections of the total
population. However our fears were not realised and the response
was good. Therefore, relative to the response from other sections
of population in the overall sample the response for Local Government
is greater. This sub - group was not reduced by random sampling to
give the correct weigt aowever, since inspection of the responses
showed clearly that these are the "general practitioners" of civil
engineering and have a profile of activities which is average compared
with those employed in State Government Departments, by Consultants
and by Contractors. Furtheraore, as the study developed it appeared
that type of employer would be a less powerful analytical tool than
type of work. ig this respect respondents from the Local Government
sector would have opted for one or other of the type of work categories
in their replies, as aid other respondents, even if their work tended
to be more of a mixture of activities tnan respondents from other
categorie3 of employer. In all therefore we assumed the effect of
over representation of Local Government employees in the response
would be minimal.

One final point concerned General Industry, a minor sector o4'
the population, from which tie response was poor. Because of its
unimportance as ah employer of civil engineers, the low response rate
And of our limited interest in type of employer as an analytical tool,
very little reference to General _ndust.y occurs in this report.

The Questionnaire consisted of a number of APittiAnm



The design of the survey schedule, or task analysis question-
naire as it came to oe called during the study, was disc Assed in
Chapter Six. The first part of the questionnaire, labeled
"individual data sheet" sought basic information from each subject
about what type of work he did, where he worked, his job title and
level in the organization, age, education etc.

The collected data concerning this section has been examined
in a number of ways, firstly to determine if the respondents as a
groLp appeared unusual in any way, for example were predominantly
under twenty-five years of age, or mainly possessed diplomas and also
to see if the response in detail matched the design of the sample.
The tabulated data are presented in Appendix 1.

Examination of the tables has not suggested the group of
respondents is atypical in any way. Also the match between the
broad sample design for ale Tasi.. Analysis questionnaire and the
response is good. Overall, now ever, the number of technicians in
the final sample instead of being about equal to the number of
engineers is lest: than :.he latter (130 technicians and 201 engineers),
and was causeu by a reduced test arse from design technicians (drafts-
men) and also by technicians engaged in construction activities.
Fortuna'-ely, however, the ratio in the response (ca. .:1) agrees
well with the ratio in the population. One other area of mis-match
concerns the Local Government Faction of the sample. When the
details of tnis section of the sample were worked out we feared the
response would be poor because of the wide physical dispersion of
the population, and the g:eat range of size of the employing munici-
palities and shire councils. To counteract this the sample was
increased relative to the samples from other sections of the total
population. However our fears were not realised and the response
was good. Theref,,re, relative to the response from other sections
of population in the overall sample the response for Local Government
is greater. Tk'i sub-Graup was Lot reduced by random sampling to
give the correct weigt nowever, since inspection of the responses
showed clearly that these are the "general practitioners" of civil
engineering and have a -profile of activities which is average compared
with those employed in S-GaLe Government Departments, by Consultants
and by Contractors. Furti:Aerwore, as the study developed it appeared
that type of employer would be a less powerful analytical tool than
type of work. In thi:; respect respondents from the Local Government
sector would have optea for one or other of the type of work categories
in their replies, as aid other respondents, even if their work tended
to be more of a mixture of activities tnan respondents from other
categories of employer. In all therefore we assumed the effect of
over rr*repentation of Local Government employees in the response
would be minimal.

One final point concerned General Industry, a minor sector of
the population, from which response was poor. Because of its
unimportance as an employer of civil engineers, the low response rate
and of our limited interest in type of employer as an analytical tool,
very little reference to General Industry occurs in this report.

The questionnaire consisted of a number of sections, viz:

(a) Broad Task Analysis
(b) Sub - categories of task-analysis
(c) Technical matters - usage
(d) Training analysis
(e) Open-ended questions on deficiencies in training etc.



The data concerned with these sections are presented in
Appendices 2-8 with the exception of the Broad Task Analysis, part
of the data for which is presented in this chapter.

The analytical approach to all the data was, in the first
instance, unsophisticated.

The first analysis was a comparison of the data for engineers
with that for technicians. Some discussion took place on what
determined whether a respondent was an engineer or technician.

The basis used in this study for sorting respondents into one
category or the other took into consideration the title of the job the
respondent held and his position in the hierarchy as shown by the
outline organisation chart, that is the job don* was the criterion
not whether the occupant was qualified to become a member of a
professional organisation. This avoided the error of classifying
some as engineers even though they were employed as technicians, and
others as technicians even though they were employed as engineers.
Four sub-levels of engineers and three of technicians were allowed
for in coding. These are seldom referred to in the report, one
exception being Table A.1.10, Appendix 1. In general the number of
levels was reduced to two - engineer and technician.

At a later stage of the study we sought the views of two
authoratative panels, one of "professional" engineers, and one of
technicians, in civil engineering, on what characterized an engineer's
work on the one hand, and a technician's work on the other. The
opinions we obtained did not provide a hard and fast line of demarca-

tion between the two levels. Theoretically one ought to be able to
define an engineer's Lob as having a certain mix of skills and know-
ledge and a technician's job another mix, but in doing this one
immediately becomes involved in the detailed examination of potential

and utilising skills. We did not feel competent to evaluate
theoretical combinations and classify one combination as engineer
type and another as technician type, and we were unable to obtain
guidance in anything like general terms or educational attainments.
We felt more competent to look at a man's position in an organisation
and say a respondent was employed either as an engineer or a technician.
This pragmatic approach was used throughout.

Certainly there is overlap at the coundary between what an
engineer does and a technician does, but overlap occurs at any of
the other boundaries that exist, e.g. between non-management and
manage!r,,nt, junior management and senior management, draftsman and
chief draftsman and sr on. Nevertheless the boundaries can be
delineated.

As mentioned earlier, work classification turned out to be a
powerful analytical tool. In order to cope with the data this
clar;:;ification was reduced to three (c.f. six depicted in model -
chapter four). These three classifications were: -

(a) design
(b) construction
(c) other work

For the purposes of the analysis some combination classifica-
tdon5 used in coding and editing, e.g. cmstruction and maintenance
were included with the overall construction classification - (b) above.
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TABLE 8.1.3. TASK ANALYSIS BY VARIOUS EMPLOYERS

n = 303; Consultants 71

Contractors 36

State Government 113

Local Government 83

CATEGORY OF TASK CONSULTANTS CONTRACTORS
STATE
GOVT.

LOCAL 1

GOVT.

Technical matters 35 31 34 29

Manual skills 33 7 22 20

Economic/Financial matters 7 23 10 12

Communication matters 13 19 18 18

Management /Personnel matters 10 17 12 17

Other (e.g. legal) 1 2 4 4

Rounding off 'error' 1 1 0 0

In the next table - 8.1.4" the time allocated to the

categories of task has been analyzed with respect to the ages of the

engineers and technicians.

st. 51 ze) -



TP LE 8.1.4.

n = 318;

ENGINEERS

TASK ANALYSIS BY AGE

Engineers
t

Technicians

20.30 yrs. 78
31-40 yrs. 60
41 & over 57
20-30 yrs. 84
31 & over 39

CATEGORY OF TASK 20-30 yrs. 31-40 yrs. 41 & over

Technical matters 32 35 32

Manual skills 11 7 8

Economic/financial 16 13 16

Communication 23 23 20

Management/Personnel 16 18 21

Other, e.g. legal 2 4 3

Rounding off 'error' 0 -- 0 0

TECHNICIANS 20-30 yrs. 31 & over

Technical matters 34 41

Manual skilla 44 24

Economic/financial 5 7

Communication 8 16

Management/Personnel 6 9

Other, e.g. legal 2 2

Rounding off 'error' I 1

Many observations can be made about the results presented

in the previous tables, and the nature of the task profiles which

have .merged. Apart from the relative percentage time allocations

to the varicuu categories of activity, which of themselves are of

great interest, the major observations perhaps are: -

(a) Engineers engaged in design have a different work

profile from engineers engaged in construction, and

engineers on other work. This differs by being

concerned more with technical matters and less with
economic/financial, and management matters.

(b) The time spent on non-technical and non-manual skills
s, 1 P a. 4%



£4 6: 1 10 11

ENGINEERS

It 31.40 yrs, 60
It 41 & over 57

Technicians 20.30 yrs. 81+

it 31 & over 39

CATEGORY OF TASK

Technical matters

Manual skills

Economic/financial

Communication

Management/Personnel

Other, r.g. legal

Rounding off 'error'

0.1

20-30 y)-.

32

11

16

23

16

2

0

31,40 yrs. 41 & over

35 32

7 8

13 16

23 20

18 21

4 3

0 0

TECHNICIANS

Technical matters

Manual skills

Economic/financial

Communication

Management/Personnel

Other, e.g. legal

Rounding off 'error'

20-30 yrs.

34

44

5

8

6

2

1

31 & over

41

24

7

16

9

2

1

Many observations can be made about the results presented

in provious tables, and the nature of the task profiles which

halm r.merged. Apart from the relative percentage time allocations

to the various categories of activity, which of themselves are of

great interest, the major observations perhaps are: -

(a) Engineers engageot in design have a different work

profile from engineers engaged in construction, and

engineers on other work. This differs by being

concerned more with technical matters and less with

economic /financial, and management matters.

(b) The time spent on non -technical and non-manual skills

activities is 64 per cent and 46 per cent for engineers

in construction, and engineers in design respectively.

Most of this is concerned with communication matters and

management matters, but economic/financial matters occupy

much time also.
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(c) The work of technicians when compared with engineers
appears to be more concerned with technical matters
and manual skills.

(d) The work of either engineers or technicians does not
appear to change much with age, although there is a
suggestion that there might be small changes in a
technician's work as he gets older.

Data concerning the frequency of use of the various categories of
rank are presented in Appendix 2. The pattern of frequency of
use follows the pattern of time allocation to the various tasks.

8.1.3. Sub-categories of Task (excluding Technical Matters)

Each category of task viz:- technical matters, manu,, 7kills,
economic/financial matters, communication/exchange of inform Lon

matters, and management and personnel matters was composed of a
number of individual items. These items, or sub-categories of task
were detailed on pages 7 and 8 of the questionnaire and inf: mation
about the allocation of time to these tasks, the frequency of use,
and their importance was sought, similar in nature to that sought
about the broad categories of task. Respondents who had indicated
nil use of a category of task in the broad task analysis did not
complete the section concerned with the sub-categories of that task,

for obvious reasons. Thus the information on these sub-categories
refers only to those people who used the broad category at some time

in their daily work.

The results obtained for the categories of task are detailed
in Appendices 3-6 as follows:-

Manual skills - Appendix 3
Economic-financial matters - Appendix 4

Communication/exchange of information - Appendix 5
Management and Personnel matters - Appendix 6

It is not proposed to discuss these results in detail but
attention can be drawn to some of the main features

(a) Manual skills: The various manual skills were all used, but
the extent to which they were each used depended on the nature

of the work. This applied to engineers as well as technicians.
Thus drafting dominated in design work, and clearly drafting is

the major manual skill used in civil engineering. Much time

was also spent generally using survey instruments, but techni-
cians in construction work and other work spent more time using
laboratory apparatus than on surveying. The 'other' category
included such skills as driving vehicle.

(b) Economic/financial matters: Here again one particuler item
dominated, this was "costing of, and costs of projects". The
item covered both the estimating aspect of projects and the
attention to cost details during the execution of the project.
Neither type of work nor level of employment altered the picture

a great deal. For those respondents who were involved in this
task, and most were, the financial cost aspects of civil engineer-
ing works were of great importance and regularly in use.
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appear to change much with age, although there is a
suggestion that there might be small changes in a
technician's work as he gets older.

Data concerning the frequency of use of the various categories of

rank are presented in Appendix 2. The pattern of frequency of
use follows the pattern of time allocation to the various tasks.

8.1.3. Sub-cate ories of Technical Matters)

Each category of task viz:- technical matters, manual skills,
economic/financial matters, communication/exchange of information
matters, and management and personnel matters was composed of a

number of individual items. These items, or sub-categories of task
were detailed on pages 7 aril 8 of the questionnaire and information
about the allocation of time to these tasks, the frequency of use,

and their importance was sought, similar in nature to that sought

about the broad categories of task. Respondents who had indicated
nil use of a category of task in the broad task analysis did not
complete the section concerned with the sub-categories of that task,
for obvious reasons. Thus the information on these sub-categories
refers only to those people who used the broad category at some time

in their daily work.

The results obtained for the categories of task are detailed
in Appendices 3-6 as follows:-

Manual skills - Appendix 3
Economic-financial matters - Appendix 4

Communication/exchange of information - Appendix 5
Management and Personnel matters - Appendix 6

It is not proposed to discuss these results in detail but
attention can be drawn to some of the main features

(a) Manual skills: The various manual skills were all used, but
the extent to which they were each used depended on the nature

of the work. This applied to engineers as well as technicians.
Thus drafting dominated in design work, and clearly drafting is

the major manual skill used in civil engineering. Much time

was also spent generally using survey instruments, but techni-
cians in construction work and other work spent more time using
laboratory apparatus than on surveying. The 'other' category
inlluded such skills as driving vehicle.

(b) Economic/financial matters: Here again one particular item
dominated, this was "costing of, and costs of projects". The
item covered both the estimating aspect of projects and the
attention to cost details during the execution of the project.

Neither type of work nor level of employment altered the picture

a great deal. For those respondents who were involved in this
task, and most were, the financial cost aspects oaf civil engineer-

ing works were of great importance and regularly in use.

(c) Communication/exchange of information: The picture here was

less one-sided. Sketching used by all, but mostly by engineers
and technicians in design work, was also considered very
important by them. However, its use did not occupy as much

time as the more usual forme of communication. These aspects,

writing, talking and reading, were used roughly equally and had
similar degrees of importance attached to them.
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(d) Management and Personnel matters: Whilst these two groups of

activity were combined and listed together in the questionnaire

they were in fact separate and the results indicate that for

those people engaged in management and personnel matters, their

work was predominantly of the management category rather than

the personnel category (ratio approx. 5:1). Within the manage-

ment category the sub-categories were all well represented with

possibly directing and organizing being of greatest importance,

followed closely by planning.

It must be emphasised that the above comments in total refer

to those respondents who indicated use of the various categories of

task. In some cases the number of respondents concerned was low,

e.g. technicians - construction, and technicians - other work,

concerned with economic matters where the values of 'n' were 7, and

6 respectively.

8.1.4. Technical Matters: Sub-Category of Task

The main feature of engineers' and technicians' work is the

utilisation of appropriate technical knowledge. Much of this basic

knowledge is gained at post-secondary institutions where engineers

and technicians are expected to acquire knowledge skills anc attitudes

from their training that can be applied to their subsequent )rk

activity.

The problems associated with defining the technical items used

by civil engineers and technicians were dealt with at length in

Chapter 6. The list of "elements" of civil engineering knowledge

that was finally assembled amounted to sixty-three separate items

and they were all identified in terms used by training institutions

not in terms emanating from or having evolved from the work situation.

Resources were not sufficient to overcome this weakness and it remains

modified we hope in the opportunity liberally provided for the

addition of items by the respondents. It gives this part of our

work the appearance of using a "standard" curriculum as a target at

which shots are being aimed to eliminate certain items. We would

rather have been able to define how certain items were used and in

what combination with non-technical items or procedures they were

used, and thus establish new curriculum objectives or even construct

a new curriculum, or part of, rathee than merely to suggest deletions

or additions to a standard traditicnal type of curriculum.

Questions concerned with Technical matters occur on pages 3-6

of the questionnaire. The data obtained are detailed in Appendix 7,

which is sub-divided into six sections, namely engineers and

technicians by the three types of work used hitherto. Criteria used

in the examination of this data were

(a) to determine which "elements" of civil engineering knowledge

are used most frequently,

(b) which have greatest importance attached to them by the

respondents,

(c) which are considered most difficult, and

'd) what level of knowledge is associated with the most

frequently mentioned items.

So that these terms are understood at this stage the instructions



ment category the aub.categories were all well represented -with

possibly directing and organizing being of greatest importance,

followed closely by planning.

It must be emphasised that the above comments in total refer

to those respondents who indicated use of the various categories of

task. In some cases the number of respondents concerned was low,

e.g. technicians - construction, and technicians - other work,

concerned with economic matters where the values of 'n' were 7, and

6 respectively.

8.1.4. Technical Matters: Sub Cate or of Task

The main feature of engineers' and technicians' work is the

utilisation of appropriate technical knowledge. Mq,ch of this basic

knowledge is gained at post-secondary institution ere engineers

and technicians are expected to acquire knowledge .118 and attitudes

from their training that can be applied to their subsequent work

activity.

The problems associated with defining the technical items used

by civil engineers and technicians were dealt with at length in

Chapter 6. The list of "elements" of civil engineering knowledge

that was finally as4,embled amounted to sixty-three separate items

and they were all identified in terms used by training institutions

not in terms emanating from or having evolved from the work situation.

Resources were not sufficient to overcome this weakness and it remains

modified we hope in the opportunity liberally provided for the

addition of items by the respondents. It gives this part of our

work the appearance of using a "standard" curriculum as a target at

which shots are being aimed to eliminate certain items. We would

rather have been able to define how certain items were used and in

what combination with non-technical items or procedures they were

used, and thus establish new curriculum objectives or even construct

a new curriculum, or part of, rather than merely to suggest deletions

or additions to a standard traditional type of curriculum.

Questions concerned with Technical matters occur on pages 3-6

of the questionnaire. The data obtained are detailed in Appendix 7,

which is sub-divided into six sections, namely engineers and

technicians by the three types of work used hitherto. Criteria used

in the Pxamination of this data were

(a) to determine which "elements" of civil engineering knowledge

are used most frequently,

(b) which have greatest importance attached to them by the

respondents,

(c) which are considered most difficult, and

(d) what level of knowledge is associated with the moat

frequently mentioned items.

So that these terms are understood at this stage the instructions

concerning them, detailed in the questionnaire, are reproduced

below.

"In the section on pages 4 and 5 dealink-, with Technical

Matters please indicate in connection with -
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USE - those elements or parts of civil engineering know-

ledge which you use in the performance of your job,

by placing a tick against them.
Please write '0' against those you do not use.

For those elements of civil engineering knowledge you use
i.e., those you have ticked please indicate -

LEVEL OF KNOWLEDGE - by Ekelecting one of the following code

numbers with the meaningsas given: -
1 = Advanced level of knowledge of the whole element
2 = General level of knowledge of whole element
3 = Specialised knowledge of Fart of element
4 = Very specialised knowledge of small part of element

FREQUENCY of use by selecting one of the following code

numbers with their meanings as given: -
1 = Regularly, frequently, i.e. every day or every other

day
2 = Frequently, i.e. about once a week
3 = Not frequently, i.e. about once a month
4 = Infrequently, i.e. less than 10 times a year

IMPORTANCE - i.e. whether knowledge of the particular element

is important in your job. Your answer to be selected from
the following code numbers with their meanings as given: -

1 = Very important, easy to acquire
2 = Very important, diffi-ilt to acquire
3 = Important, easy to acq..ire
4 = Important, difficult to acquire
5 . Not important

DIFFICULTY - please indicate how difficult you consider the

handling or understanding of this particular element of

knowledge to be. Please select your answer from the follow-

ing code numbers with the meanings as given: -

1 = Very difficult
2 = Difficult
3 = Moderately difficult
4 = Easy

USE IN YEAR - in the last column indicate whether you have

used the element of civil engineering knowledge in the past

12 months. Please answer 1 or 0 (used, or not used).

Finally, if there are "elements" of civil engineering know-

ledge you use, and which are not included in the listing

please write about them on page 6, or if there is insufficient
space on pages 4 & 5, please continue on page 6, marking the
section referred to clearly. Any amplificati.= you think
would be helpful would be appreciated."

In the interests of brevity we have severely linited the

volume of data we include at this point. This has been done by

studying the frequency of response and then ranking the "elements"

of civil engineering knowledge for each of the categories _f response

viz. use. /do not use, frequency of use, importance, and difficulty.
Thus the rankings in the following table are based on the rankings

under all of the responses and not simply the ranking under the use/



For those elements of civil engineering knowledge you use
i.e., those you have ticked please indicate -

LEVEL OF KNOWLEDGE - by selecting one of the following code
numbers with the meanings as given: -

1 = Advanced level of knowledge of the whole element
2 = General level of knowledge of whole element
3 = Specialised knowledge of part of element
4 = Very specialised knowledge of small part of element

FREQUENCY of use by selecting one of the following code
numbers with their meanings as given: -

1 = Regularly, frequently, i.e. every day or every other
day

2 = Frequently, i.e. about once a week
3 = Not frequently, i.e. about once a month
4 = Infrequently, i.e. less than 10 times a year

IMPORTANCE - i.e. whether knowledge of the particular element
is important in your job. Your answer to be selected from
the following code numbers with their meanings as given: -

1 = Very important, easy to acquire
2 = Very important, difficult to acquire
3 = Important, easy to acquire
4 = Important, difficult to acquire
5 = Not important

DIFFICULTY - please indicate how difficult you consider the
handling or understanding of this particular element of
knowledge to be. Please select your answer from the follow-
ing code numbers with the meanings as given: -

1 = Very difficult
2 = Difficult
3 = Moderately difficult
4 = Easy

USE IN YEAR - in the last colum,i indicate whether you have
used the element of civil engineering knowledge in the past
12 months. Please answer 1 or 0 (used, or not used).

Finally, if there are "elements" of civil engineering know-
ledge you use, and which are not included in the listing
please write about them on page 6, or if there is insufficient
space on pages 4 & 5, please continue on page 6, marking the
section referred to clearly. Any amplification you think
would be helpful would be appreciated."

In the interests of brevity we have severely limited the
volume of data we include at this point. This has been done by
studying the frequency of response and then ranking the "elements"
of civil engineering knowledge for each of the categories of response
viz. use/do not use, frequency of use, importance, and difficulty.
Thus the rankings in the following table are based on the rankings
under all of the responses and not simply the ranking under the use/
do not use response. Not unexpectedly, for each of the groups of
engineers and technicians, the first few places in the ranking for
each of the categories of response contain virtually the same items.
It has been possible therefire to readily compile short lists of
those "elements" of civil engineering knowledge to which are attached
the greatest significance by the various groups of engineers and
technicians. A number of criteria were looked at as a basis for



limiting the number and "elements" to be included, and where the

cut off point should be. Eventually it was decided to include the

top twelve to fifteen "elements" because at about this number there

appeared to be a demarcation in usage etc. In order to quantify

in some way those "elements" included in the list the mean frequency

of "do use" for the "elements" was calculated in earth case, and then

compared. with the mean "do use" for all "elements". These means

are given at the bottom of Table 8.1.5. Note also that in this

table 'X' indicates major use.



TABLE 8.1.5. "ELEMENTS" OF CIVIL ENGINEMUN3 KNOXLEDGE
OF GREATEST SIGNIFICANCE TO ENGINEERS AND
TECHNICIANS IN VARIOUS TYPES OF WORK.

"ELEMENTS" OF CIVIL
ENGINEERING KNOWLEDGE
(order below has no
significance and follows
the list used in the
questionnaire)
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Of the items listed in Table 8.1.5. basic secondary school

maths - algebra, geometry, trigonometry was the most used \technical

item. Advanced maths, e.g. calculus and numerical methods were used

by a large number of respondents but the frequency of response for
"do use" tended to be near the mean for this response over whole

sixty-three "elements" or items, and well below the mean of the items

selected for inclusion in the table.

Computers - using programmes and writing programmes, formed

part of some respondents work but in no case was it near to the

extent of the items listed in Table 8.1.5. An exception occurred
in the case of tne small group of technicians, - other work, where

ucomputers almost justified inclusion. The use by this group may
have been due to those technicians within it engaged on Research and

Development work. All groups tended to attach importance to the

topic, but did not assess it as very important.

Where respondents indicated they used the "elements" of civil

engineering knowledge their use was almost always at the 5eneral

level. Other studies have revealed a tendency for this neutral

type of response to be given. The other three categories - advanced,
specialized and very specialized even when grouped together, came

nowhere near to matching the frequency of response to the category -

"general ", either over all sixty-three "elements", or for those

"elements" selected for Table 8.1.5. This neutral tendency was not

found for other responses given. One must assume therefore that a
general level of knowledge of a topic is what civil engineers and
technicians are interested in, and they do not see themselves as

using specialized knowledge. Doubt must remain, however, about the

effect of the attraction of the word "general", and it may bp that

some other scale for .revel of knowledge which avoided the term
"general" might have been more successful.

It is of interest to recall the study by Lee* in Arizona,

U.S.A. who said in his report "No attempt in the survey was made to

define 'general' and 'advanced' and in some respects they mean
different things in engineering than in the supporting occupations.

The results of the survey strongly suggest however, that it is

necessary for most engineers and related personnel to have a general

knowledge of a wide range of subjects, but it is not necessary for

most 'f them to have an advanced knowledge of more than a few".

Some confirmation of the frequency of use was provided by

the response to the "do use/do not use" question. Where an element

had a high frequency of "do use" by a group of subjects, that element

tended to be used rezularly or frequently, i.e. every few days.

In general also the subjects most significant to engineers

of a particular group, e.g. design engineers, were also of signifi-

cance to technicians of the same type, e.g. design technicians

(draftsmen). This is not unexpected, but perhaps it hints at a

closer relationship existing between the tasks of engineers and
technicians engaged in one sort of activity, than is likely to exist

between engineers engaged in different activities or technicians

engaged in different activities. Within particular activities the
bounaary between the tasks of engineer and technician may be much

less clearly defined than appears overall.

Finally, it may be of some interest to mention those items

ln the list of sixty-three "elements" that were used least by all
tt It'41 kit



selected for inclusion in the table.

Computers - using programmes and writing programmes, formed

part of some respondents work but in no case was it near to the

extent of the items listed in Table 8.1.5. An exception occurred

in the case of the small group of technicians - other work, where

computers almost justified inclusion. The use by this group may

have been due to those technicians within it engaged on Research and

Development work. All groups tended to attach importance to the

topic, but did not assess it as very important.

Where respondents indicated they used the "elements" of civil

engineering knowledge their use was almost alway at the general

level. Other studies have revealed a tendency for this neutral

type of response to be given. The other three categories - advanced,

specialized and very specialized even when grouped together, came

nowhere near to matching the frequency of response to the category -

"general ", either over all sixty-three "elements", or for those

"elements" selected for Table 8.1.5. This neutral tendency was not

found for other responses given. One must assume therefore that a

general level of knowledge of a topic is what civil engineers and

technicians are interested in, and they do not see themselves as

using specialized knowledge. Doubt must remain, however, about the

effect of the attraction of the word "general", and it may be that

some other scale for L.evel of knowledge which avoided the term

"general" might have been more successful.

It is of interest to recall the study by Lee* in Arizona,

U.S.A. who said in his report "No attempt in the survey was made to

define 'general' and 'advanced' and in some respects they mean

different things in engineering than in the supporting occupations.

The results of the survey strongly suggest however, that it is

necessary for most engineers and related personnel to have a general

knowledge of a wide range of subjects, but it is not necessary for

most pf them to have an advanced knowledge of more than a few".

Some confirmation of the frequency of use was provided by

the response to the "do use/do not use" question. Where an element

had a high frequency of "do use" by a group of subjects, that element

tended to be used regularly or frequently, i.e. every few days.

In general also the subjects most significant to engineers

of a ',articular group, e.g. design engineers, were also of signifi-

cance to technicians of the same type, e.g. design technicians

(draftsmen). This isnot unexpected, but perhaps it hints at a

closer relationship existing between the tasks of engineers and

technicians engaged in one sort of activity, than is likely to exist

between engineers engaged in different activities or technicians

engaged in different activities. Within particular activities the

boundary between the tasks of engineer and technician may be much

less clearly defined than appears overall.

Finally, it may be of some interest to mention those items

tr.e list of sixty-three "elements" that were used least by all

respondents. The "element" . "Electrical Engineering" was used

least, the various "elements" under the item "water" were used little,

and items connected with computers generally had low frequencies of

use.

Lee A.M., "Engineering and Technology in Arizona. A report on the

education of engineers, technicians, and skilled draftsmen and the

educational needs of industry". Arizona ,c,,upational Research

Co-ordinating Unit: Arizona State Dept. cr Vocational Education,

Phoenix, U.S.A.,1968.



As mentioned earlier the detailed frequencies for the eighty
"elements" are listed in Appendix 7, which consists of six parts -

8.1.5. Training Analysis; and Open-Ended Questions

8.1.5.1. Training

The last part of the questionnaire dealt with aspects of the
respondents' training in civil engineering. Pages 9 and 10 dealt
with training in relation to specific categories of task viz.
technical, manual, economic, communication, and management. Page
11 contained some open-ended questions mainly concerned with
deficiencies in training that had become apparent in the actual work
situation since working in civil engineering.

The first analysis of the data from both of these sections
was similar to that attempted previously, but instead of using type
of work and level (engineer or technician) as the main analytical
tools, we decided to use type of qualification (re deficiencies and
strengths with respect to a particular course with its own set of
aims and objectives).

The coding used in editing the questionnaires allowed for
fourteen categories of answer for qualification. For the analysis
of the data these fourteen were reduced to eight as shown in Table
8.1.6. Details of the response for each of the original fourteen
categories are giben in Appendix 8.

TABLE 8.1.6. CATEGORIES_ESUALIFICATION

CATEGORY QUALIFICATION n

1 B.E. (Civil, B.Sc. (Civil Engineering) and
Professional Inst. qualifications 106(81+20+5)

2 Diploma - civil engineering 37

3 Local Government certificate 14

4 Degree-other and Diploma-other 18(13+5)

5 Engineering surveying cert. 35(21+14)

6 Engineering surveying cert. 28

7 Materials testing cert. and other
certificates 40(4+36)

8 No qualifications and no answer 53(45+8)

TOTAL 331
=NIEMEN.

Whilst respondents with civil engineering degrees predominated
other categories of qualifications were well represented.

Answers were sought with respect to the various categories of
task to the following questions
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8.1.5.1. Training

The last part of the questionnaire dealt with aspects of the
respondents' training in civil engineering. Pages 9 and 10 dealt
with training in relation to specific categories of task viz.
technical, manual, economic, communication, and management. Page
11 contained some open-ended questions mainly concerned with
deficiencies in training that had become apparent in the actual work
situation since working in civil engineering.

The first analysis of the data from both of these sections
was similar to that attempted previously, but instead of using type
of work and level (engineer or technician) as the main analytical
tools, we decided to use type of qualification (re deficiencies and
strengths with respect to a particular course with its own set of
aims and objectives).

The coding used in editing the questionnaires allowed for
fourteen categories of answer for qualification. For the analysis
of the data these fourteen were reduced to eight as shown in Table
8.1.6. Details of the response for each of the original fourteen
categories are giben in Appendix 8.

TABLE 8.1.6. CATEGORIES OF QUALIFICATION

CATEGORY QUALIFICATION

1 B.E. (Civil, B.Sc. (Civil Engineering) and
Professional Inst. qualifications 106(81+20+5)

2 Diploma - civil engineering 37

3 Local Government certificate 14

4 Degree-other and Diploma-other 18(13+5)

5 Engineering surveying cert. 35(21+14)

6 Engineering surveying cert. 28

7 Materials testing cert. and other
certificates 40(4+36)

8 No qualifications and no answer 55(45+8)

TOTAL 331

Whilst respondents with civil engineering degrees predominated
other categories of qualifications were well represented.

Answers were sought with respect to the various categories of
task to the following questions

(1) "The knowledge needed to perform the task - was it part of your
post-secondary/tertiary training?

Please indicate by writing a number selected from the 4-point
scale.
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strongly
emphasised emphasised

some
mention none

3 4 "

For technical matters and manual skills categori4s of task

the results show slight differences, these are given in Table 8.1.7.

TABLE 8.1.7.

QUALIFICATION CATEGORY

1 2 0 3-1 4 5 6 7 1 8
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Technical matters % % % % % % % %

No response 2 3 0 6 11 5 0 11

Answer 1 56 27 43 22 20 38 36 17

2 30 49 43 56 34 28 39 25

3 ii 22 7 17 31 29 21 26

4 1 0 7 0 3 0 4 21

Manual skills

No response 11 24 7 17 26 33 7 25

Answer 1 15 3 7 0 29 18 36 19

2 30 46 43 33 20 30 36 34

3 35 16 43 44 23 13 11 9

4 9 11 0 6 3 8 11 13

For technical matters the high percentage (56%) for "strongly

emphasised" shown for respondents with degrees can be contrasted with

the more neutral position "emphasised" for those with certificates.
For manual skills the position was more or less the reverse and those

with degrees indicated they were "mentioned" to "emphasised", whereas
those with certificates indicated nearer the "strongly emphasised".

For economic/financial, and communication all qualification
categories indicated between "some mention" and "none", and in the
management and personnel category the response was strongly towards

the "none" mark.

In terms of the tasks performed as engineers and technicians
fm -1 1 7 .. P*. 4 4 1 r b") a$ q
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Technical matters %
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56
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%
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27

49
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0

%

0

43

43

7

7

%

6

22

56

17

0

%

11

20

34

31

3

%

5

38

28

29

0

%

0

36

39

21

4

%

11

17

25

26

21

No response

Answer 1

2

3

4

Manual skills

11

15

30

35

9

24

3

46

16

11

7

7

43

43

0

17

0

33

44
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3

33
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8

7

36

36

11

11

25

19

34

9
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No response

Answer 1

2

3

4

For technical matters the high percentage (56%) for "strongly

emphasised" shown for respondents with degrees can be contrasted with

the more neutral position "emphasised" for those with certificates.

For manual skills the position was more or less the reverse and those

with degrees indicated they were "mentioned" to "emphasised", whereas

those with certificates indicated nearer the "strongly emphasised".

For economic/financial, and communication all qualification
categories indicated between "some mention" and "none", and in the

management and personnel category the response was strongly towards

the "none" mark.

In terms of the tasks performed as engineers and technicians
(Table 8.1.2.1.) therefore, this implies that only 42 percent of an
engineer's tasks and 74 percent of a technician's are near ad3quately

covered by the formal training, or perhaps more ..mportantly 58 percent

and 26 percent of the tasks of engineers and teclinicians respectively

are not adequately covered.
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(2) "Has practical experience been of importance in the acquisition
of skill in relation to this task?

Please indicate by writing a number selected from the 4-point
scale.

Very very
much much some little

1 1 1---- 1

1 2 3 4

For all categories of qualification the importance of
practical experience rated near to "very much" for technical
matters. In manual skills those with certificates rated it
"very much", and those respondents with degrees and diplomas
still rated it "much".

There was also predominance of "much" to "very much" answers
for the economic, communication, and management categories of
task. An exception was the trend for those with certificates
to not rate practical experience as highly for these latter
categories of task, as did other groups.

(3) "What do you think is the best pattern of training for
acquiring the knowledge required for the performance of the
task? Select one of the following for each of the categories
of task. Full time course. Full time followed by part-time.
Part-time. Sandwich/block release. T.W.I. (Training within
industry). Short intensive course. Correspondence, Self
learning. Other."

(4) "Please indicate whether the courses should be at Ogree or
sub-degree level".

The nominated best pattern of training reflected traditional
thinking on this subject, i.e. a degree should be obtained full-
time and a certificate part-time. It is interesting to refer
to Table A1.12. (Appendix 1) which shows that of 164 engineers,
85 gained their qualification full-time and 79 part-time. If
the first four education categories are grouped together (this
should contain nearly all engineers) the nomination of full-
time to part-time as the best method of acquiring knowledge of
technical matters is approximately in the ratio of 3:1, not the
1:1 (85:79) indicated for their own training by the respondents.
This suggests gaining a degree part-time is not popular in
restrospect.

The sandwich pattern of training received fair mention in
spite of its novklty.

For manual skills the spread of nominated pattersn of
training is wider, but the T.W.I. (training within industry)
pattern ranks with the part-time pattern for all categories
of qualification.

T.W.I. and short intensive courses are ranked equally for
economic, communication and management matters by all groups
with the exception of "economics" for those with engineering
decrees who nominate full-t4me Rftgolv with T-W.T, nab wvtrianta



Very
much much some

I

2 3

very
little

4

For all categories of qualification the importance of
practical experience rated near to "very much" for technical
matters. In manual skills those with certificates rated it
"very much", and those respondents with degrees and diploma&
still rated it "much".

There was also predominance of "much" to "very much" answet.s
for the economic, communication, and management categories of
task. An exception was the trend for those with certificates
to not rate practical experience as highly for these latter
categories of task, as did other groups.

(3) "What do you think is the best pattern of training for
acquiring the knowledge required for the performance of the
task? Select one of the following for each of the categories
of task. Full time course. Full time followed by part-time.
Part-time. Sandwich/block release. T.W.I. (Training within
industry). Short intensive course. Correspondence, Self
learning. Other."

(4) "Please indicate whether the courses should be at degree or
sub-degree level".

The nominated best pattern of training reflected traditional
thinking on this subject, i.e. a degree should be obtained full-
time and a certificate part-time. It is interesting to refer
to Table A1.12. (Appendix 1) which shows that of 164 engineers,
85 gained their qualification full-time and 79 part-time. If
the first four education categories are grouped together (this
should contain nearly all engineers) the nomination of full-
time to part-time as the best method of acquiring knowledge of
technical matters is approximately in the ratio of 3:1, not the
1:1 (85:79) indicated for their own training by the respondents.
This suggests gaining a degree part-time is not popular in
rectrospect.

The sandwich pattern of training received fair mention in
spite of its novelty.

For manual skills the spread of nominated pattersn of
training is wider, but the T.W.I. (training within industry)
pattern ranks with the part-time pattern for all categories
of qualification.

T.W.I. and short intensive courses are ranked equally for
economic, communication and management matters by all groups
with the exception of "economics" for those with engineering
degrees who nominate full-time equally with T.W.I. Respondents
therefore suggest that economic and financial matters are
sufficiently important to be included in the full-time tertiary
training course, or to be studied part-time or be taught for a
short intensive period whilst in employment. The short
intensive course carried out against a background of work
activities has, of course, much to commend it.
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In reply to the question on what level the pattern of

traininr should be, the respomie rate was low but sub-degree

was nominated most frequently except for technical matters

where degree level was nominated more often.

(5) "To what extent is your post-secondary/tertiary training
specifically used in the performance of the category of task?

Please indicate by writing a number selected from the following

4-point scale.

almost
all much some

2

very
little;4 "

For technical matters the trend was "much" for most respondents

tending towards "some" for nose with certificates, for manual

skill: the reverse was generally the case, i.e. "some" tending

towards "much" for those with certificates. For the remaining

three categories of tack - economics, commlnication, and manage-

ment the answers were predominantly "very little", and tertiary

training did not equip respondents with the skills necessary

for performance of these tasks.

Reference to Table 8.1.1. indicates how much time is spent

on these three sub-categories of task. One would therefore

expect training to include some preparation for performing these

tasks, but the "very little" type of answer to Question 5

suggest., the opposite. The economic matters sub-category of

task was mainly loncerned with estimating and accounting and

one could expect these subjects to be included in a course,

particularly if one recalls the unknown American wit referred

to earlier in this report who said "a civil engineer is a man

who can do for one dollar what any fool can do for two". The

importance of this sub-category of task is confirmed by its

emergence as a major deficiency in training mentioned by

respondents in answer to open-ended questions about deficiencies.

(Chap. 8.1.5.2.)

Question six, asked subjects to recommend the best way of

acquiring the knowledge for performance of the various sub-

categories of task, and to nominate three methods in order of

priority. To check if subjects were familiar with the usual

methods of acquiring knowledge they were first asked to indicate

on a list, those methods of which they had experience. Question

six read as follows:-

(6) "The following lists most of the ways of acquiring know-

ledge -

Live lecture 0

Tutorial 1

Audio-visual methods2
Individual project 3
Group project 4

Demonotration, laboratory & outside 5

Practical participation/field work 6

Simulation/decision making games 7

On the job instruction 8
Practical job experience J 9

Which of these have you had experience of? Please circle

number.

What is the best way of acquiring the knowledge for the



"To what extent is 70nr Poga-mocondarY/tartiarY training
specifically used in the performance of the category of task?

Please indicate by writing a number selected from the following

4-point scale.

almost
all

1

much

2

some

T

3

very
little

4 "

For technical matters the trend was "much" for most respondents

tending towards "some" for those wits. certificates, for manual

skills the reverse was generally the case, i.e. "some" tending

towards "much" for those with certificates. For the remaining

three catell.c'ries of task - economics, communication, and manage-

ment the answers were predominantly "very little", and tertiary
training did not equip respondents with the skills necessary
for performance of these tasks.

Reference to Table 8.1.1. indicates how much time is spent

on these three sub-categories of task. One would therefore
expect training to include some preparation for performing these
tal-,kn, but the "very little" type of answer to Question 5

suggest: the opposite. The economic matters sub-category of

task was mainly concerned with estimating and accounting and

onP could expect these subjects to be included in a course,
particularly if one recalls the unknown American wit referred

to earlier in this report who said "a civil engineer is a man

who can do for one dollar what any fool can do for two". The

importance of this sub-category of task is confirmed by its

emergence as a major deficiency in training mentioned by
respondents in answer to open-ended questions about deficiencies.

(Chap. 8.1.5.2.)

Question six, asked subjects to recommend the best way of

acquiring the knowledge for performance of the various sub-

categories of task, and to nominate three methods in order of

priority. To check if subjects were familiar with the usual

methods of acquiring knowledge they were first asked to indicate

on a list, those methods of which they had experience. Question

six read as follows:-

(6) "The following lists most of the ways of acquiring know-

ledge -

Live lecture 0
Tutorial 1

Audio-visual methods2
Individual project 3
Group project 4

Demonstration, laboratory & outside 5
Practical participation/field work 6

Simulation/decision making games 7

On the job instruction 8
Practical job experience 1 9

Which of these have you had experience of? Please circle

number.

What is the best way of acquiring the knowledge for the

performance of the task? Please state up to three answers

in order of priority."

The data show that with the exception o item 7 - "simulation/
decision making games" - all methods of -squiring knowledge were
known to most subjects in each of the qtalification categories.

(Table A8.8., Appendix 8). Some certificate holders claimed also
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to have no experience of audio-vi.lual mothod.;, and oomt, also
no experience of grot4; projectz.

The preferred method.. :re summarizled in the following table
801080

TABLE 8.1.8. NOMINATED BEST WAYS OF ACQUIRING KNOWLEDGE FOR
VARIOUS TASKS (3 WAYS IN ORDER OF PRIORITY)

CHOICE
QUALIFICATION CATEGORY

1 2 c
. C 7
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ci
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1

2

lect.

tute.

pr.j.ex.

lect.

tute.
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lect.
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o.j.i.

-
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pr.j.ex.
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o.j.i.

p.j.::x.

pr.j.ax. lect.
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1

p.j.ex.lpr.j.ex.
1

loot.

tute.

pr.j.ex.

Tact.

pr.j.ex.

pr.j.ex.

N.D. in the above table abbreviations mean:-

lect. = live lecture
tute. = tutorial
pr.j.ex. = practical job experience
o.j.i. = on job instruction
pr./f.w. = practical /field work
demo. = demonstration

Of the forty cells in the table above, thirty-five are com-
plete, and of these, twenty-six contain as the first and third choices
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pr.j.ex.

tact.

o.j.i.
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N.b. in the above tabl;a abbreviation:; mean:-

lect. = live lecture
tute. = tutorial
Eor.j.ex. = practical job experience
o.j.i. = on job instruction
pr./f.w. = practical /field work
demo. = demonstration

of tlie forty cella in the table above, thirty-five are com-
plete, and of these, twenty-six contain as the first and third choices
lecture and practical job experience respectively. Admittedly this
is a simplification, but it must raise again the idea of a combination
course of theory and practical job experience as being the superior
method of organizing vocational training. Lack of practical work
comes high on the list of training deficiencies listed later in this
chapter.
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Question ? referred to tertiary civil engineering education

in gent,ral,

"How do you view your poet - secondary/tertiary training?

Please indicate by ringing one of the numbers on each of

the following 5-point scales:

(a) 1

(b)

too few general
principles of
civil engin.

2

too little detailed
factual subject
content re civ. eng.

(c) 1

too little 'general
engineering education'

.F40 41.i1.191.4
about too many general

right principles of
civ. eng.

about too much detailed
right factual subject

content re civ.eng.

--4"----"jr"+'
about too much 'general

right engineering education'

The results were left of centre in each case: those respon-

dents with bachelor's degrees were nearer 3 and those with certificates

were slightly nearer point 2. The "stral7ht down the middle" answers

to this question were surprising after considering the imbalance in

training indicated in answers to earlier questions. Possibly the

attraction of the middle answer on a five-point scale proved irresis-

tible. Ca the oth.'7. hand the answers to the questions, which relate

to content/theory, ch.. indicate that the theory balance was satis-

factory.

8.1.5.2. Open-ended Questions

The open-ended questions dealt mainly with training/education.

The majority of responlents (about seventy perbent) enjoyed their

tertiary training overall and about twenx4 percent did not. The

reasons for "not liking" tended to cluster around course structure,

difficulties associated with the course, uninteresting content and

presentation, inadequate teaching methods, and also personal condi-

tions and pressure. Surprisingly differences between groups with

different qualifications were not great.

More far-ranging answers were given to aspects that were

liked, e.g. way of life and freedom of thought scored significantly

for those with degrees and diplomas, but hardly at all for those with

certificates. On the course structure the item labelled practical

work was a clear favourite in six of the seven categories of formal

1.,r11;fic,Jtion (degree:., gni crtificateo,), followed by various items

dealing with course structure, preentation, content and advance of

knowledge.

Summarii.iing, most respondent:: enjoyed their courses, and the

part thoy enjoyed most wa.; the practical work. Of those who didn't

enjoy it, curriculum problems were the main reason.

Deficiencies in training, skills acquired through necessity,

etc. produced about one thousand reoponses. These, however, readily

to APVP11 i.tems or groups. These are shown in detail in
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(b)
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about
right
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too many general
principles of
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about too much detailed
right factual subject

content re civ.eng.

about too much 'general
right engineering education'

The results were left of centre in each case: those respon-

dents with bachelor's degrees were nearer 3 and those with certificates

were slightly nearer point 2. The "straight down the middle" answers

to this question were surprising after considering the imbalance in

training indicated in answers to earlier questions. Possibly the

attraction of the middle answer on a five-point scale proved irresis-

tible. On the oth,r hand the answers to the questions, which relate

to content/theory, es- indicate that the tneory balance was satis-

factory.

L142.2. Open -ended Questions,

The open-ended questions dealt mainly with training/education.

The majority of respondents (about seventy perbent) enjoyed their

tertiary training overall and about twenty percent did not. The

reasons for "not liking" tended to cluster around course structure,

difficulties associated with the course, uninteresting content and

presentation, inadequate teaching methods, and also personal condi-

tions and pressure. Surprisingly differences between groups with

different qualifications were not tseeat.

Mere far-ranging answers were given to aspects that were

liked, e.g. way of life and freedom of thought scored significantly

for those with degrees and diplomas, but hardly at all for those with

certificates. On the course structure the item labelled practical

work was a clear favourite in eix of the seven categories of formal

qualification (degrees and certificates), followed by various items

dealing with course structure, presentation, content and advance of

knowledge.

Summarising, most respondente enjoyed their courses, and the

part tLey enjoyed most wee the practical work. Of those who didn't

enjoy it, curriculum problems were the main reason.

Deficiencies in training, skills acquired through necessity,

etc. produced about one thousand responses. These, however, readily

reduced to seven items or groups. These are shown in detail in

Table A.16. (Appendix 8) for the eight qualification categories.

This table has been further summarised in the following ranking with

item 1 the greatest deficiency:

(1) management/personnel items
(2) economic/financial items

(3) communication items
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(4) lack of practical work
(5) public relations
(6) computers
(7) environment ideas.

It should be noted that the one thousand responses mentioned
above came from 83 percent of the total number of respondents. For
those broups with civil engineering degrees or diplomas a mean of 94
percent ...ndicated deficiencies of one sort or another, and for that
group with no qualifications 77 percent indicated deficiencies. Thus
the response was near to uniform across all qualification groups.

If one excludes for the moment the first three items on the
list, the fact that lack of practical work should be the first
technical curriculum item is of interest.

In order to be clear about the meaning of the phrase "lack
of practical work" the actual responses in the completed questionnaires
were re-examined. This examination revealed that there was no con-
fusion in respondents' minds, they were not referring to practical
work of the engineering laboratory type but to practical work in the
real job situation. There were comments such as "practical experience
and relationship of knowledge to a practical situation", "practical
application of engineering principles" "lack of connection between
what was taught and its practical application", "confidence based on
practical experience", "lack of practical experience". Some comments
from those working in Consultants' offices were "deficient in practical
design training", "more practical design", "practical site experience".
From construction companies came "lack of training or practical
applications", "subjects not related to actual construction procedures".

Of particular interest also was the comment concerning
deficiencies in training "Nil, mainly due to the fact that I worked
with civil engineering contractors prior to tertiary (qualification)"
from a respondent who had experienced the sandwich course pattern of
study.

Clearly then the phrase "lack of practical work" referred to
practical training concerning, or practical experience of the non-
ideal and non-theoretical real work situation.

This raises again the controversy about engineering education
in generel: is it biased towards engineering science/theory rather
than engineering?

Is insufficient attention paid to the practical application
of engineering knowledge? The respondents in our survey have said
this was the case and have implied there was imbalance in their
training.

The importance of this is still further increased if one
recalls the recommendations, discussed earlier, on the best ways of
acquiring knowledge for the various tasks, when respondents were
strongly in favour of a combination of theory and practical job
experience.

The medical profession overcame this problem of producing
a "rounded" professional, capable of practising immediately after
training, years ago. Should the engineering profession be facing
the problem of producing similar "rounded" engineers.
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above-came from of the total number of-resim=dents. 'Tor
those groups with civil engineering degrees or diplomas a mean of 94
percent indicated deficiencies of one sort or another, and for that
group with no qualifications 77 percent indicated deficiencies. Thus
the response was near to uniform across all qualification groups.

If one excludes for the moment the first three items on the
list, the fact that lack of practical work should be the first
technical curriculum item is of interest.

In order to be clear about the meaning of the phrase "lack
of practical work" the actual responses in the completed questionnaires
were re-examined. This examination revealed that there was no con-
fusion in respondents' minds, they were not referring to practical
work of the engineering laboratory type but to practical work in the
real job situation. There were comments such as "practical experience
and relationship of knowledge to a practical situation", "practical
application of engineering principles" "lack of connection between
what was taught and its practical application", "confidence based on
practical experience", "lack of practical experience". Some comments
from those working in Consultants' offices were "deficient in practical
design training", "more practical design", "practical site experience".
From construction companies came "lack of training or practical
applications", "subjects not related to actual construction procedures".

Of particular interest also was the comment concerning
deficiencies in training "Nil, mrinly due to the fact that I worked
with civil engineering contractors prior to tertiary (qualification)"
from a respondent who had experienced the sandwich course pattern of
study.

Clearly then the phrase "lack of practical work" referred to
practical training concerning, or practical experience of the non-
ideal and non-theoretical real work situation.

This raises again the controversy about engineering education
in general: is it binsed towards engineering science/theory rather
than engineering?

Is insufficient attention paid to the practical application
of engineering knowledge? The respondents in our survey have said
this was the case and have implied there was imbalance in their
training.

The importance of this is still further increased if one
recalls the recommendations, discussed earlier, on the best ways of
acquiring knowledge for the various tasks. when respondents were
strongly in favour of a combination of theory and practical job
experience.

The medical profession overcame this problem of producing
a "rounded" professional, capable of practising immediately after
training, years ago. Should the engineering profession be facing
the problem of producing similar "rounded" engineers.

The sandwich type of course does not fulfil the need if the
theoretical/formal training is not closely integrated with the
practical job experience. Medical training may have many aspects
that engineering training could adopt with benefit.

Management is a difficult subject to teach and for the
student full-time course might best be left until after the graduate
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has had oome exyosure in industry. Formal courses in the practice

and theory of management may well, however, be regarded as forming

an essential component of the training of a professional engineer.

A few years ago in the U.K. both graduates and Higher National

Certificate holders (now no longer recognized) were required to take

and pass an endorsement course in the Management of Men as a means

of fulfilling the educational requirements for membership of some

professional engineering institutions. It is not beyond the bounds

of possibility therefore, for graduates being required to attend an

organized course on management, say one year, after completing their

basic course. It is an unfortunate fact at the moment, however,

that formal management training is left to the whim of the individual

or his employer. If the entire civil engineering course were re-

modelled to include as an integral item practical job experience,

there would be fewer problems concerned with teaching the basic

ideas of ifianagement.

Some similar arguments apply to economic/financial matters,

and communication matters. However, the former should be introduced

alongside technical content. The civil engineer often uses the two

types of skill in conjunction, why should he not be taught them in

conjunction?

The remaining open-ended questions dealt with such topics as

criteria of success in the job, decision making, creativity and the

future. A question seeking views on what the training of respondents

most fitted them for was not extensively answered. The wording was

ambiguous and the answers reflected this. (Some details concerning

the latter are given in Table A8.21. in Appendix AS.)

The views on criteria of success were wide ranging and some

twenty-five categories were developed to accommodate the answers.

Initially these were examined with reference to the eight categories

of qualification but this did not produce significant differences.

Respondents were then grouped into broader categories as follows:

those with a degree, diploma, or local government qualification;

those with certificates; and those with no qualifications. The

most frequently selected criteria (in descending order) are given

in Table 8.1.7. Also included are those items thought to be of

least importance in detarmining success in one's job.



TABLE 8.1.9. CRITERIA OF SUCCESS IN THE JOB
RANK IN DFSCENDING ORDER
(LOWEST RANK = 25)

CATEGORY OF ANSWER
OVERALL
RANKING

BROAD QUALIFICATION CATEGORY

Degree/
Diploma

Certi-
ficate

No qual.

Technical efficiency/competency 1 1 1 1

Knowledge /qualifications 2 4 2 2
Completion of work/project 3 2 - 5
Time efficiency/competency 4 7 3 3
Personal relationships/
diplomacy 5 3 - 22

Good management 6 5 21 -

Financial efficiency/competency 7 6 - -
Public relations 8 - 7 -

Initiative /drive 9 - - 4
Experience 10 - 4 -
Decision making 11 - 6 22
Seniority 12 - 4 -
Honesty /Integrity 16 22 - -
Flexibility 16 - 21 -

Creativity 18 - 24 22
Reliability 22 22 21
Conformity/submission to
authority 23 - 25 22

Leadership 21+ 21+ MM.

Opportunism 25 24

The detailed results are given in Appendix A.8. Table A.8.17.



Answers to this question were also examined according
to (1) level of employment and type of work, (2) level of employ-
ment and age of respondent, and (3) level of employment and type
of employer. Data relat::ug to these are given in Tables A8.18,
A8.19 and A8,20 of Appendix 8.

These further analyses were carried out to determine
any additional views concerning "criteria of success" that might
exist between the various levels and types of employment. A close
study of the tables in Appendix 8 mention,d above shows many
different views do exist Perhaps of greatest interest is the
comparison between the views of engineers engaged on design work,
and those engaged in construction work. The following table shows
the items given the top rankings by engineers working on design
and on construction, and by engineers working in consultants'
offices and for contractors.

TABLE 8.1.10. CRITERIA OF SUCCESS IN THE JOB
(NUMBER OF RESPONSES AND PERCENTAGE OF TOTAL

RESPONSE)
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From the above table it is clear that construction
engineers rate "completion of work/productivity" and "efficiency/
competency-financial" more important than or as important as
" efficiency /competency- technical" for determining success in their
job. Design engineers, however, rate "efficiency/competency-
technical" much more important than any other item.

The relationship that exists between technical matters
and economic /financial matters in civil engineering appears to be
strong for the construction engineer.

Whether education was believed to help to develop
technical decision making depended to some extent on the type of
education received, although differences were not large. Of those
with degrees or diplomas who answered, rather more than half thought
it did help; of those with certificates from half to less than a
half thought it helpful.

The particular part of the education which helped develop
this skill was thought mainly to be that part dealing with the
design of structures. Table A8.22. in Appendix 8 presents the data
in detail.

Asked whether their education encouraged them to develop
their own ideas or to use traditional methods, respondents indicated
that, in the main, in fact they used traditional methods. Provision
was made in editing for a variety of combination answers to be coded,
and the details are given in Appendix 8, Table A8.23. Even if allow-
ance is made for the influence of combination answers (of the type
"used traditional methods more than developed own ideas") the impression
that traditional methods were used most frequently still emerges. It
can be effectively argued, of course, that in the majority of cases
traditional methods will be easier, cheaper and quicker to use, and
that education should be concerned with making students familiar with
them and how to use them.

There is some suggestion in the results that respondents
with civil engineering degrees received more encouragement to develop
their own ideas, and that this was connected with devising "new
methods". There is not much difference, however, between the 'degree'
group and the 'certificate' group in this respect.

The final question was based on the idea that people en-
gaged in civil engineering would probably have views on the trend of
development in the industry, and that if there were a consensus of
opinion, this could be of value to those concerned with designing
curricula. The data in detail are presented in Tables A8.24 and
A8.25, in Appendix 8. The results from the examination of this data
have been summarised in the following Table 8.1.11; the main items
only have been listed.
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TABLE 8.1.11. THE FUTURE

ITEM
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MAJOR DIFFERENCE BY 1980)

From the above one can conclude that respondents thought that

tne 1980 civil engineering scene would differ most from that today by

the greater use of systems, and by the improvement to existing

systems. Reference to Table A8.24 in Appendix 8 will show that 148

of the total 369 responses selected this particular "systems" item.

The second place item "social concern" was some considerable distance

behind with a frequency of 50 out of the total response frequency of

369

Answers to this question were also examined according to

level of employment and age of respondent, and finally according to

level of employment and type of employer. Data relating to these are

given in Tables A8.26. and A8.27, of Appendix 8. However, no major

vAriation on the ranking shown in Table 8.1.11 appeared, slight differ-

ences can be detected by comparing Tables A8.26, and A8.27 of

Appendix 8.
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already havens, but it will be improved and used to a greater
extent by 1980. It is of interest to recall the MIT definition
of civil engineering which reads "the engineering of systems of
constructed facilities" and their inclusion of systems as one of
the fire areas of specialization basic to all civil engineering
proLlems and projects. Others have developed this idea (see
Chapt. 9.) and see greater utilisation of mathematical models,
computer simulation, critical path and PERT techniques.

In concluding this section it should be admitted that
it has not been possible to examine every inter-relationship.
The analysis of the data has been limited by the time available.
Hopefully the more important factors have been considered.

This statement ought to be considered
in perspective. In fact more than one
hundred pages of computer print out
(listing) were examined in the prepar--
ation of the preceding table and dis-
cussi6h dealing with the "Future".



8.1.6, Responsibiliti

Our interest in responsibility, and the basis of the scheme
we devisel for asseezi%e responsibility were discussed in Chapter
6.1.1 The scoring system in this scheme consisted of three parts,
the first dealing with responsibility for men, the second with money

and the third with policy. Good reasons exist for keeping these
three distinct types of responsibility separate, not the least of
these being that a combined score would need to take into consideration
the relative weight that should be attached to each type of
responsibility if scores in each type, were to be summed in some
fashion. We did not feel competent to weight the types of
responsibility although we believe that responsibility for men should
be weighted more than the other two responsibilities. This discussion
concerning the data has had to be carried out in terms of the three
separate types of responsibility.

The factors involved in the present scheme are repeated below:

A. Men responsibility.

(i) Number and type of staff for which responsible.

B. Money responsibility.

(i) Incidental expenditure, running expenditure,
cheque signing limit.

(ii) Capital expenditure limit.

(iii) Value of plant and equipment for which responsible.

(iv) Value of work or project for which responsible.

C. Policy respo.lsibility.

(i) Responsibility for technical decisions.

(ii) Connection with policy making.

(iii) Involvement in policy interpretation.

(iv) Safety decisions.

(v) Social responsibility and legal responsibility.

Detailed results are given in Appendix A9. It will be noted

that there is no reference to professional responsibility in the broad

sense in this section of the report. The subject of professionalism and
professional responsibility with respect to engineers is discussed in

Chapter 10.

When dealing with men we asked for information on the numbers

of men in defined categories for whom responsibility was taken. The

defined categories were unskilled staff, craftsmen and tradesmen,

technician, graduates, and managers and 5 year graduates. A value was

placed on each category, selected without systematic justification, but

based on e standard organisation structure, and a score was worked out

on the numbers of men and their arithmetic values.

Money responsibility, of four types was scaled on a non-linear

five point scale, values ass: ned and total scores worked out.

Policy responsibility of five types was scaled on a five point

semantic differential scale, values assigned and total sums worked.

mh^ A An TV3 'P 12 of the CODY Task Analysis



these,being that a combined score would need to take into consideration
the relative weight that should be attached to each type of
responsibility if scores in each type were to be summed in some
fashion. We did not feel competent to weight the types of
responsibility although we believe that responsibility for men should
be weighted more than the other two responsibilities. This discussion
concerning the data has had to be carried out in terms of the three
separate types of responsibility.

The factors involved in the present scheme are repeated below:

A. Men responsibility.

(1) Number and type of staff for which responsible.

B. Money responsibility.

(i) Incidental expenditure, running expenditure,
cheque signing limit.

(ii) Capital expenditure limit.

(iii) Value of plant and equipment for which responsible.

(iv) Value of work or project for which responsible.

Policy respo.lsibility.

(0 Responsibility for technical decisions.

(ii) Connection with policy making.

(iii) Involvement in policy interpretation.

(iv) Safety decisions.

(v) Social responsibility and legal responsibility.

Detailed results are given in Appendix A9. It will be noted

that there is no reference to professional responsibility in the broad

sense in this section of the report. The subject of professionalism and

professional responsibility with respect to engineers is discussed in

Chapter 10.

When dealing with men we asked for information on the numbers

of men in defined categories for whom responsibility was taken. The

defined categories were unskilled staff, craftsmen and tradesmen,
technician, graduates, and managers and 5 year graduates. A value was

placed on each category, selected without systematic justification, but

based on a standard organisation structure, and a score was worked out

on the numbers of men and their arithmetic values.

Money responsibility, of for types was scaled on a non-linear

five point scale, values assigned and total scores worked out.

Policy responsibility of five types was scaled on a five point

semantic differential scale, values assigned and total sums worked.

These scales are recorded on page 12 of the copy Task Analysis
Questionnaire (Appendix 13) at the end of this report.



The scheme for rating had, therefore, many defects. The
three types of responsibility could not be grouped and their individual
scores totalled, because of the difficulty of weighting each of the
three types. Within responsibility for men the values assigned to
each type of staff were arbitrarily selected and the weightings open
to criticism. Within money responsibility the four scales were
assigned equal weight but could easily have been otherwise. In
addition the scales were non-linear but as a first approximation to
give direction rather than quantitative extent were scored linearly
for ease of operation. The same comments apply to the five scales
within policy responsibility.

In all therefore the scheme, whilst having the appearance of
quantitative accuracy was riddled with the inaccuracieJ associf...ted
with any subjective assessment or rating. This should be borne in
mind when drawing more than indications or general directions from
the data.

The tables presented in Appendix 9 show differences in
responsibility between various groups and different types of work.
Engineers as a group generally have much greater 'man respunsibility'
than have technicians. Within engineers those engaged on design work
have less 'man responsibility' than those engineers engaged on
construction and other work. Within the technician group those engaged
on construction appear to have slightly greater 'man responsibility'.
Table 8.1.12 which follows shows this.

TABLE 8.1.12.

NM/ vamimpl.l.MOV

MEAN RESPONSIBILITY SCORES FOR
ENGINEERS AND TECHNICIANS IN
VARIOUS TYPES OF WORK
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The table also shows that engineers and technicians working

in construction have greater 'money responsibility' than other groups

of engineers and technicians.

The results also indicate, as would be expected, that

responsibility increases with age for both engineers and technicians

(Table A9.5 of Appendix 9). Mean responsibility scores for engineers,
and for technicians for each of the salary ranges (Tables A9.7 and A9.8

of Appendix 9) show that the higher salary ranges are associated with

higher mean responsibility scores. This is not unexpected, but it
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give direction rather than quantitative extent were scored linearly
for ease of operation. The same comments apply to the five scales
within policy responsibility.

In all therefore the scheme, whilst having the appearance of
quantitative accuracy was riddled with the inaccuracies associated
with any subjective assessment or rating. This should be borne in
mind when drawing more than indications or general directions from
the data.

The tables prgesented in Appendix 9 show differences in
responsibility between various groups and different types of work.
Engineers as a group generally have much greater 'man responsibility'
than have technicians. Within engineers those engaged on design work
have less 'man responsibility' than those engineers engaged nn
construction and other work. Within the technician group those engaged
on construction appear to have slightly greater 'man responsibility'.
Table 8.1.12 which follows shows this.
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The table also shows that engineers and technicians working
in construction have greater 'money responsibility' than other groups
of engineers and technicians.

The results also indicate, as would be expected, that
responsibility increases with age for both engineers and technicians
(Table A9.5 of Appendix 9). Mean responsibility scores for engineers,
and for technicians for each of the salary ranges (Tables A9.7 and A9.8
of Appendix 9) show that the higher salary ranges are associated with
higher mean responsibility scores. This is not unexpected, but it
ices indicate that the system of scoring which has been devised has some
validity and that the differences observed between engineers and
technicians, and between construction work and design work mentioned
above are probably real.
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Clearly this has implications for curriculum construction in

vocational institutions which are interested in producing appropriately

trained individuals.

The purpose of examining the quel;tion of responsibility arose

out or the preliminary study of the 'on site' components that are

associated with a job in civil engineering. The real life job on the

site does not consist simply of knowing certain technical engineering

facts about an operation. This operation cannot be put into practice

without men, materials and equipment. Real life decisions are not

simple since the three factors impinge on each other and compete.

RerippLsibility for part of, or the whole of the decision-making

procsses is readily measured therefore by a combination of the levels

of responsibility given to and accepted by an individual for the

factors mentioned previously. Questions must therefore be asked as

to whether encumbents understand the diverse parts of a total

responsibility component in a civil engineering job and whether they

were trained or prepared in any way to assist them to accept such

responsibility. It har been argued by some that people vary because

of their genetic make-up, in ability to handle responsibility. This in

.cur view is not an answer, it merely avoids the argument. Some may

by virtue of their genetic make-up be better than others, or more

amenable or teachable than others. Some may be more keen or interested

to accept because of motivation, than others, but all such differences

are in lo way different from those associated with any natural ability

or motivation concerned with or related to a wide variety of acquirable

skills. Everyone cannot reach the standard of a concert pianist but

many can be taught to play an acceptable tune. The tone deaf or those

with manual deficiencies might, best be advised not to enter the field

as practitioners at all. It is probable that some skill in assuming

or accepting responsibility can be acquired by most people who are

so interested. One can also be taught to delegate authority, for some

it is a difficult skill to acquire but it can probably be taught.

Where or how is responsibility taught in the civil engineering

training? Where is practice given in decision taking? Perhaps the

only evidence that can be mustered concerns responsibility for technical

decision but it can be argued that the technical decisions made in a

traditional cour,:e of training are not real. If students think about

it at all they know that no steel will be erected, no concrete poured

on their design or construction problem decisions.

Therefore, even an understanding of the responsibility for

technical decisions can only come in real work situations and not

in the lecture, or whilst workinm on assignment.



8.1.7. Review of conclusions drawn from examination
of data gathered in Task Analysis Questionnaire.

Some attempt will now be made to gather together the main
points that have arisen as a result of analysing the data provided
by the Task Analysis Questionnaire.

8.1.7.1. Engineers - tasks

The average task profile of an engineer engaged on design
work appears to differ from that of an engineer engaged on con-
struction work. In the case of the latter, more time appears to be
spent on financial and management matters and less on technical
matters compared with the former. Similar indications arose when
the tasks of those employed by contractors were compared with the
tasks of those employed by consultants.

That such a difference between the tasks of design and
construction engineers exists has been suggested by individuals for
some time, but this is the first time as far as we know that quantit-
ative evidence has been assembled that confirms the difference.

For engineers as a group 58 per cent of their time is
spent on non-technical tasks, but this rises to 64 per cent for
construction engineers and drops to 46 per cent for design engineers.
The major difference in the non-technical items is in financial matters
and management matters, as mentioned earlier. The tasks of the
financial matters category consisted of estimating the costs of, and
costing work in progress, which for all types of engineer occupied
them to a significantly greater extent than either feasibility studies
or cost benefit analyses, either separately or in total. In the
management category of task all five sub-categories of activity
(Table A6.1 Appendix 6) were utilised.

Approximately ten per cent of the tasks ox engineers were
concerned with utilising manual skills, but differences in how this
time was spent were noted between construction engineers and design
engineers. The former spent 44 per cent and 48 per cent on drafting

roopoe tively.
and using survey instruments respectively, and the latter spent 70
per vent and 14 per cent on the two menuel nkil lm

Differences between the two groups of engineers exist aloe
in the technical items they use in their tasks.

Thus not only do the two groups have different task profiles,
the technical items they use are different. Clearly this has implications
for curriculum development.

The responsibility associated wi'L.h construction work appears
to be greater than that associated with design work, particularly with
respect to men, and also with respect to money.

8.1.7.2. Technicians - tasks

There appehrs to be little difference in the way time is
allocated to the various categories of task by the three groups of
technicians. For all technicians 26 ler cent of their time is spent
on non-technical tasks. Of these non - technical tasks estimating the
cost of, and costing work in progress were predominant in the
financial matters sub-category. In management tasks all sub-categories
were involved, but organising and directing occupied most time.

In the manual skills sub - category no surprises were revealed.
Design technicians were mainly occupied with drafting, but
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struction work. In the case of the latter, more time appears to be
spent on financial and management matters and less on technical
matters compared with the former. Similar indications arose when
the tasks of those employed by contractors were compared with the
tasks of those employed by consultants.

That such a difference between the tasks of design and
construction engineers exists has been suggested by individuals for
some time, but this is the first time as far as we know that quantit-
ative evidence has been assembled that confirms the difference.

For engineers as a group 58 per cent of their time is
spent on non-technical tasks, but this rises to 64 per cent for
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time was spent were noted between construction engineers and design
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Differences between the two groups of engineers exist alt
in the technical items they use in their tasks.

Thus not only do the two groups have different task profiles,
the technical items they use are different. Clearly this has implications
for curriculum development.

The responsibility associated with construction work appears
to be greater than that associated with design work, particularly with
respect to men, and also with respect to money.

.1.7.2. Technician - tasks

There appears to be little difforence in the way time is
allocated to the various categories of task by the three groups of
technicians. For all technicians 26 per cent of their time is spent
on non-technical tasks. Of these non-technical tasks estimating the
cost of, and costing work in progress were predominant in the
financial matters sub-category. In management tasks all sub-categories
were involved, but organising and directing occupied most time.

In the manual skills sub-category no surprises were revealed.
Design technicians were mainly occupied with drafting, but
the use of survey instruments occupied a not inconsiderable time



(84 per cent for drafting and 11 per cent for survey instrument
use); for construction and 'other work' technicians the time dis-
tribution was different (32 per cent and 17 per cent, and 41 per
cent and 19 per cent respectively). In these two latter groups of
technicians laboratory work occupied 39 per cent and 28 per cent
respectively. Thus a technician in design work is almost exclus-
ively occupied with drafting, but all other technicians in the
survey spent, very roughly, one third, one thirdliand one quarter
of their time on drafting, using laboratory apparatus and using
survey instruments respectively. The implications of this for
technician certificate courses in the industry are obviOus.

The technical items used by technicians differ depend-
ing on whether they are design tecnnicians, construction technicians
or engaged on 'other work'. However, these items have a closer
relationship with the engineers in their type of work group rather
than with each other. This is readily understood when the object-
ives of technician training, and the technicians' role as support
staff are remembered. Does this mean it may not be all that diffi-
cult for a techllician to acquire the knowledge and skills to become
an engineer within a particular type of work grouping, once he has
acquired same knowledge and skills in that type of work?

The responsibility associated with construction work
appears to be greater than that associated with design work, with
resp #ct to both men and money.

Engineers compared with Technicians - tasks

The work of the group of technicians has a similar technical
matters element to the work of the group of engineers, but a smaller
range of technical items is used by the technician group than by the
engineer group. Only about 12 per cent of the technical items listed
in the questi'nnaire were used by the technician group compared with
34 per cent by engineers. In addition, for technicians around 60
per cent of the total items that are used by them have 10 per cent
or less usage, and for engineers around 20 per cent of the items
that are used by them have 10 per cent or less usage. Table 8.1.13.
shows this.

TABLE 8.1.13. NUMBER OF TECHNICAL ITEMS WITH
FREQUENCY OF 10% OR LESS OF 'n'

Number of items with
frequency 10% of
maximum frequency (n)

% of total
63 items

Engineers
- design
- construction
- other work

Technicians
- design

(-onstruction
- other work

60
92
)0

98
17
15

8
13
13

4o
41

37

ri=11..M.MI=.1.=11

13%
21
21

63
65
59

Generally, therefore, it can be said that engineers use
more technical items more often than technicians, but a substantial

1



of their time on drafting, using laboratory apparatus and uslng
survey instruments respectively. The implications of this for
technician certificate courses in the industry are obvious.

The technical items used by technicians differ depend-
ing on whether they are design technicians, construction technicians

or engaged on 'other work'. However, these items have a closer
relationship with the engineers in their type of work group rather
than with each other. This is readily understood when the object-
ives of technician training, and the technicians' role as support

staff are remembered. Does this mean it may not be all that diffi-
cult for a technician to acquire tic: knowledge and skills to become

an engineer within a particular type of work grouping, once he has
acquired some knowledge and skills in that type of work?

The responsibility associated with construction work
appears to be greater than that associated with design work, with

resp-ct to both men and money.

8.1.7.3. Engineers compared with Technicians - tasks

The work of the group of technicians has a similar technical
matters element to the work of the group of engineers, but a smaller
range of technical items is used by the technician group than by the

engineer group. Onlv about 12 per cent of the technical items listed
in the questilnnaie here used by the technician group compared with
34 per cent by engineers. In addition, for technicians around 60
per cent of the total items that are used by them have 10 per cent
or less usage, and for engineers around 20 per cent of the items
that are used by them have 10 per cent or less usage. Table 8.1.13.

shows this.

TABLE 8.1.11. NUMBER OF TECHNICAL ITEMS WIT:.
FREQUENCY....M-02LIZE01:21:0

'n'

Number of items with
frequency 10% of
maximum frequency (n)

% of total
63 items

Engineers
- design 60 8 13%

- construction 92 13 21

- other work 50 13 21

Technicians
- design 98 40 63

- construction 17 41 65

- o't.her work 15 1)7 59

Generally, therefore, it can be said that engineers use
more technical items more often tnan technicians, but a substantial
number A' items get little use. What implication has this for the
content and structure of curricula?

of rrl-vance whr. conid,?ring .tent is the almo:t
excl..;d,! indication that only a general lave of kn,JwIedge of most
technical items is needed in performing the --ks in civil engineer-
ing jobs.



The technician group spend much more time utilising manual
skills than does the engineers group - 41 per cent for technicians ani

9 per cent for engineers.

The question remains however, apart from systematic ex-
perience, how much really separated the technician from the engineer,
and is this separation measured in terms of what they are capable of

doing or by some convenient, if unnecessary yardstick (such as what
qualifications did they obtain a decade ago) in order to restrict
artificially promotion from'technician to engineer.

8.1.7.4. Training Analysis - Engineers, Technicians

The pattern of opinion that emerges from an examination of

the data related to training suggest that technical matters and
manual skills were emphasised in the formal post-secondary training
of respondents but even so practical experience considered deficient

was of 'very much' importance in acquiring the skill. Other categor-
ies of task, viz., financial, communication, and management were
generally not dealt with in training and because of this practical
experience was rated of 'very much' importance in acquiring skill

related to the task.

When asked to nominate the best pattern of training for
acquiring knowledge required for the performance of the various
categories of task, even though eight alternative methods were
listed the results reflected traditional thinking, i.e. for technical
skills a degree should be obtained full-time and a certificate, part -

time. For manual skills T.W.I. (training within industry) receives
as much support as the traditional part-time pattern. Short intensive
courses and T.W.I. are generally nominated for other categories of
tasks although those with engineering degrees rank economic/financial
matters worthy of inclusion in the full-time course, equally with the
T.W.I. pattern or short intensive course pattern of training.

A related question asking respondents to nominate the best
ways of acquiring knowledge for performance of the task also re-
flected traditional thinking and live lectures were most frequently

nominated as first-choice. There was some spread of answers for
second choice, tutorials, on the job instruction, demonstration,
practical job experience, and practical/field work all being selected,

but for third choice practical job experience was almost exclusively
nominated by all respondents across all categories of task.

This must confirm once again the view that a combination
co'irse of theory and practical job experience is thought to be the
superior method of organizing engineering training, or perhaps any

type of vocational training. Fron curriculum consideration, however,
it remains to be decided whether these should be concurrent or sequential.

8.1.7.3. Open-ended questions

The important part of this section in the questionnaire
related to deficiencies in training, and skills acquired through
necessity. The main deficiencies, in order of decreasing nomination,

were skills and knowledge related to management, financial, communication,
and practical work.

The fact that the first three items are listed is perhaps
understandable, but lack of practical work should not occupy any
position in the list, let alone the fourth position. This must reflect

on the training that engineers and technicians in the study received.



doing or by some convenient, if unnecessary yardstick (such as what
qualifications did they obtain a decade ago) in order to restrict
artificially promotion from technician to engineer.

8.1.7.4. Training Analysis - Engineers, Technicians

The pattern of opinion that emerges from an examination of

the data related to training suggests that technical matters and
manual skills were emphasised in the formal post-secondary training
of respondents but even so practical experience considered deficient

was cc 'very much' importance in acquiring the skill. Other categor-
ies of task, viz., financial, communication, and management were
generally not dealt with in training and because of this practical
experience was rated of 'very much' importance in acquiring skill

related to the task.

When asked to nominate the best pattern of training for
acquiring knowledge required for the performance of the various
categories of task, even though eight alternative methods were
listed the results reflected traditional thinking, i.e.-for technical
skills a degree should be obtained full-time and a certificate, part-

time. For manual skills T.W.I. (training within industry) receives
as much support as the traditional part-time pattern. Short intensive

courses and T.W.I. are generally nominated for other categories of
tasks although those with engineering degrees rank economic/financial
matters worthy of inclusion in the full-time course, equally with the
T.W.I. pattern or short intensive course pattern of training.

A related question asking respondents to nominate the best
ways of acquiring knowledge for performance of the task also re-
flected traditional thinking and live lectures were most frequently
nominated as first-choice. There was some spread of answers for
second choice, tutorials, on the job instruction, demonstration,
practical job experience, and practical/field work all being selected,

but for third choice practical job experience was almost exclusively
nominated by all respondents across all categories of task.

This must confirm once again the view that a combination
course of theory ani practical job experience is thought to be the
superior method of organizing engineering training, or perhaps any

type of vocational training. From curriculum consideration, however,
it remains to be decided whether these should be concurrent or sequential.

8.1.7.3. Open-ended questions

The important part of this section in the questionnaire
related to deficiencies in training, and skills acquired through

necessity. The main deficiencies, in order of decreasing nomination,

were skills and knowledge related to management, financial, communication,
and practical work.

The fact that the first three items are listed is perhaps
understandable, but lack of practical work should not occupy any
position in the list, let alone the fourth position. This must reflect

on the training that engineers and technicians in the study received.
Admittedly no training can provide exposure to all the practical

problems likely to be met in a real work situation, but it might be

expected to provide a great deal of it. This could imply that practical
training should run concurrently with the theoretical content of the

curriculum.



8.2. CURRICULUM UESTIONNAIRE

Tice Curriculum iuesliunh4irs wA3 developed by the staff of the
N.S.A. In6titute of Thnology, Ahd intehded examine respondents
use of, and the importance they attached to the "elements" of civil
engineering knowledge associated with that section of a course dealing
with structural design. (Chap. 6.1.2.).

It was decided after the gaestioahaire had been edited and the
data transferred to punch cards that the analysis would be carried out
by the Institute (Chap. 7.3.). The reason for this was that the staff
of the Registrar's Department, Education Research Unit, and the staff
of the School of Civil Engineering at the Institute who had been
primarily responsible for the questionnaire were thought to be best
suited to carry out the data analysis. At the same time it was thought
this wo.id divert work from the already over-loaded computer facility
at MacIlmrie University to the computer facility at the N.S.W. Institute
of Technology and thus facilitate data processing.

For a variety of reasons, however, this work has not yet been
finished. Inerefore, in order not to delay the printing of the report
of tno maln work cf the survey it ias been agreed that the findings of
the analyio of the data obtained .y the Curriculum Questionnaire will
be re;,1rted separately as Volume Two later in the year.

E.3. &I',01' CONCERNED WiTH FOrifIEN

5.3.1. Fo:.emen in CivilEngineeling

A key person .7 civil engineering construction activity is the
foreman. A major construction site General Foreman has wide
responsibility for men, money and materials, and his position in the
management hierarchy reflects this. Reporting to him are the foremen
responsible for the different sections of the project. Together, this
body of men is concerned with executing the work in such fashion that
time and money targets are achieved, and design requirements and safe
construction codes are complied with.

Thus foremen are an important segment of the entire labour force
engaged in civil engineering. The question we had to decide was
whether they came within the scope of this present research. It
seemed that General Foremen certainly did, both from the nature of
their work and from the salaries they were paid, and they were therefore
included in the main research as part of the technician population.
When it came to the ordinary foreman, supervisor, etc., we were
undecided whether or not to include him in the survey. Our indecision
was caused by interviews with foremen conducted during the preliminary
phase of the study. It was clear that this group was comprised of
able men many of whom had not had the opportunity of proceeding to
tertiary study and had followed the traditional apprenticeship route.
Claims are now made that this route is now followed by a less able
group than hitherto because of the wider opportunities for tertiary
education based on "comprehensive" secondary education. If fewer
foremen are produced from traditional sources,where might they be
recruited from - future certificate or diploma courses?

This indecision was resolved by deciding not to include the
foreman in the main survey but to include him in a smaller more simple
study. Thus the sample of foremen selected was smaller, a shorter
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It was decided after the questionnaire had been edited and the
data transferred to punch cards that the analysis would be carried out
by the Institute (O4ap I ) The reason for this was that the staff
of the Registrar's Department, Education Research Unit, and the staff
of the School of Civil Engineering at the Institute who had been
primarily responsible for the questionnaire were thought to be best
suited to carry out the data analysis. At the same time it was thought
this would divert work from the already over-loaded computer facility
at MacTi-Arie University to the computer facility at the N.S.W. Institute
of Technology and thus facilitate onto prooessing.

For a variety of reasons, however, this work has not yet been
finitled. Therefore, in order not to delay the printing of the report
of tne maln work of the survey it has been agreed that the findings of
the ahaly,iis of the data obtained by the Curriculum Questionnaire will
be rep)rted separately as Volume Two later in the year.

8.3. :;TlillY CONCERNED WITH FO.EN

Fof.,7>men in Civil lovei.ncerilis

A key person .: civil engineering construction activity is the
foreman. A major construction site General Foreman has wide
responsibility for men, money and materials, and his position in the
management hierarchy reflects this. Reporting to him are the foremen
responsible for the different sections of the project. Together, this
body of men is concerned with executing the work in such fashion that
time and money targets are achieved, and design requirements and safe
construction codes are complied with.

Thus foremen are an important segment of the entire labour force
engaged in civil engineering. The question we had to decide was
whether they came within the scope of this present research. It
seemed that General Foremen certainly did, both from the nature of
their work and from the salaries they were paid, and they were therefore
included in the main research as part of the technician population.
When it came to the ordinary foreman, supervisor, etc., we were
undecided whether or not to include him in the survey. Our indecision
was caused by interviews with foremen conducted during the preliminary
phase of the study. It was clear that this group was comprised of
able men many of whom had not had the opportunity of proceeding to
tertiary study and had followed the traditional apprenticeship route.
Claims are now made that this route is now followed by a less able
group than hitherto because of the wider opportunities for tertiary
edudation based on "comprehensive" secondary education. If fewer
foremen are produced from traditional sources,where might they be
recruited from - future certificate or diploma courses?

This indecision was resolved by deciding not to include the
foreman in the main survey but to include him in a smaller more simple
study. Thus the sample of foremen selected was smaller, a shorter
questionnaire was developed, and our whole approach to this small
sub-study was, in today's terms, "low key".

Information concerning the sub-population of foremen was collected
at the same time as that concerning the overall population of civil
engineers and technicians. It was agreed that .cr this homogeneous
sub-population a lower rate of sampling could be used even allowing for

87.



the expected poor response due to the outdoor nature of the foreman's
work and the difficulty of reaching him. A figure of 10 percent
(300 on 3009) was decided upon. Even if a low response was obtained
it was thought this could provide some useful preliminary data.

The response to the questionnaire was 74 out of a total of 345
distributed, i.e. 21 percent.

The same standards of accuracy were applied to collecting the
data, editing the questionnaires, card punehing, data processihg,
etc., as were applied to the main study.

8.3.2. Characteristics of the Respondents as a Group

Details of the characteristics of the group of respondents are
provided in Appendix 11. The five tables presented in the appendix
show the distribution of the group over type of employer, the age
distribution, the employment pattern, the formal training and where
the course of formal training was completed.

The main observations which can be made about the group of
respondents are:

a) a large percentage (85%) are employed by government bodies of
one sort or another.

b) the age distribution may reflect the depression period and World
War II period and the effects of those two events on careers open to
school leavers at those times. It has been predicted that with
the freer availability of post-school education and training of one
sort or another the traditional source of foremen will dry up.
However, foremen will continue to be needed whether called by another
name, and trained in a more formal way. The marked cut-off beloar age
31 may indicate persons below this age do not have sufficient
experience to be a foreman.

c) there is a tendency for foremen to stay in a job for many years.
This may be related to the predominance of government employment.

d) promotion to foreman comes only after several years employment in
the industry. This confirms the view expressed at the end of 'b' above.

e) slightly more than half, forty (54%), had completed formal training,
eight of the forty had two qualifications, and of these eight, seven
had a foreman/overseer certificate and a trade certificate, either
one as a first qualification.

f) the majority by far, of those who had certificate qualifications
had completed this in a technical college in N.S.W. (N.B. Initial
sample limited to N.S.W.).

8.3.3. Elements of Technical aid Other Knowledge Used Durin Job Activities

The main part of the questionnaire distributed to foremen sought
information on the usage, the importance, and the level of knowledge or
understanding of a list of "elements" of civil engineering. This list
comprised technically oriented items, e.g. "placing concrete under
water", management oriented items, e.g. "planning a simple construction
job" and items such as "interpretation of contracts" and "report writing".
The list was kept short and totalled 76 items. Each item consisted of a
simele ,mb4 , ^0 , ,



The same standards of accuracy were applied to collecting the
data, editing the questionnaires, card punching, data processing,
etc., as were applied to the main study.

8.3.2: Characteristics of the Res ondents as a Grou

Details of the characteristics of the group of respondents are
provided in Appendix 11. The five tables presented in the appendix
show the distribution of the group over type of employer, the age
distribution, the employm nt pattern, the formal training and where
the course of formal training was completed.

The main observations which can be made about the group of
respondents are:

a) a large percentage (85%) are employed by government bodies of
one sort or another.

b) the age distribution may reflect the depression period and World
War II period and the effects of those two events on careers open to
school leavers at those times. It has been predicted that with
the freer availability of post-school education and training of one
sort or another the traditional source of foremen will dry up.
However, foremen will continue to be needed whether called by another
name, and trained in a more formal way. The marked cut-off below age
31 may indicate persons below this age do not have sufficient
experience to be a foreman.

c) there is a tendency for foremen to stay in a job for many years.
This may be related to the predominance of government employment.

d) promotion to foreman comes only after several years employment in
the industry. This confirms the view expressed at the end of 'b' above.

e) slightly more than half, forty (54'0, had completed formal training,
eight of the forty had two qualifications, and of these eight, seven
had a foreman/overseer certificate and a trade certificate, either
one as a first qualification.

f) the majority by far, of those who had certificate qualifications
had completed this in a technical college in N.S.W. (N.B. Initial
sample limited to N.S.W.).

8.3.3. Elements of Technical and Other Knowledge Used During Job Activities

The main part of the questionnaire distributed to foremen sought
information on the usage, the importance, and the level of knowledge or
understanding of a list of "elements" of civil engineering. This list
comprised technically oriented items, e.g. "placing concrete under
water", management oriented items, e.g. "planning a simple construction
job" and items such as "interpretation of contracts" and "eport writing".
The list was kept short and totalled 76 items. Each item consisted of a
simple unambiguous phrase of a few words. Answers to each ,f the questions
on usage, importance and level of knowledge were indicated, after reference
to detailed instruction, by selecting numbers from 4 point; 4 point and
5 point scales respectively. The instructions to the respondents



concerning these scales were as follows:

a) Usage: -

1. would indicate that you spent almost all your time
using that element

2. would indicate that you spent more than half of your time
using that element

3. would indicate that you spent less than half your time
using that element

4. would indicate that you spend almost no time using that
element

b) Importance: -

1. would indicate that the element was very important to
your job

2. would indicate that the element was important to your job

3. would indicate that the element was not very important
to your job

4. would indicate that the element was not important to your
job at all.

c) Knowledge: -

1. indicates complete theoretical and working knowledge

2. indicate: knowledge of principles only

3. indicates practical working knowledge

4. indicates basic facts only

5. indicates no knowledge of element required for your job.

A little less than ten per cent of the respondents did not
reply to this section at all and the non-answers rose slightly
when passing from column A, to column B, to column C. There
appeared to be no falling off in the answer rate towards the end
of the list.

The results have been analysed simply by constructing a table
with the most frequently used "elements" at the top of the list
followed by other "elements" in order of decreasing usage. The
table has been limited in length. In addition a short table has
been formed of those items which are least used.

Two similar tables have been constructed from the data
concerning the importance attached to the item or "element".

From the two tables, "elements" most frequently used, and
"elements" of most importance, a short combined list has been
prepared of those "elements" in a construction foreman's work that
he used most, and to which he attaches most importance.

The basic lists *re detailed in Appendix 11. The short
combination list is given below, with no significance attached to the



order of listing:.

TABLE 8.1.1, LIST OF "ELEMENTS" MOST USED AND OF MOST IMPORTANCE.

Safety regulations
Solving problems
Plant
Planning a simple construction job
Training workers on the job
Various aspects of concrete
Developing group morale
Report-writing
Book and record keeping
Calculations concerning reduced levels.

In general the spread of frequencies over the importance aspect of
each "element" suggested that the people engaged in those jobs attach
importance to more items than they actually use. Perhaps the book of
knowledge or information concerning the job needs to be larger and
fuller than they actually need most of the time.

The third question we asked concerning each "element" of
knowledge was the level of knowledge required. With respect to each
of the above items the frequency of answering was as follows:

TABLE 8.3.2.

Element
1 2

Level of Knowledge
3 4 5 No answer

Safety regulation 31 5 29 3 1 5

Solving problems 22 6 33 4 2 7

Plant 32 4 29 2 2 5

Planning a construction job 37 5 22 4 2 4

Training workers on job 24 4 28 4 5 9

Developing group morale 14 10 29 10 6 5

Report-writing 0
22 8 23 5 5 11

Various aspects of )

concrete (12 items) )

averaged as follows:-)
17 6 26 8 9 8

Lowest ranking item
(max. score under column
headed by 5) 2 3 7, 21 8



Solving problems
Plant
Planning a simple construction job
Training workers on the job
Various aspects of concrete
Developing group morale
Report-writing
Book and record keeping
Calculations concerning reduced levels.

In general the spread of frequencies over th6, importance aspect of
each "element" suggested that the people engaged in those jobs attach
importance to more items than they actually use. Perhaps the book of
knowledge or information concerning the job neeas to be larger and
fuller than they actually need most of the time.

The third question we asked concerning each "element" of
knowledge was the level of knowledge requirtA. With respect to each
of the above items the frequency of answering was as follows:

TABLE 8.3.2.

Element
1 2

Level of Knowledge
3 4 5 No answer

Safety regulation 31 5 29 3 1 5

Solving problems 22 6 33 4 2 7

Plant 32 4 29 2 2 5

Planning a construction job 37 5 22 4 2 4

Training workers on job 24 4 28 4 5 9

Dcveloping group morale 14 10 29 10 6 5
..Report-writing 22 8 23 5 5 11

Various aspects of )

concrete (12 items) )

averaged as follows:-)
17 6 26 8 9 8

Lowest ranking item
(max. score under column
headed by 5) 2 3 5 21 35 8

1 indicates complete theoretical and working knowledge
2 indicates knowledge of principles only
3 indicates practical working knowledge
4 indicates basic facts only
5 indicates no knowledge of element required for your job.



The conclusion to be drawn from this seems to be that where
an item is considered important opinion is split roughly equally
on whether a complete theoretical and working knowledge (1) or
only a working knowledge (3) is required.

Much criticism can be levelled at the width of interpretations
of such phrases as "solving problems", "planning a simple construction
job", and "plant". Criticism of the terms used to subdivide the
frequency of usage, degree of importance, and level of knowledge
scales can also be made but pilot testing indicated the terms were
understood. Further questions seeking inforlation on how
a foreman's working time was spent appeared on pages 8 and 9 of
the questionnaire. The answers showed:-

a) most of his time was spent supervising people and
dealing with problems associated with the nature of
the work.

b) a significant amount of time was spent policing
safety regulations.

c) from less than half to very little of his time was
spent on writing and reading letters and reports, etc.,
very little time on industrial relations, and problems
connected with the work force, disputes, wages.

d) on the subject of communication, this was effected
almost axclusively by talking.

Whilst the questions in this particular section were few
in number and specific, the answers do, nevertheless, substantiate
the conclusions reached from studying the answers to questions
on the usage and importance of certain items of technical and
other civil engineering knowledge discussed earlier.

8.3.4. A Foreman's®Job

Summarising, one can say that a foreman's Job in 1972
consisted of:-

a) supervising people and work
b) being concerned with safety and regulations

concerning safety'
c) solving problems
d) being concerned with plant and equipment
e) planning
f) training workers
g) group morale
h) report writing
i) all aspects of concrete

Examining this list one must conclude that a foreman's work

is largely managerial in nature. Supervision must consist mainly
of activities normally labelled management, but we were not prepared

for such a clear cut picture as was obtained. In a nutshell the

foreman's work is Management, Safety and Concrete.

All reference to responsibility was kept out of the questionnaire
sent to ...premen but this is not to say that responsibility is not

an important factor in a foreman's work; just the opposite, and



of such phrases as "solving problems", "planning a simple construction
job", and "plant". Criticism of the terms used to subdivide the
frequency of usage, degree of importance, and level of knowledge
scales can also be made but pilot testing indicated the terms were
understood. Further questions seeking intonation on how
a foreman's working time was spent appeared on pages 8 and 9 of
the questionnaire. The answers showed:-

a) most of his time was spent supervising people and
dealing with problems associated with the nature of
the work.

b) a significant amount of time was spent policing
safety regulations.

c) from less than half to very little of his time was
spent on writing and reading letters and reports, etc.,
very little time on industrial relations, and problems
connected with the work force, disputes, wages.

d) on the subject of communication, this was effected
almost exclusively by talking.

Whilst the questions in this particular section were few
in number and spe.,,ific, the answers do, nevertheless, substantiate
the conclusions reached from studying the answers to questions
on the usage and importance of certain items of technical and
other civil engineering knowledge discussed earlier.

LIal A Foreman's Job

Summarising, one can say that a foreman's job in 1972
consisted of:-

a) supervising people and work
b) being concerned with safety and regulations

concerning safety
c) solving problems
d) being concerned with plant and equipment
e) planning
f) training workers
g) group morale
h) report writing
i) all aspects of concrete

Examining this list one must conclude that a foreman's work

is largely managerial in nature. Supervision must consist mainly
of activities normally labelled management, but we were not prepared

for such a clear cut picture as was obtained. In a nutshell the

foreman's work is Management, Safety and Concrete.

All reference to responsibility was kept out of the questionnaire
sent to foremen but this is not to say that responsibility is not

an important factor in a foreman's work; just the opposite, and
foremen are well aware of this. A job concerned with supervising
men and work must involve accepting responsibility. This was
discussed at length at a forum organised recently at the University



of N.S.W. by the 'Australian Institute of Construction Supervisors.
G. Kavanaugh-Randells Pest President, Australian Institute of
Construction Supervisors, himself a construction supervisor, said
at this forum,

"It has been said that responsibility must be balanced by
authority, and an examination of authority given may well
define responsibility. In my position the authority of
innovation is seldom given and therefore, my responsibility
in the areas, of design, introduction of new techniques,
or of change in procedure is almost zero. My powers of
co-ordination are limited to the work force or to the work
site except by special delegation which limits my
responsibility in this respect to one of co-operation.
This leaves two recognized areas of authority - directing
and controlling. Directing is a command function designed
to attain a pre-conceived objective, and I not only give
direction, but I also delegate and sustain directing
authority through-out the ranks, this being bounded by area,
by my personal efficiency and by the amount of responsibility
I am prepared to accept. Complementary to this, is the
authority of control, a policing function by which activities
are kept within desired bounds, and by which sanctions may
be applied to maintain production."

Clearly then foremen, or supervisors in civil engineering,
as a body, are well aware of the responsibility factor in their
work. It has been said that the worst thing that can happen to
a foreman is to have a man killed whilst working on the site.
Stich responsibility is at a high level and is reflected in the
impori,ance attached to safety and safety regulations by respondents
to our questionnaire.

8.3.5. Training of Foremen

The views cn how someone should be trained for their job
ranked as follows:-

1) Part-time course followed by full-time practical
experience.

2) Full-time formal course.

3) Full-time followed by part-time course.

4) Short intensive course.

5) Training within industry.

6) Correspondence.

7) Self-learning.

Experience of formal class-room teaching was high and
suggested the preference ranking above was based on first hand
knowledge of the benefits of formal training. In fact, training
was rated of great value generally. However, when examined on
how they had been trained, the majority of the respondents had
received 'on the job training' or had 'picked it up as they went
along.' Only about thirty percent had received formal training
and most of these in recent years. There was a wide variety of
courses included in the term 'formal training' and only seventeen
of the seventy-four (23Jatid completed a recognized foreman's
courRe. When w Ir^rIA ". .



define responsibility: In .may position the authority of
innovation is seldom given and therefore, my-responsibility
in the areas, of design, introduction of new techniques,
or of change in procedure is almost zero. My powers of
co-ordination are limited to the work force or to the work
site except by special delegation which limits my
responsibility in this respect to one of co-operation.
This leaves two recognized areas of authority - directing
and controlling. Directing 1.14 a command function designed
to attain a pre-conceived objective, and I not only give
direction, but I also delegate and sustain directing
authority through-out the ranks, this being bounded by area,
by my personal efficiency and by the amount of responsibility
I am prepared to accept. Complementary to this, is the
authority of control, a policing function by which activities
are kept within desired bounds, and by which sanctions may
be applied to maintain production."

Clearly then foremen, or supervisors in civil engineering,
as a body, are well aware of the responsibility factor in their
work. It has been said that the worst thing that can happen to
a foreman is to have a man killed whilst working on the site.
Such responsibility is at a high level and is reflected in the
importance attached to safety and safety regulations by respondents
to our questionnaire.

8.3.5., Training of Foremen

The views on how someone should be trained for their job
ranked as follows:-

1) Part-time course followed by full-time practical
experience.

2) Full-time formal course.

3) Full-time followed by part-time course.

4) Short intensive course.

5) Training within industry.

6) Correspondence.

7) Self-learning.

Experience of formal class-room teaching was high and
suggested the preference ranking above was based on first hand
knowledge of the benefits of formal training. In fact, training
was rated of great value generally. However, when examined on
how they had been trained, the majority of the respondents had
received 'on the job training' or had 'picked it up as they went
along.' Only about thirty percent had received formal training
and most of these in recent years. There was a wide variety of
coursed included in the term 'formal training' and only seventeen
of the seventy-four (23%) had completed a recognized foreman's
course. When respondents were asked about their employers'
attitudes to courses for foremen, sixty percent believed their
employer gave encouragement and full support. When asked if
they thought there was any alternative to learning a foreman's
job other than practical experience, seventy percent said 'No'.
Practical experience in combination with a theoretical course was
the predominant alternative selected by the other thirty percent.

"Areas of Redponsibility in the Construction Industry"
Construction Supervisor. p.19-25, Vol. 6. August, 1972.
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An important question concerned topics the respondent thought

he would have benefited from knowing more about them. Forty out

of the seventy-four subjects replied to this question. As would be
expected, the range of topics mentioned was wide but it has been

possible to classify them broadly. Whilst the groups have no
equivalence, they nevertheless show where deficiencies lie.

The list in order of frequency of mention is:-

Surveying/practical surveying
Human relations /psychology
Management
Accountinecostings/costs
Technical items e.g. concrete, soil mechanics,

explosives, public health,sewerage treatment,

water supply, drilling, piers, caissons

Report writing
Mathematics
Contracts, contract law, interpretation

In case it be thought that respondents answering this

question were merely reflecting their own lack of formal training,

thirty out of the forty replying had formal qualifications;
the other ten had none. One could conclude that those respondents
replying were perhaps more aware of deficiencies, and perhaps
even more aware of the need for and value of formal training.

Five of this group of forty said they would have liked the
oppv,rtunity to progress to a higher qualification e.g. diploma

or degree.

One comment that gave pleasure stated - "more surveys of

this sort to collate the thinking of up-and-coming foremen" would

give benefit. Gone engineer's during the early interview stages of

the project made comments to the same effect. The questions had

caused them to examine more closely what they were doing and they

derived considerable benefit and satisfaction from this.

The penultimate question sought general information and was

worded, "Please tell us as much as you can about a foreman's

job and the training he should receive - you are expert in this

type of work and in a position to tell us." Such a question invited

a flood of comment and we acre not disappointed. A summary of

this comment would read - junior management in a technology-based

industry. There were variations depending on whether, for example,

Local Government, or Construction Company were the employer but

these were slight. The work is essentially practical in nature

and where technical knowledge is needed, it is practical knowledge

rather than theoretical knowledge e.g. soils, concrete. Precisely

what is meant by practical knowledge may be open to discussion but

it is taken to mean knowledge about doing things and having

knowledge about materials and operations that can spoil the end result.

Theoretical knowledge often deals with the ideal, practical knowledge

with the less than ideal, what makes it less than ideal, and how

the 'idealnese can be maximised. Experience counts a great deal,

but perhaps this is the only way of acquiring the exposure to and

knowledge of management ideas, and also the practical training.

Responsibility received fair mention and items such as Waging coat
p. - it i p A,, 6 ,



The list in order of frequency of mention is:.

Surveying/practical surveying
Rumen relations/psychology
Management
Accounting/costings/costs
Technical items e.g. concrete, soil mechanics,

explosives, public health,sewerage treatment,

water supply, drilling, piers, caissons

Report writing
Mathematics
Contracts, contract law, interpretation

In case it be thought that respondents answering this

question were merely reflecting their own lack of formal training,

thirty out of the forty replying had formal qualifications;
the other ten had none. One could conclude that those respondents
replying were perhaps more aware of deficiencies, and perhaps
even more aware of the need for and value of formal training.

Five of this group of forty said they would have liked the
opportunity to progress to a higher qualification e.g. diploma

or degree.

One comment that gave pleasure stated - "more surveys of

this sort to collate the thinking of up-and-coming foremen" would

give benefit. Some engineer's during the early interview stages of

the project made comments to the same effect. The questions had

caused them to examine more closely what they were doing and they

derived considerable benefit and satisfaction from this.

The penultimate question sought general information and was

worded, "Please tell us as much as you can about a foreman's

job and the training he should receive - you are expert in this

type of work and in a position to tell us." Such a question invited

a flood of comment and we were not disappointed. A summary of

this comment would read . junior management in a technology-based

industry. There were variations depending on whether, for example,

Local Government, or Construction Company were the employer but

these were slight. The work is essentially practical in nature

and where technical knowledge is needed, it is practical knowledge

rather than theoretical knowledge e.g. soils, concrete. Precisely

what is meant by practical knowledge may be open to discussion but

it is taken to mean knowledge about doing things and having

knowledge about materials and operations that can spoil the end result.

Theoretical knowledge often deals with the ideal, practical knowledge

with the less than ideal, what makes it less than ideal, and how

the 'idealness° can be maximised. Experience counts a great deal,

but perhaps this is the only way of acquiring the exposure to and

knowledge of management ideas, and also the practical training.
Responsibility received fair mention and items such as keeping cost

accounts and writing repurts are frequently instanced. In the end,

however, the overiding impression is of work in which resources -

men, materials, and time are controlled and directed towards

achieving objectives of a technical nature e.g. the construction of

a concrete bridge, and in the achieving of tills, problems have to

be overcome, men have to be preserved from leaser and much mechanical

equipment is employed.



To conclude the questionnaire we Le.;ted the idea we had

developed early in the study that many construction foremen were

originally carpenters, and solicited tile reasons for this. The

following table summarises the respohso to this.

TABLE 8.3.3.a. RESPONSE TO PREMISE TABLE 8.3.3.b. REASON IF IN
AGREEMENT,/OR NOT

No answer 13 No opinion, no answer 41

No - disagree 19 Carpenters have broader
contacts with other
trades and their methods. 10

Yes - agree 33 Nature of a foreman's job. 5

Don't know 5 Civil engineering' is
based on the typt. f work
a carpenter does, hand
construction work. 15

In certain areas only A carpenter's job lasts
only 2-3 years on a large
site and he therefore
Lakes jobs with other
tradesmen and gains inside
knowledge. 1

Not necessarily so 1 Carpenters work for
themselves at one stare
and employers know they
can be relied on. 1

Unclassifiable 1 Dependant on area of workil
74

OW
74

Our conclusion is that the premise that training for a foreman's

job is normally via a carpenter's apprenticeship is not conclusively

proven. It may have been the most popular route in the past, and

in fact, almost all the respondents agreeing with this premise were

over forty years of age. However, not all men over forty thought

this was the case.

8.3.6. Conclusion

I

We must emphasise again that the study of foremen was carried

out with less intensity than the main study, but the evidence
suggests that when we widened our definition of a technician to include

people using management techniques and so brought the construction
foremen into the scope of the study we were correct in doing so.
Construction foremen are an important sector of the population of
skilled people working in civil engineering, they are technicians



TABLE 8.3.3.a. RESPONSE TO PREMISE TABLE 8.3.30a. -REASON IF-INL
AGREEMENT, /OR NOT

No answer 13 No opinion, no answer

No - disagree

Yes - agree

19

33

Carpenters have broader
contacts with other
trades and their methods,

Nature of a foreman's job.

Don't know 5

1

Civil engineering is
based on the type of work
a carpenter does, hand
construction work.

In certain areas only 2 A carpenter's job lasts
lonly 2-3 years on a large
site and he therefor.
wakes jobs with other
tradesmen and gains inside

knowledge.

Not necessarily so 1 !Carpenters work for
Lhemselves at one otace

'and employers know they
can be relied on.

Unclassifiable 1 Dependant on area of work
WIM111101111

74
001101.
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1

10

15

1

1

1

Our conclusion is that the premise that training for a foreman's
job is normally via a carpenter's apprenticeship is not conclusively

proven. It may have been the most popular route in the past, and

in fact, almost all the respondents agreeing with this premise.were
over forty years of age. However, not all men over forty thought
this was the case.

8.3.6. Conclusion

We must emphasise again that the study of foremen was carried
out with less intensity than the main study, but the evidence
suggests that when we widened our definition of a technician to include
people using management techniques and so brought the construction
foremen into the scope of the study we were corrJct in doing so.
Construction foremen are an important sector of the population of
skilled people working in civil engineering, they are technicians
using technical knowledge and management techniques in a broad way
and so differ from the usual concept of a technician as a person using
a very limited knowledge, usually technical, in depth in a repetitive
way.

The analysis of the data has given clear indications of the
main features of a foreman's work and those people concerned with
designing courses for civil engineering foremen or technicians may
find value in those items specifically mentioned.
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9. CUARICULUM DEVELONI,a;NT

The overall intent of this study has been to examine the relationship
between the practice of civil engineering and student courses in civil
engineering. The report so far, however, has been concerned with establishing
the features of current civil engineering practice at both the technician and
engineer levels. In this chapter we propose to examine some of the factors
identified in theoretical studies of curriculum development and then attempt
to relate them to courses in civil engineering currently provided by educatic,nal
institutions. Since the universities have had some effect on the curricula of
the new C.A.E.'s data was also collected from all university departments
offering civil engineering courses. In this chapter it has been possible to
assemble information from every State.*

9.1 LINKS BETWEEN TERTIARY INSTITUTIONS AND INDUSTRY

The curricula of the various civil engineering schools exist in
their present form largely as a result of tradition. Some change has been
brought about as a result of perceived need, or outside wishes expressed through
advisory committees, or inside views and attitudes injected by individual
professors and lectures. Industry ac large appears to have had little impact
other than through advisory committees which, of necessity, must be restricted
in size and therefore of limited representation, and because of the industrial
duties of its members, meet on infrequent occasions. The limitations of this
representation may be even more severe when it is realised that advisory
committee members may be either powerful, personable leading men in the industry
or individuals whose abilities mark them as committee members or attenders, both
of which categories may have little to do with civil engineering at the
operational level in spite of possible protestations to the contrary.

The fact that industry at large has had comparatively little impact on
vocational education must be attributed to both sides in fair measure, academia
claiming to know what is best for student courses, but being unwilling to offer
objective evidence from systematic curriculum evaluation; and industry con-
fining itself, when motivated to express views in public, to generalised
statements that a graduate needs two years further training in industry before
he is of any use, but not being able to formulate in any way suitable for
remedial action why this is so.

One can argue at length on the causes that have created this state of
affairs and the reasons why it persists. Hopefully the Colleges of Advanced
Education with their emphasis on the whole of a vocational training will avoid
the conflicting position of some universities, which proclaim their ability and
desire to offer "education", but which are forced by economic circumstances to
offer ostensibly straightforward vocational courses because large numbers of
students demand them for career preparation and until recently have rejected
courses in alternative institutions for prestige and other social reasons.+
At the same time peraaps, studies of the sort we are engaged on may dispel some
of the myths about employment, in any case, of civil engineers and technicians
in industry, both public and private. The mythology of both sides helps to
perpetuate the barriers. Essentially, however, both industry and the tertiary
institutions are part of the 'cOca century world, the one cannot survive for
long without the other.

* 'Replies were received in response to our enquiries from all universities
01% el. 4.4e, I a« 4-* ,a I a
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engineering. The report so far, however, has been concerned with establishing
the features of current civil engineering practice at both the technician and
engineer levels. In this chapter we propose to examine some of the factors
identified in theoretical studies of curriculum development and then attempt
to relate them to courses in civil engineering currently provided by educatLual
institutions. Since the universities have had some effect on the curricula of
the new C.A.E.'s data was also collected from all university departments
offering civil engineering courses. In this chapter it has been possible to
assemble information from every State.*

9.1 LINKS BETWEEN TERTIARY INSTITUTIONS AND INDUSTRY

The curricula of the various civil engineering schools exist in
their present form largely as a result of tradition. Some change has been
brought about as a result of perceived need, or outside wishes expressed through
advisory committees, or inside views and attitudes injected by individual
professors and lectures. industry at large appears to have had little impact
other than through advisory committees which, of hecessity, must be restricted
in size and therefore of limited representation, and oec&use of the inaustrial
duties of its members, meet on infrequent occasions. The limitations of this
representation may be even more severe when it is realised that advisory
committee members may be either powerfu,.., personable leading men in the industry
or individuals whose abilities mark then as committee members or attenders, both
of which categories may have little to do with civil engineering at the
operational level in spite of possible protestations to the contrary.

The fact that industry at large has had comparatively little impact on
vocational education must be attribute@ to both sides in fair measure, academia
claiming to know what is best for student courses, but being unwilling to offer
objective evidence from systematic curriculum evaluation; and industry con-
fining itself, when motivated to express views in public, to generalised
statements that a graduate needs two years further training in industry before
he is of any use, but not being able to formulate in any way suitable for
remedial action why this is so.

One can argue at length on tile causes that have created this state of
affairs and the reasons why it persists. Hopefully the Colleges of Advanced
Education with their emphasis on the whole of a vocational training will avoid
the conflicting position of some universities, which proclaim their ability and
desire to offer "education", but which are forced by econc,mic circumstances to
offer ostensibly straigntforward vocational courses because large numbers of
students demand them for career preparation and until recently have rejected
courses in alternative institutions for prestige and other social reasons.+
At the same time peraaps, stuoiea of the sort we are engaged on may dispel some
of the myths about employment, in any case, of civil engineers and technicians
in industry, both public and private. The Tythology of both sides helps to
perpetuate the barriers. Essentially, however, both industry and the tertiary
institutions are part of the 2Ocn century world, the one cannot survive for
long without the other.

* Replies were received in response ix) our enquiries from all universities
with the exception of the University of Newcastle and all C.A.E.'s with the
exception of the South Australian Institute of Technology. The authors are
most grateful for the assistance received from the various Heads of School.

+ See, for example, studies by Katz, F. and co-workers on the Tertiary
Education Research Centre, U.N.S.W. on the differing conception of staff end
students to the aims of university courses.
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Of the few bridges between academia and industry, the most formal
and easily recognisable is the advisory committee. In theory the work of
an advisory committee is concerned, at least in part, with curriculum develop-
ment. In order to find out more about the links between tertiary institutions
and industry, a small preliminary exploratory exercise was mounted in which
the institutions and departments concerned with civil engineering courses were
asked what instruments were in use "for assessing industrial needs for Empower,
and skills to enable appropriate adjustment of curricula content and teaching
methods". Information was sought on the extent of participation of a)
permanent research unit, b) part-time research unit, c) advisory committee
(standing committee), d) ad hoc committee convened for specific tasks, e) and
any other facility of this type. Further questions referred to the amount of
work carried out in the areas of task analysis and job evaluation, on
industrial manpower needs (concerned with work), on industrial manpower demands,
educational research with respect to teaching methods and appropriateness of
courses; curricula changes and the reasons for these, and finally information
on the systems in existence for reviewing courses and making changes.

This short questionnaire was sent to the

a) six State Departments of Technical Education

b) seven Colleges of Advanced Education

c) nine Universities

offering civil engineering courses in Australia.

Replies were received from -

a) four State Departments of Technical Education

b) five Colleges of Advanced Education

c) four Universities.

Of the replies some were in letter form, unaccompanied by the
questionnaire; letters were received from one department saying it had no
courses, from another department with a detailed account of technician courses,
from one college of advanced education saying its course bad been in existence
for only a short tine, and from two universities who declined to complete the
questionnaire as they felt that the information so provided would not present
an accurate picture of procedures.

Questionnaires were thus returned by two Departments of Technical
Education, four Colleges of Advanced Education and two Universities. The
information is summarised below:-

1) The most frequently used instruments for assessing industrial needs
for Manpower and Skills to enable appropriate adjustment of curricula
content and teaching methods were:

1) Advisory Committee

2) Ad Roc Committee convened for specific tasks

3) other (I) individual contact by head of department
(ii) contact through sandwich course

(iii) survey of overseas college syllabuses and
educational publications

(iv) questionnaires
(v) having outside engineers on board and

involved in staff discussions
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Research units, either permanent or part-time were seldom used; with
the exception of one state government department.



Answers to questions concerning the number of hours that staff spent
in committee work and in research were incomplete, but we formed the opinion
that the more senior staff members of a school of civil engineering might
spend between ten aad forty nears per year in committee, with the average near
the bottom of the range. As far as research was concerned, few figures were
provided, but the impression was formed that not many people were involved, and
of these the best allocation was sixty hours per year, with the average in the
fifteen to twenty hour range. The figures concerning research were somewhat
suspect because they were not Dome out by later answers. In any event they
are so near zero as to virtually indicate nil research. The exception again
was one state government departueat of technical education whose division of
curriculum research has a staff of 12 professional officers who undertake
curriculum developuea,; reviaiot. and evaluation, industrial surveys, and related
research.

Advisory committee or board members were drawn from university
professors and staff, state department heads and staff, private enterprise
heads and staff, recent graduates, students, and local government personnel.

Later examination of some college handbooks showed that the
composition of the course advisory committees varied widely. Footscray I.T.
for example has a board to "advise the Department on matters related to Course
design, Subject Syllabuses, Teaching methods, Teaching facilities and Liaison
with industry." Its composition includes a representative of the Association
of Professional Engineers as chairman, four others from industry, a university
lecturer and six members of staff three of whom teach civil engineering. The
N.S.W. I.T. at the ocher extreme has three staff members (Ex-Officio), one
university professor and twelve representatives of a wide range of public and
private industry.

Bendigo I.T. use a different approach and state "It is proposed to
appoint an eminent practising civil engineer as adviser to the Civil
Engineering Department. His task would be to ensur: that the instruction
given meets the needs of the profession, and that the examinations and projects
are maintained at the appropriate standard. He would be invited to moderate
the examinations and projects in the final year."

Some college handbooks make no reference to advisory committees although
they may exist, for example Swinborne although the engineering handbook does .

state "Engineering courses are under constant review to ensure that they remain
up to date" it would be of interest to determine when the college advisory
boards (or other expert assistance) were established since their effectiveness
is clearly greatest during the initial formation of a programme. Subsequent
changes are much more difficult to achieve. Roderick of Sydney Uhiversity in
1971 in discussion with one of the authors explains how they were attempting
to alter their courses in the light of the current views on engineering
education by getting mure practising engineers to lecture and participate in
the course.

Within the last five years only one attempt had been made at task
analysis, none on job evaluation, rwo on manpower needs, and four on manpower
demands.

"Educational research" in the last five years comprised three studies
on teaching methods and four on appropriateness of courses.

Six major changes in curricula were reported. The bases cited for the
decision to change were:

(i) to keep abreast of changes interstate,
(ii) to provide a better integrated course,

1444 % .
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for example has a board to "advise the Department on matteta related to Course
design, Subject Syllabuses, Teaching methods. Teaching facilities and Liaison
with industry." Its composition includes a representative of the Association
of Professional Engineers as chairman, four others from industry, a university
lecturer and six members of staff three of whom teach civil engineering. The
N.S.W. I.T. at the ocher extreme has three staff members (Ex-Officio), one
university professor and twelve representatives of a wide range of public and
private industry.

Bendigo I.T. use a different approach and state "It is proposed to
appoint an eminent practising civil engineer as adviser to the Civil
Engineering Department. His task would be to ensure that the instruction
given meets the needs of the profession, and that the examinations and projects
are maintained at the appropriate standard. lie would be invited to moderate
the examinations and projects in the final year."

Some college handbooks make no reference to advisory committees although
they may exist, for example Swinborne although the engineering handbook does
state "Engineering courses are under constant review to ensure that they remain
up to date" it would be of interest to determine when the college advisory
boards (or other 'expert assistance) were established since their effectiveness
is cl.early greatest during the initial formation of a programme. Subsequent
changes are much more diffirlat to achieve. Roderick of Sydney University in
1971 in discussion with one of the authors explains how they were attempting
to alter their courses in the light of the current views on engineering
education Ly getting more practising engineers to lecture and participate in
the course.

Within the last five years only one attempt had been made at task
analysis, none on job evaluation, two on manpower needs, and four on manpower
demands.

"Educational research" in the last five years comprised three studies
on teachiag methods and four on appropriateness of courses.

Six major changes in curricula were reported. The bases cited for the
decision to change were:

(i) to keep abreast of changes interstate,
(ii) to provide a Netter integrated course,

(iii) to meet a demand,
(iv) direct request for a particular course,
(v) advisory committee,

(vi) representation from industry
(vii) to meet requirements of a professional institute,

(viii) staff recommendations
(ix) surveys/questionnaires,
(x) availability,

(xi) upgrading,
(xii) obvious need.

97.



It was pointed out w;. cutricolum revision is a fairl;
continuous process, A leaflet supplied later by Bendigo states that the new
Diploma course will be reappraised In 1977 "with a view to making any
amendments considered 11.-essaLy in the light cA experience gained in the
first four years of operation. It way be'neLessary to amend the syllabus
content to incorporte new Jeklopment- In the sciences and in civil
engineering. The course shouid continue t.) be reappraised thereafter every
five years."

The system for reviewing courses and making changes involved in most
cases hierarchical approval. Ten types were revealed:

(i) head of school initiat,A mu conducted the review,
(ii) study area committee meeting regularly,

(iii) individual subject panel meeting regularly,
(iv) new students and new stdtf providing feedback,
(v) V.I.C. Course De,elopment Committee,

(vi) Engineering Academic Board, and Education Committee
of Council,

(vii) Board of Studies,
(viii) the use of questionnaires witn students,

(ix) occasional symposia,
(x) by encouraging staff and students to make suggestions

for improvement.

The cited uses of the various instruments were as follows:
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Reference was made in the ire-0 l'efipuche section to the substantial

industrial experience of many of the academic staff. This was emphasised
again in the later systematic survey when questions were asked concerning the
extent of industrial experience incorporated within the undergraduate course.
"The fact that many of the teaching staff in this Department have had significant
periods in which they practised engineering prior to entering teaching, makes
it a 'natural' for them to want to place all their teaching material in the
perspective of the 'real world' eng-_neering environment - the world of 'practice'.
Further, we endeavour, by use of specialist lectures by practising Engineers
and by active encouragement to attend Institution of Engineers meetings, to bring
the student into contact with engineering practice."

Thus extensive use is made by some colleges of indirect rather than
direct means of ensuing curriculum validity. Similarly some of the tertiary
institutions which responded believed that it was not their function to
determine manpower demands although due regard was paid to surveys by the
Department of Labour (and Natioral Serv4 rtel. 111-2. rrm14 in P.1 Iv,



five years.'

The system for reviewing courses and making changes involved in most
cases hierarchical approval. Ten types were revealed:

(i) head of school initiated and conducted the review,
(ii) study area committee meeting regularly,
(iii) individual subject panel meecing regularly,
(iv) new students and new staff providing feedback,
(v) V.I.C. Course Development Committee,

(vi) Engineering Academic Bodld, and Education Committee
of Council,

(vii) Board of Studies,
(viii) the use of questionnatres witn students,

(ix) occasional symposia,
(x) by encouraging staff and students to make suggestions

for improvement.

The cited uses of the various instruments were as follows:

State Education Departments (4)

Colleges of Advanced Education (5)

Universities (4)

1 0 2

0 0 3

0 0 2

2

3

0

ar
ar
4J

U

03

W 0
W

.M

04.0 A

2

3

Reference was made in the free lespocie section to the substantial
industrial experience of many of the ac.idemic staff. This was emphasised
again in the later systematic survey when questions were asked concerning the
extent of industrial experience incorporated within the undergraduate course.
"The fact that many of the teaching staff in this Department have bad significant
periods in which they practised engineering prior to entering teaching, makes
it a 'natural' for them to want to place all their teaching material in the
perspective of the 'real world' engineering environment - the world of 'practice'.
Further, we endeavour, by use ol specialist lectures by practising Engineers
and by active encouragement to attend Institution of Engineers meetings, to bring
the student into contact with engineering practice."

Thus extensive use is made by some colleges of indirect rather than
direct means of ensuing curriculum validity. Similarly some of the tertiary
institutions which responded believed that it was not their function to
determine manpower demands although due regard was paid to surveys by the
Department of Labour (and National Service). The preliminary survey
questionnaire clearly did not reach the effective authority in some colleges
where it was Known to the authors that tentative wa:npower surveys were under-
way. Examples of these, such as the Civil EngInf-ring Employment Survey
conducted by K.S. Lennie from Footscray, were cauh4 up in the subsequent more
systematic study.



9.2 OBJECTIVES - Engineers

The curriculum process (or cycle) involves a number of steps the
first of which is usually the determination of the curriculum aims or
objectives. In an ideal cycle the method by which the attainment of these
aims is to be measured (frequently regarded as the last step) is considered
simultaneously.

The statement of objectives is no easy task. One frequently reads
that engineering curricula are full of dead wood, or are too inclined towards
engineering science, less frequently one reads about what should be in the
curricula and what its objectives are, or should be. Because this study is
concerned with a vocation - civil engineering - objectives must relate to a
job and the preparation of a student in such a fashion as will enable him to
perform efficiently in that job.

Many authors have commented on the overall aims of engineering
courses Earnest* of Fenn College, Cleveland, U.S.A., when talking of Civil
Engineers' Education referred in his paper to "one dean of engineering
(saying): 'Engineering is rapidly demanding not one but three types of
engineers (1) the highly creative composer who can create out of abstract
science wholly new systems to replace or fill deficiencies in existing
engineering products; (2) the talented arranger of established knowledge who,
on the basis of existing products, can design and build ingenious, improved

systems or devices; and (3) an expert in assembling, operating and maintaining
complicated machines and engineering works from specifications, required in
increasing numbers to make the new technology work". "To this list I (Earnest)
would add a fourth - the old fashioned engineer, civil engineer if you please,
who can design and build a good highway system, a safe dam, an efficient bridge,
or drain a swamp economically, and do these things under the worst possible
physical conditions with an untrained labour force". This last emphasis on
economics is very real. An American wit (unknown) is reputed to have
described a civil engineer as a man who can do for one dollar what any damn
fool can do for two. If this last point is accepted it poses some interesting
educational problems.

In attempting to determine what the overall aim and content of his
course should be Dietrich+, of Purdue made a study of the i-stitution's
engineering alumni to try to determine the educational needs of engineers as
these men reflected it from their own experience. The report showed that their
ideas differed by age Jroups. Alumni who had been actively engaged in the
engineering profession for one to five years felt they should have taken more
practical courses while in college. Those graduated 5-15 years prior to the
survey indicated that their curricula should have contained additional courses
in mathematics, physics, chemistry and basic science. Those from 15-20 years
out of school felt that public speaking, business organisation, finance and
labour relations should have been given more time. Graduates with more than
25 years of professional experience maintained that more time should have been
devoted to music, literature, drama and art.

A summary of much detailed intelligent thinking that occurred in the
last decade in the U.S.A. entitled "Final Report on Goals of Engineering
Educationq is worthy of close study. The report covering seventy-three pages
is divided into three main parts, 'The Engineer in Future Society', 'Basic
Engineering Education' and 'Advanced Engineering Education'.

One must ask what the overall aim of a course is and can this be
expressed as a set of more detailed objectives. What also are the objectives
of certain subjects that are included. What is tne objective in mind when, say
mathematics occupies a large sector of a degree course, or what will be the
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* Civil Engineering, Vol. 33, No. 2, Feb. 1963, pp. 52-53.

+ Civil Engineering, Vol. 35, No. 2, Feb. 1965, pp. 56-58.

0 Journal of Engineering Education, Vol. 58, No. 5, Jan. 1968, pp. 367-446.



objective if one decides to include management studies in a certificate
course. Without doubt the study of objectives is of great importance when
considering curricula. Without doubt also, ;t is not a simple study.

Much has been written on the methods of presenting curriculum
objectives. Mager* puts simply the case for writing objectives in behavioural

terms. Bloomt classifies objectives simply into cognitive, affective, and
psychomotor domains, and a separate detailed handbook describing the hierarchy
of objective levels is available for the cognitive and affective domains. No

handbook within the series has been published for the psychomotor domain
although some attempts at classification have been made for particular skills.0

Hulda Grubman** when writing of the difficulties in mainciling the
Mager and Bloom approaches says "objectives most readily stated in behavioural
terms deal with the lowest levels of the cognitive domain with knowledge and
comprehension (in the sense that they are used by Bloom) and with the first
two levels of the affective domain, receiving and responding. However, most

current curriculum projects have expressed primary concern with such higher

cognitive levels as the ability to use knowledge in new situations, with
developing creativity (synthesis and evaluation) and with other skills
classified as analysis, synthesis and evaluation. Projects have also been
concerned with the higher levels of the affective domain, with attitudes of

students toward the subject and toward learning in general". Thus it may be
possible to define some objectives for a technician course, particularly those
concerned with skills, in behavioural terms, but for much of a civil
engineering diploma/degree course the use of more general objectives only may

be possible.

The Australian Situation

As part of the present study information was sought by letter (and
received with two excc,tions) from each college and university offering civil

engineering courses. Part of this letter read "We should be pleased to receive
any explicit statements of course aims or any outline curricula listing

compulsory and optional subjects."

Much information was received including handbooks, detailed syllabi

or curriculi prepared for new degree/diploma submissions and detailed personal

notes. In some cases where it could possibly cause embarrassment to
institutions acknowledgement to some will not be made. In other instances Sue
acknowledgement is given in the excerpts below and in the following chapter
on professionalism, from which it is difficult to separate part of the current

discussion.

In addition to explicit statements on course aims attempts were made
to determine implicit aims by reference to statements concerning examinations,

course utility, etc.

Mager, B.F. "Preparing Instructional Objectives", Fearon Publishers, San
Francisco, U.S.A., 1961.

+ Bloom, B.S. "Taxonomy of Educational Objectives - Cognitive Domain",

Longman, London, 1956.

0 e.g. Sumner, R. The Vocational Aspect, 1968, 20, pp. 137-151, discusses the
objectives of craft education and includes a psych-motor group.

** Grubman, Hulda, Evaluation activities of curriculum projects, AERA monograph

series on curriculum evaluations No. 2, 1968. Rand, McNally, U.S.A.
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The most detailed statement of aims was received from the University
of Melbourne (5 f.s. pages). This document listed and discussed aims under
three headings : education appropriate for a graduate; for an engineer, and
for a civil engineer. Part of this document is available in the appendix 12.
No other detailed objective sets were obtained from universities although a
reprint of a more general paper on "Goals of Engineering Education" was
received from Professor J.W. Roderick of Sydney University. Statements on
course aims and objectives were received from the following Institutes of
Technology : Gordon, Capricornia, Preston, Bendigo and Footscray.

Some of the published statements on general aims caused some concern
since serious assumptions appear to have been made. -"In formulating this
submission, the basic aim has been to provide a Degree course of the equivalent
standard to that of a University thereby_ preparing the graduate to take his
proper place in a creative and demanding profession."

This citation on the university for support may depend upon statements
such as that of Professor Roderick. "The preference in some industries has
been for an engineering educadoewith a strong vocational bias, of comparatively
:Awn: duration but with ample opportunity for students to undertake courses
part-time or on a sandwich basis. The same industrialists have supported
diploma courses .... This has implied some criticism of the four year
engineering courses given in the universities, namely that they were producing
a type of engineer more concerned with the discovery and expansion of knowledge,
than with the applicat:Lon of knowledge to the solution of practical engineering
problems. Moreover, against this criticism must be set the fact that for many
years past about 90% of the universities' output has been entering the
profession to become successful practitioners."

A further defence cited by Roderick is the P-E report which asserts
"It appears that industry has neither a clear nor uniform picture of its needs
in young engineers."

Expansion of education based on this type of philosophy is fraught
with problems. Candidates selected from the upper 10% of the ability range
might be expected to become good engineers after solid on the job training
under the worse circumstances despite their basic education and problems such
as over- training leading to frustration and job dissatisfaction (on which
evidence is now available overseas) can only be magnified by expansion of the
present philosophy. The lessons following the expansion of degree courses in
the U.K. (and the consequent (?) decrease in the H.N.C. enrolments) culminating
in the Swann report - essentially an enquiry into problems (at the time) of
persuading 'pure' scientists to enter industry, have yet to be considered for
their potential applicability in Australia.

One senior departmental head recognised the danger and states "Most
courses in tertiary institutions do not set out to train 'civil engineers' -
they are presumably doing something much more esoteric - in such a case I
presume 'clinical' experience is irrelevant."

Most of the C.A.E.'s claimed to produce graduates (or diplomates)
immediately useful to industry but some qualifications were made, e.g. "Course
aims at developing students ability to the point where they will have gained
sufficient expertise to be immediately useful. Nevertheless, they will need
to learn the particular techniques and procedures adopted by their employers
since it would be impossible in the time available to expose them to many
differing aspects of 'practice".

Little difference was noted between the answers obtained from the
universities on the C.A.E.'s, perhaps not surprising in view of some of the
earlier comments.
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than with the application of knowledge to the solution of practical engineering
problems. Moreover, against this criticism must be set the fact that for many
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A further defence cited by Roderick is the P-E report which asserts
"It appears that industry has neither a clear nor uniform picture of its needs
in young engineers."

Expansion of education based on this type of philosophy is fraught
with problems. Candidates selected from the upper 10% of the ability range
might be expected to become good engineers after solid on the job training
under the worse circumstances despite their basic education and problems such
as over-training leading to frustration and job dissatisfaction (on which
evidence is now available overseas) can only be magnified by expansion of the
present philosophy. The lessons following the expansion of degree courses in
the U.K. (and the consequent (?) decrease in the H.N.C. enrolments) culminating
in the Swann report - essentially an enquiry into problems (at the time) of
persuading 'pure' scientists to enter industry, have yet to be considered for
their potential applicability in Australia.

One senior departmental head recognised the danger and states "Most
courses in tertiary institutions do not set out to train 'civil engineers' -
they are presumably doing something much more esoteric - in such a case I
presume 'clinical' experience is irrelevant."

Most of the C.A.E.'s claimed to produce graduates (or diplomates)
immediately useful to industry but some qualifications were made, e.g. "Course
aims at developing students ability to the point where they will have gained
sufficient expertise to be immediately useful. Nevertheless, they will need
to learn the particular techniques and procedures adopted by their employers
since it would be impossible in the time available to expose them to many
differing aspects of 'practice".

Little difference was noted between the answers obtained from the
universities on the C.A.E.'s, perhaps not surprising in view of some of the
earlier comments.

Only two universities claimed not to be producing an embryo
professional engineer. The extremes of the universities views are "No - the
intention is to provide the theoretical foundation of civil engineering. He
then needs a few years of practical experience before reaching full professional
status. Practical training periods during the course are aimed mainly at showing

* Our underlining
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The general project which appears ia some detailed curricula
(accounting for 1/3 of the 4th year in the Bendigo degree course) appears the
best opportunity to acquire some of the wider aims and to lend itself best to
less classical methods of evaluation.

Among the universities the MOSt illtecesting response to this question
was given by the University of Queensland which offers the following programme.

1st Year (a) A course of engineering in history subdivided into

1) the development of engineering

2) engineering and the: environment

3) engineering for the future

(b) A 27 hour project e.g. turning pollution into profit

4th Year (a) 40 hour project, for example

1) the impact of major dam construction on the local
community

2) compensation for freeway resumption

(b) Individual seminar on subject with social implications

Examples cited by Horne and Wise indicated some deviation from the
standard mass lecture situation particularly in the smaller colleges and also
some modification of the former emphasis on end of year examinations. We were
a little disturbed to find in one detailed deg e proposal kindly sent for our
consideration by a college clearly in the forat at of civil engineering
education, specific subject objectives listed in most cases under the headings
knowledge, abilities, ppreciation, interest followed by statements such as
"assessment will normally be by final examination of three hours. Satisfactory
tutorial and practical work during the course will be a condition of entry* to
the examination. Other tests may also be given."

In another subject the methods of assessment stated (a dangerous
procedure to adopt!) appeared to contradict in part some of the objectives
listed under appreciations and attitudes. Other subjects appealed to be more
realistic and assessment could be made on exercises alone, a final examination
or a combination of both.

Clearly the relationship between the objectives explicit and implicit,
the methods of teaching and evaluation procedures in civil engineering in
C.A.E.'s would be a profitable area of study.

9.3 CONTENT - Engineers

Five areas of specialisation basic to all civil engineering problems
and projects - structures, materials, soils, hydrodynamics, and systems have
been identified by the Massachusetts Institute of Technology, U.S.A. (MIT).
The popular notion that the important problems are not technical, but are social,
economic, or political is also dismissed by this institute. The MIT view is
that the fundamental responsibility of the civil engineer is to ensure technical
excellence for if this is not done he will lose the respect of other professions
and the public.

Toakley+ and Brotchie take up this point made by MIT on systems, in
a paper entitled "Engineering Education - the Relevance of Systems Studies",
which deals mainly with the systems approach and utilises mathematical models,
computer simulation, critical path and PERT techniques. The authors say that
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* Our underlining

+ Toakley, A.R. and Brotchie, J.F. Civil Engineering Transactions, The
Institution of Engineers, Australia, October 1971, pp. 96-99.
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how tn.., engineering tneory is applid. They are not intended to provide
professional experience." (Note - 40 workine days experience required from
each student - more than most C.A.E.'s!).

"Yes - our course goes beyond a study of theoretical principles and
seeks to expose the students to practical problems .... This would not be
our sole objective." (41/2 months of practical training in addition to 3 weeks

"ervised workshop training zequired from all students - more than all but
four of the C.A.E.'s).

In addition to being influenced by direct or implied comparison with
the universities the courses in the C.A.E.'s are influenced by the requirements
real, inferred, or imagined of the Institution of Engineers, Australia. One
head of school was quite blunt "The main aim is to produce graduates acceptable
to the Institution of Engineers, Australia, without which they cannot be
'Professional Engineers'."

All other handbooks made reference to the Institution and one college
sent a copy of the basic educational requirements of the Institution alongside
itw own aims and objectives. The real influence of this body through the
immediate bias of its own members and indirectly thro "gh reciprocal arrangements
with other bodies (e.g. the Council of Engineering In,itutions in the U.K.) on
the implicit aims of civil engineering curricula cannot be overemphasised.
This influence will be discussed in more specific detail in the following
section on the content of civil engineering courses.

It is common practice too frequently in educational institutions to
have esoteric aims which are clearly negated in the methods used for student
teaching assessment and evaluation. It is difficult to teach 'subjects'
associated with practical and individual cnoice by means of mass lectures
followed by standard paper and pencil examinations. In cur survey of this area
we relied heavily on the recent work of Horne and Wise together with such other
material as we could glean from college handbooks. Some direct evidence was
obtained from answer to the question

in tne course what components, if any, are included to cover

"(5) professional responsibility material related to the social
effects of engineering decision."

This quotation was borrowed from "Basic Requirements For A
Proiessional Engineering Course" Journal of the Institution of Engineers

1971 since it was

(a) at least in theory an essential component of any recognised
course

(b) it allowed opportunity to demonstrate novel teaching procedures
beyond the usual factual recall of low level cognitive skills

The extent of enforcement by the institution and the breadth of
interpretation of the non basic science section of the regulations (see
earlier quotation) deserves comment. Two colleges made no provision for this
area of current popular concern and a further head of school "unable to locate
the statement" believed that material used in the final year of design studies
was relative to social effects. Most departments cited lists of subjects
ranging from aesthetics in Engineering to a specific subject professional
practice and including psychology, management, sociology and liberal studies
but two pertinent comments were made, "Staff are asked to address themselves
to this aspect throughout the course."

"Substantial : but not in a single course. That would be regardedI
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supervised workshop training required from all students - more than all but
four of the C.A.E.'s).

In addition to being influenced by direct or implied comparison with
the universities the courses in the C.A.E.'s are influenced by the requirements
real, inferred, or imagined of the Institution of Engineers, Australia. One
head of school was quite blunt "The main aim is to produce graduates acceptable
to the Institution of Engineers, Australia, without which they cannot be
'Professional Engineers'."

All other handbooks made reference to the Institution and one college
sent a copy of the basic educational requirements of the Institution alongside
itw own aims and objectives. The real influence of this body through the
immediate bias of its own members and indirectly through reciprocal arrangements
with other bodies (e.g. the Council of Engineering Institutions in the U.K.) on
the implicit aims of civil engineering curricula cannot be overemphasised.
This influence will be discussed in more specific detail in the following
section on the content of civil engineering courses.

It is common practice too frequently in educational institutions to
have esoteric aims which are clearly negated in the methods used for student
teacning assessment and evaluation. It is difficult to teach 'subjects'
associated with practical and individual cnoice by means of mass lectures
followed by standard paper and pencil examinations. In our survey of this area
we relied heavily on the recent work of Horne and Wise together with such other
material as we could glean from college handbooks. Some direct evidence was
obtained from answer to the question

in the course what components, it any, are included to cover

"(5) professional responsibility material related to the social
effe,...ts of engineering decision."

This quotation was borrowed from "Basic Requirements For A
Professional Engineering Course" Journal of the Institution of Engineers
Aacch 1971 since it was

(a) at least in theory an essential component of any recognised
course

(b) it allowed opportunity to demonstrate novel teaching procedures
beyond the usual factual recall of low level cognitive skills

The extent of enforcement by the institution and the breadth of
interpretation of the non basic science section of the regulations (see
earlier quotation) deserves comment. Two colleges made no provision for this
area of current popular concern and a further head of school "unable to locate
the statement" believed that material used in the final year of design studies
was relative to social effects. Most departments cited lists of subjects
ranging from aesthetics in Engineering to a specific subject professional
practice and including psychology, management, sociology and liberal studies
but two pertinent comments were made, "Staff are asked to address themselves
to this aspect throughout the course."

"Substantial : but not in a single course. That would be regarded
in the same light as religious instruction is sometimes regarded in state
schools.

The sense of professional responsibility has to be imbued at all stages
in the student's progress thou his course; he has to meet this consideration
whenever he is posed a design problem - otherwise the exercise becomes very
sterile indeed."
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because of the general applicabiliL) Ut tht teciiquos 010, way be used as
a core for the curriculum providing a common basis for study ana communications

among the various disciplines.

The position of liberal io curciculum has

been debated extensively for several decade:;. Wood* states that in Australian
Institutes at best the time allowance for this component is less than one-
third of the average in reputable schools of engineering in the United States

of America.

Engineering courses in Australian Universities were discussed by
Moorhouse,+ Willis & Lavery in four separate but related papers a few years
ago. Frequent reference occurs in these articles to the requirements for
professional memb.F.rship of the Institution of Engineers, Australia, and the
effect this has on engineering courses in Australia. Willis refers to work
carried out by Gerstl and Hutton in the U.K. when nearly 1000 professional
mechanical engineers were interviewed to try and ascertain the usage of various
subjects, the criterion being used more than once in five days. They also

sought the opinion of those engineers on the ideal course of study. Gerstl#

6 Hutton conclude that there should continue to be an emphasis on mathematics

and mechanics, but the traditional technical curricula should be pruned in
favour of broadening the education of engineers in communication and liberal

studies, particularly human behaviour. Willis adds that these conclusions are
generally sound, but would like to see every student study one of the
traditional core subject:, for a sequence of three stages.

Moorhouse in his paper entitled "General Survey" quotes as he terms
it "the gloomy comment of one Australian Professor of Engineering who remarked

to an English colleague that his main problems in Australia were: (1)

convincing his university that engineering was worth having as a faculty; and

(2) convincing industry that engineering graduates were worth employing." To

these may be added (says Moorhouse): (3) convincing the general public and

many of the families fLam which students come that engineers use their minds

rather than their hands in their work. The perturbing effect of this latter

comment on curriculum content is important.

In 1968, well after the appearance of the Martin report on the

future of Tertiary Education in Australia, and after an intense period of

discussion internationally about the best sort of training for engineers, all
of which had impact locally, Vallentine** in a paper entitled "Engineering
Education at the University" concluded, rather sadly, that "Australian
Universities providing facilities for the education of engineers are slow to
adjust to their responsibility of recognising the changing role of the engineer

in society. Unless, and until their courses are broadened, made more flexible,

less onerous and more generally attractive to the cream of intelligent young

people, the quality and quantity of their output will not keep pace with the

requirements of the nation.

* Wood, J.F.D. "The place of liberal studies in Engineering Education",

Journal of the Institution of Engineers, Australia, April-May 1969, pp. 67-71.

+ Engineering Courses in Australian Universities

(1) General Survey, C.E. Moorhouse
(2) Electrical Engineering, C.E. Moorhouse
(3) Mechanical Engineering, A.H. Willis
(4) Civil Engineering, J.H. Lavery

The Australian University, Vol. 2, No. 3, November 1964, pp. 241-294.

0 Gerstl, J.E. & Hutton, S.P. "Engineers - the Anatomy of a Profession",
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We appear to Le ri.:Aaing enbin. rue ilmtedlate present, if
not for the past. dowevac gr-d4ares will he competing for managerial
positions twenty years and therefore our cur.:ent decisions in
engineeriag education sood:,d aake law account, as far as can be predicted,
the reqUIreMents of cite ext generation."

The Content or So..,:. Coa:,es

An analysis or tae dia)lowa ai.a degree courses at Bendigo and a
comparison wita cre .4ezrea ;:o, se at Xeioourne acid Monash universities was
supplied in a prova.rwie Leceived :row :iedigo. This analysis was
continued but using slightly different criteria and the results are shown in
Table 9.3.1.

Table 9.3.1. Curriculum Content Analysis
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... U 03 0 Du W3

M 5
eel

.. - "C)
T ,

; .
9.
'.1 C1 CI

0.4 z Ohl 5; 02 AR

Liberal St. % 1

4asit Sc. X 6
Eng. Sc. % 2J

Civil Eng. % 51

(i) (2)

6 1 .1 f 6 i 5
i

10 1

24 ',-.# 2, 17 19 18 24 37

2S 31, ' 30 1 .ii 26 1 24 23 31

: 42 i 43 I ':,.. 45 i 49 53 43 31

2

35

29

34

* ;44 calculates Ly dendigo usia their criteria for classification of subjects.
Our classifizzaiail was o.0ed ao .ssessment of the classification patterns
net by all the iastitutioc2s. eo comparison the self classification of
Bendigo for the degree is shown in column (2). It was not possible to
analyse the Melbourne auu Nonash curricula from the composite data supplied.

The falluwing comparisoa is made betweeh the Bendigo programmes and
those offered by me Victorian Jniversities.

"It can be seen thaa a muca greater liberal studies content is
envisaged than at Vietoriaa Jniversities, and the practical bias of the course
is underlined by the greater L)reportion of time devoted to civil engineering
applications, while still retaining a solid founciation in the basic and
envineering scie-ces."

What justification exists for the components specified?

College' 'lave as an external constraint the need for their courses to
satisfy the basic requirements for a professional engineering course established
by the Institution or Zngineers, Australia, not only for the direct benefits of
'graduate' membership o the institution but for the salary benefits following
such membership. Statewants such as tit following appear in all of the
handbooks examined.

"The Diploma in Civil Englneering admits the engineer to 'graduate'
membership of the Institution of Lagiheers, Australia, and thus enables
graduates to 5e classified as 'y# Aified engineer' under the Australian
Professional Engineer's Awara for salaries" (these salaries were cited by two
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designed to suit the ability of the majority of students entering them and
the general requirements of employers."

Horne and Wise describe in detail the process which must be followeu
for course accreditation and this will not be repeated here. They also report
that "Interviews with engineering staff in all states revealed that there was
dissatisfaction with aspects of the accreditation procedure. If accreditation
of courses is as important as the staff had been led to believe it was, then,
to them, the actual inspection appeared superficial. In many instances travel
timetables, rather than educational issues, governed the extent of discussions.
It was often stated by staff that the inspection team which invariably consisted
of members of university staffs, appeared to be unprepared to accept the view
that the colleges could have different approaches to those of the univers:ties."

'Discussion with LE (Aust.) officers revealed that the number of
hours of classes in various areas of a course appeared to be an important
criterion in granting accreditation. Pushed to extremes, this approach can
reach absurd lengths, as for example, in one college in which a criticism was
made by an inspecting group of the narticular course that it contained only
495 hours of 'basic science' which was below the minimum of 500 hours previously
proposed."

In our much more limited correspondence with institutions we received
some similar comments concerning the influence of the institution on curriculum
content.

Detailed examination of some curricula sent to us revealed some
interesting results. One college stated quite clearly in its mathematics
curriculum "The emphasis in the first two years is on mathematics which is
actually utilised in other subjects, and which ma, 11,2 utilised in later years
in industry. Mathematics 3 contains selected topics which the Degree student
may find useful in advanced courses of study. By collaboration between the
staff of the Mathematizs and Civil Engineering Departments, it is intended
to relate mathematical techniques directly to the solution of civil engineering
problems whenever possible."

How can one reconcile the highly desirable sentiment of the latter
part of the paragraph (the ',correlated' curriculum pattern) with the statement
in the first part. The Institute of Engineers in its official statements
concerning the increase in the minimum course length for recognition to four
years by 1980 merely states "The developments which are taking place in science
and technology and the necessity to provide adequate time for private study,
individual effort and meaningful vocation experience are such that within a few
years a course (full-time) of four years duration from matriculation will be
the absolute minimum required to attain a sufficient standard for e professional
engineer."

To satisfy the criterion of 'Breadth' under the current regulations
the equivalent of two years (not necessarily the first two) should be spent on
basic scientific and mathematical material appropriate to engineering and general
engineering science material.

Why are these additional academic subjects finding their way into
longer courses perhaps at the expense of integrated training experience. Are
courses designed as stated earlier by the head of one school for ends much more
esoteric than the production of professional civil engineers. To what extent
are the universities to blame either directly or by their claimed influence on
the Institution. Perhaps a meeting of all parties concerned could resolve some
of the issues.

Since the C.A.E.'s are responding to the demand for more basic science,
engineering science, and liberal studies* it may be desirable to consider the
av4 Silva 4 1 ' 1 c . do C leit I'
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t this, the actual inspection appeared superficial. In many instances travel
txsetables, rather than educational issues, governed the extent of discussions.
It was often stated by staff that the inspection team which invariably consisted
of members of university staffs, appeared to be unprepared to accept the view
that the colleges could have different approaches to those of the universities."

"Discussion with IE (Aust.) officers revealed that the number of
hours of classes in various areas of a course appeared to be an important
criterion in granting accreditation. Pushed to extremes, this approach can
reach absurd lengths, as for example, in one college in which a criticism was
made by an inspecting group of the particular course that it contained only
495 hours of 'basic science' which was below the minimum of 500 hours previously
proposed."

In our much more limited correspondence with institutions we received
some similar comments concerning the influence of the institution on curriculum
content.

Detailed examination of some curricula sot to us revealed some
interesting results. One college stated quite clearly in its mathematics
curriculum "The emphasis in the first two years is on mathematics which is
actually utilised in other subjects, and which may be utilised in later years
in industry. Mathematics 3 contains selected topics which the Degree student
may find useful in advanced courses of study. By collaboration between the
staff of the Mathematics and Civil Engineering Departments, it is intended
to relate mathematical techniques directly to the solution of civil engineering
problems whenever possible."

How can one reconcile the highly desirable sentiment of the latter
part of the paragraph (the 'correlated' curriculum pattern) with the statement
in the first part. The Institute of Engineers in its official statements
concerning the increase in the minimum course length for recognition to four
years by 1980 merely states "The developments which are taking place in science
and technology and the necessity to provide adequate time for private study,
individual effort and meaningful vocation experience are such that within a few
years a course (full-time) of four years duration from matriculation will be
the absolute minimum required to attain a sufficient standard for a professional
engineer."

To satisfy the criterion of 'Breadth' under the current regulations
the equivalent of two years (not necessarily the first two) should be spent on
basic scientific and mathematical material appropriate to engineering and general
engineering science material.

Why are these additional academic subjects finding their way into
longer courses perhaps at the expense of integrated training expetience. Are
courses designed as stated earlier by the head of one school for ends much more
esoteric than the production of professional civil engineers. To what extent
are the universities to blame either directly or by their claimed influence on
the Institution. Perhaps a meeting of all parties concerned could resolve some
of the issues.

Since the C.A.E.'s are responding to the demand for more basic science,
engineering science, and liberal studies* it may be desirable to consider the
evidence available fcr their usefulness. Clearly much (how much ?) of the former

* These are immediately needed for the understanding of the technology
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is needeu as a basis for tee urderstaneing of technological: developments.
There is an emp2cateon noweve: that some is included because of the greater
critical tnleeiee teeical behevieur, adepcability these basic subjects
produce. Tee chPoretic4., foseelatio for tees type of basic science - liberal
studies approach, however, rests substantially on discounted theories of mental
discipline LiuU transfer of treiniag. Explicie refers_ ices were found in many
curriculu co the fcleowine eies, se:Eller alms were implicit in other statements.

Fty:

"eellity so apply tee eSove eeoweteik t0 ,JCcbiLIM solving"
"The ability co apple tea -tier ie.ee erc.,Lieeiai, problems"
"Aoielcy ce ate04 Cv pcoelems"

For liberal studies:

"An increase in critical judgment, flexibility, creativity, tolerrlce and
sensitivity to the respo.lse of others and to ethical and aesthetic values"

For the technology:

o -eeece etteteees sr L1.1441,:q; the attributes of the
peoieseioeal"

huee couie oe w:7...LLen 01. el:feet curriculum content may have in
achieviee tl.ee more genezel zransreeeele eims but the essence is contained
in tOe .fo-eowlee eectacioes: A,ecia (aereer) expert in Curriculum
Developmn en tee O.S.. "'iez e . +t: idee t'eat tee study of certain eubjects assures
a general ere-. eetceatic teeas:el, es still alive rccLiy. It's evident in certain
proposals for tee sseey o.2 ae the weees for developing the
intellectual aea seieeteel p(),,ers ireeeeeetive of :low they are taught."
D.K. Wheeler exeeet le Cuessseiem t:.A. "Far too often the
element of pereeee le leareirg is fereotcea tce subject itself is invested
with a mystique and wits pove:s teat are co,:aliy unjustified. Usually this
kind of cealm reete eeee idea, 0; facue,y peyceology and formal djecipline, or
misconceptions aoout tee nai:ure CI transfer; as a result it Is claimed that
some subjects have greater poYer to train the mind then others. This leads to
the idea 't:iat each of guest 2LiOL; iti; on logic, and that study of the
facts will nos only reveal feet logic, but ::eilow enable it to be assimilated
and applied by t<<e learn ac-. 2r. soave wysLicaI way the subject produces mental
dlsclpilee, irreepective a,e.A-lous use.4 in learning it; expose the
learner co t;)te aed eeceee;s, aed ee %/ell grasp the essentials and make use
of them eisewae:e."

Tnese auc.,();s woui.c us believe teat transfer is possible providing
the teaching p :ocedures a:e appropriate. F,orne and Wise state that small group
teaching methods were usr...d in ear:: in mosL7 C.A.E.'s and examination of detailed
curr,cula obtained from severee easticutions confirms this view. Preston
Institute fe.: eAample liets tee eachieg methods used ia the attainment of their
objectives whiff. range from 4 to staedard lecture to seminars. If these
argument:: ece vaele perisepe cuel.te or teecalog welch caenot De measured by paper
sumoacion ow coLa- lwi.ve of eeuce or a curso :y leseection Visit ought to be
added to toe re:,Lirel,,%?nce of eeeaden inc ciee'zn currently demanded by the
Institution Ui End;;L::eers is cais boey is the ILajoi- influence on curriculum
development.

Aasabel* Americee pzycnoloeist however is muca more pessimistic
concerning 4i,e cr,insZei: of ,zr,owl2;;6e and processes irresdeotive of how they are
taught. "critical taiak,ag oe eeeancee only witein the context
of a specific discip:Liue. lii c.lu azraeies of uiscovery, like scientific
method, do ;sot seem to be i:za_Le2.!rabie across disciplinary lines - either when
acquired wi:hia a geven desceeeine, or when learned in a more general form



curricula to the following aims, similar aims were implicit in other statements.

For tae scie..Aces (pure and aealiee) :

"Ability to apply che above aaowledge to problem solving"
"The ability co apply tae nriecie-es enIn:.e:ine problems"
"Aoility co a?niy feaciemen:n.i ptiacipies Cu nett ptoelems"

For liberal studies:

"An increase in critical judgment, flexibility, creativity, tolerz-Acc., and
sensitivity to the respose of others and to ethical and aesthetic values"

For the technology:

"To ii :uuc c7cti.cuues of ioe.Lce ttinaiag nalen are the aetributes of the
proieseioaal"

:wen could oe .ritLee en ,J4e aurriculum content may have in
achievian cl,z:se more general trans s-eeeole elms but the essence is contained
in tie foelowinn euceaeions: Tana (.ormer) expert in Curriculum
Development :In the U.S.A. "Tae idea c'aat clAe sCucy of certain subjects assures
a generai ant auteaatic ereaa:el, is still alive today. It's evident in certain
proposals for eae seuey of aL%s a:; the weans for developing the
intellectual ana apititnei pcn,ere ef men trzeonective of how they are taught."
D.K. Wheeler expert la Curiulum oevelonmeat in A. "Far too often the
elemeeu of 1.),Ir?,,se la _Lent sing Ls fergottea ene tae subject itself is invested
with a mystique and wire powe:s taac are totaliy unjustified. Usually this
kind of claim rests upcc of faculty psychology and formal thscipline, or
misconceptions aoouc cue nature ef v.raasfer; a3 a result it Is claimed that
some subjects have greacer power to train the mind then others. This leads to
the idea that each of tneee subject has its own logic, and that study of the
facts will aot only reveal taat Jolt, but soniehow enable it co be assimilated
and applied by the icarr,:,r. in soave myeticai way tho subject produces menta;
discipline, irrennective o: tae ,eethuus usee in learning it; expose the
learner co tine facia acid LAeL,1,s, and be will grasp tae essentials and make use
of them eisewnefe."

Ynese auci.o:s woue ;inn ea bcii.e .e tnet traasfer is possible providing
the Leaching procedures are approeriete. riorne and Wise state that small group
teaching methods were used in :art in most C.A.E.'s and examination of detailed
curricula obtained from sever:: iastitations confirms this view. Preston
Institute for example lists tree teachiag methods used ia the attainment of their
objectives wnich range ftom Lne staudard ieccure seminars. If these
arguments ace valie perimpa jl.G1 Cjw Gi teacaiag wt ich cannot be measured by paper
summation of cotai. u. urei or a cursory lepeetion visit ought to be
added co the reciuf.reLLIncs of ateadt4 and eencn currently demanded by the
Institution of Ene;iaeers if tais boc.y is the MajOil influence on curriculum
deveiopment.

Ausubel* the American psycaoinist ,cy.vaver is meeh more pessimistic
concerning ene trensfe: of owleege and processes irrespective of how they are
-taught. "critical tainit.ng can oe ennancea only witnin the context
of a seeeific discipline. Gteae atte.tenies ei eiscovery, like scientific
method, do aot seen, to tie g',..a.isf,:rolt acrose disciplinary lines - either when
acquireu wichia e given discipiiue, or when learned in a more general form
apart frow 6dacific subject natter content_ rhis principle has been confirmed
by countless studies eae ia iiIuatraceu by tne iaugnaole errors of logic and

...Ma...

* Ausubel, D.P. "Lducational 2sycaology", Rinehart and Winston, N.Y.,
1968
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judgment committed by distinguished scientists and scholars who wander
outside their own disciplines. The only kinds of transfer that have been
empirically demonstrated in problem-solving situations are transfer of
specific skills, the transfer of general principles, and the transfer of
general approach or orientation to a specified class of problems. Hence
critical thinking cannot be taught as a generalized ability; in practice,
it can be enhanced only by adopting a precise, logical, analytic and
critical approach to a particular discipline."

To counter the frequently advanced argument that the greater rate
of change today of the knowledge and practice within a technology make it
essential that more basic principles and underlying theory should be taught
and less currently useful factual knowledge and practice be taught, since
such factual knowledge and practice will more rapidly become obsolescent.
Ausubel comments "The argument is also strikingly reminiscent of the
objection small boys make to the washing of their faces daily, namely that
they will only get dirty the next day. Obsolence is a fact of life that
must always be kept in mind; but this does not render futile the
assimilation of the current content of knowledge, or council exclusive
attention to the process whereby knowledge is acquired. It merely pre-
supposes a readiness to revise those aspects of one's knowledge that
gradually become outdated."

Further support for the emphasis on the technology component rather
than the basic pure or applied science component is given by Broudy an
eminent American educational philosopher in a discussion of the tenuous links
between school learning input and its subsequent out of school use. Broudy
argues pie may forget, for example, that high level cognitive function
involves some replicative and associative uses of learning, and the easy
dismissal of the learning of facts can be mischievous. One cannot learn
enaineeringsimply by studying logic and physics. Another undesirable con-
sequence is that the aoplicational use so distinctive of technology will be
equated with solving problems at the end of the chapter .r.n a textbook, or
going through the predicament - hypothesis - decision routine. Application,
however, entails a great familiarity with the phenomena of a given domain,
together with the technology for translating theory into operational
equivalents. Most of us, outside or field of specialisation, do not often
apply knowledge. Most of what we call application outside our speciality is
inference by similarity, or suggestive analogy, that is, it is a form of
interpretation rather than application."

Clearly more questions ought to be asked concerning the content of
some C.A.E. courses. Is their main aim now a replication of what is done
(or said to be done) by the universities? Our studies of current practice
have shown that much of the 'theory' taught in shorter less sophisticated
courses of the past decade is not used in industry yet many bitter complaints
are received from graduates concerning their lack of knowledge of the real
problems of civil engineering when they enter industry. How they might
obtain this practical experience in the technology and the effect it might
have on course length and character is discussed in more detail in the next
chapter.

9.4 OBJECTIVES AND CONTENT OF TECHNICIAN COURSES

Parallel with this activity concerned with the education of
engineers, much discussion, some of it fevered and confused, has taken
place on the nature and types of technicians and their education. This
concern for technician training started in the post-war decade at the
of a world-wide shortage of engineers. This shortage no longer exists, but
the subject of technician training remains important due to the emergence of
an understanding of the complementary role that technicians play to engineers
in todaj's technology based societies.
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To counter the frequently advanced argument that the greater rate
of change today of the knowledge and practice within a technology make it
essential that more basic principles and underlying theory should be taught
and less currently useful factual knowledge and practice be taught, since
such factual knowledge and practice will more rapidly become obsolescent.
Ausubel comments "The argument is also strikingly reminiscent of the
objection small boys make to the washing of their faces daily, namely that
they will only get dirty the next day. Obsolence is a fact of life that
must always be kept in mind; but this does not render futile the
assimilation of the current content of knowledge, or council exclusive
attention to the process whereby knowledge is acquired. It merely pre-
supposes a readiness to revise those aspects of one's knowledge that
gradually become outdated."

Further support for the emphasis on the technology component rather
than the basic pure or applied science component is given by Broudy* an
eminent American educational philosopher in a discussion of the tenuous links
between school learning input and its subsequent out of school use. Broudy
argues "We may forget, for example, that high level cognitive function
involves some replicative and associative uses of learning, and the easy
dismissal of the learning of facts can be mischievous. One cannot learn
engineering simply by studying logic and physics. Another undesirable con-
sequence is that the applicational vse so distinctive of technology will be
equated with solving voblems at the end of the chapter in a textbook, or
going through the predicament - hypothesis - decision routine. Application,
however, entails a great familiarity with the phenomena of a given domain,
together with the technology for translating theory into operational
equivalents. Most of us, outside or field of specialisation, do not often
apply knowledge. Most of what we call application outside our speciality is
inference by similarity, or suggestive analogy, that is, it is a form of
interpretation rather than application."

Clearly more questions ought to be asked concerning the content of
some C.A.E. courses. Is their main aim now a replication of what is done
(or said to be done) by the universities? Our studies of current practice
have shown that much of the 'theory' taught in shorter less sophisticated
courses of the past decade is not used in industry yet many bitter complaints
are received from graduates concerning their lack of knowledge of the real
problems of civil engineering when they enter industr:. How they might
obtain this practical experience in the technology and the effect it might
have on course length and character is discussed in more detail in the next
chapter.

9.4 OBJECTIVES AND CONTENT OF TECHNICIAN COURSES

Parallel with this activity concerned with the education of
engineers, much discussion, some of it fevered and confused, has taken
place on the nature and types of technicians and their education. This
concern for technician training started in the post-war decade at the time
of a world-wide shortage of engineers. This shortage no longer exists, but
the subject of technician training remains important due to the emergence of
an understanding of the complementary role that technicians play to engineers
in today's cechnology based societies.

During the last decade a number of publicltions on the subject of

* Broudy, H.S. "Curriculum Theory Network", No. 5, Spring 1970, pp. 16-32,
Canada.

108.



training have appeared in the U.K., which reveal the
exte,,c of L. worn wale. aad been devoted to establishing some basic guide
lines. As ::euencly ha7pel,; definitions assumed importance at the
coalm,2aeeLac e: cae ae...betavioAs. We had a similar problem and the
definitioa we eventually aeopted and the reasons that led to this are
given ia Ci.apter 4.1. Briei.4, this was based on the definition prepared
by Young*, Oat modified to include reference to management techniques. This
also oro,.o.y ag...eeu wit,* the separate definitions for technical and business
tecnnicians dro,'dosea in cue eiaalegrave+ report.

or definition reads - "A person expert in applying specific
proven tee'nnLcues Lasociatee with science, technology, and management;
in pactiou...A.. ;slits tads anaetgone a systematic course of instruction
related cliase ,:echniques."

Whilst the definition refers to technicians in general, we think it
can apply to civil engineering technicians in particular.

A number of important leads for effective curriculum construction
are found is the Haslegrave report.

After consiaeziag the cuestion of status and technicians the report
says with cespect co oo)ectives, para. 24 "the technician is neither a
superior c-cacabillaa, nor a depressed technologist One certain way of
achieving this status is to ensure that the relevant programmes of training
and education are 'custom-Ouilt' for technicians, deriving neither from
craft courses 'plus' not from technological courses 'minus'. The programmes
must nave taeir own integrity.:'

The conteht of a certificate course will relate closely to the needs
of a paiticuiaz type of job. An example from an overseas source is provided
by Young 6,, 1=.5, when doaLing with the proposed City & Guilds (London, U.K.)
Const:oetion iecniiicians Certificate; "This is intended for those who will
attain positions in work involving structural detailing and other forms of
draughstianship, setting out, ri.eastring, taking off, WOT. Jag up, material
scheinl...hg surveying, estimating, inspection, supervisitin (foremanship,
production planning, method study and quality control. The course is
compiemencary to cae National certificate (U.K.) in which the academic
requirementa are so:. ,eat higher, and teaching techniques different from those
used with Naclonal C;ertificate students will need to be employed."

intjicates the type of work that civil engineering technicians
do. Me lz.icer part pernaps, hints also at a different ratio and type of
thecry ana practical from that i th.1 National Certificate Course.

The Institution of Civil Engin.!ers (U.K.) have presented ideas on
what type of work technicians could do in a pamphlet entitled "Scheme for
Training of Civil Zagineering Technicians ". Item 3 states "Trainees under
the Scheme shoula eventually oecome technicians in, for example, one (or
more) of the following aspects of civil engineering work on site and in the
office: S,,eicacions and Reports, Estimating, Bills of Quantities and
Measurem:2nt of Works, Planning and Programming, Surveying and setting out -
includin6 use of level and theodolite, Drawing Office work (including elements
of design), Work Study, Aesearch and Laboratory work, Plant (application),
site cost control, Quality control, Traffic. engineering. Opportunities exist
for Technicians w-itn tae right qualities of leadership and organising ability
to proceed to become inspectors of works, site agents and to occupy responsible
position.$ in management."

The iailp:Kications of the types of work just mentioned for those con-
cerned with certificate course content are clear.
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also broadly agreed with the separate definitIons for technical and business
technicians proposed in the Haslegrave report.

Our definition reads - "A person expert in applying specific
proven techniques associated with science, technology, and management;
in part.c.Lai o,.e who as undergone a systematic course of instruction
related Lo chese techniques."

Whilst the definition refers to technicians in general, we think it
can apply to civil engineering technicians in particular.

A number of important leads for effective curriculum construction
are found in the Haslegrave report.

Ater considering the question of status and technicians the report
says with respect to ob3ectives, para. 24 "the technician is neither a
superior tradesm4a, aor a depressed technologist One certain way of
achieving This status is to ensure that the relevant programmes of training
and education are 'custom-built' for technicians, deriving neitser from
craft tourses 'plus' nor from technological courses 'minus'. The programmes
must have tneir own integrity."

The content of a certificate course will relate closely to the needsof a particula: type of job. An example from an overseas source is provided
by Young gip. A16) when dealing witn the proposed City & Guilds (London, U.K.)
ConstA.ctioh "iecanicians Certificate: "This is intended for those who will
attain positiuns in work involving structural detailing and other forms of
draughtsmansaip, setting out, measuring, taking off, working up, material
scheJuling, surveying, estimating, inspection, supervision (foremanship),
production planning, method study and quality control. The course is
complementary to the . National Certificate (U.K.) in which the academic
requirementd are somewhat higher, and teaching techniques different from those
used with National CertifIcate students will need to be employed."

This inLicates the type of work that civil engineering technicians
do. The lzAtec parr perhaps, hints also at a different ratio and type of
theory ana practical from that in the National Certificate Course.

The Institution of Civil Engineers (U.K.) have presented ideas on
what type of work technicians could do in a pamphlet entitled "Scheme for
Training of Civil 2agineering Technicians". Item 3 states "Trainees under
the Scheme should eventually become technicians in, for example, one (or
more) of the following aspects of civil engineering work on site and in the
office: Specifications and Reports, Estimating, Bills of Quantities and
Measurement of WOZ4S, Planning and Programming, Surveying and setting out -
includin6 use of level and theodolite, Drawing Office work (including elements
of desiga),,Work Study, Research Ind Laboratory work, Plant (application),
sit cost control, Quality control, Traffic engineering. Opportunities existfor echniciaas with cne right qualities of leadership and organising ability
to proceed to become inspectors of works, site agents and to occupy responsible
positions in management."

:'he 14iplictions of the types of work just mentioned for those con-
cerned with certificate course content are clear.

mwm.

* Young, j.'7 "Tecnaicians, Today, Tomorrow", Sir Isaac Pitman & Sons, London,
1965.

+ hasiegrave "Ae2ort of the Comittee on Technician Courses and Examinations',
H.M.S.O., ,969.
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In the N.S.W. Technical Education Department the Division of Civil
Engineering is within the School of Mechanical and Civil Engineering, and
offers sixteen individual courses, of which nine are certificate courses,
five are post-certificate, and two are special courses.

Certificate courses are

Post-certificate courses are

Administrative Survey Drafting
Cartography
Engineering Surveying
Hydrography
Land and Engineering Survey Drafting
Surveying
Farm Water Supply
Materials Testing
Structural Engineering

Administrative Survey Drafting
Cartography
Engineering Surveying
Land and Engineering Survey Drafting
Structural Engineering Higher Certificate

Special courses are Aceial Photograph Interpretation
Cartography (full-time)

The School of Building also conducts two related courses: -

Civil Engineering Foremen's and Overseers (Special)
Building Foreman & Clerk of Works (Part-trade)

Klanus* of N.S.W. Water Board has examined a number of these
courses and has suggested a scheme for reducing the number of Civil
Engineering certificate courses to one, but one with four options - a design
option, surveying option, materials option and construction option. By this
reduction the problems of equalising standards are more easily overcome, and
curricula can more readily be standardised. Whilst this has no direct
bearing on course content, nevertheless reducing the number of courses can
lead to an increase in the frequency with which courses are reviewed and
curricula changes made.

It would be of assistance in establishing courses if the boundary
between technician work activity and engineer work activity was more clearly
defined. Whilst we gathered ideas about this boundary as this study
progressed, nevertheless it was sufficiently ill-defined in our estimation
to justify our seeking the views of twc authoritative panels. These panels
for technicians and engineers respectively were convened on separate occasions
and consisted of six carefully selected and representative people from
government and industry. An account of these two meetings is given in
Appendix 10.

From the two meetings it was difficult to conclude where the
delineation lay. A wide range and diversity of sub-nrofessionalitechnician
staff was engaged in the civil engineering industry. At the technical
officer end of the spectrum were men, who were claimed to be doink work of
a general and broad nature similar to that usually associated with an
engineer. At the other end of the spectrum, for example, materials testing,
the technician operating the testing equipment was performing specialised
work of limited and repetitive nature. Construction supervisors did not fit
into this general spectrum and their work was characterised by a high
management skids content and clearly defined areas of responsibility, e.g.
high for men, but more diffuse for money and policy.

The work of engineers was said to be general in nature and at one



Post-certificate courses are

Special courses are

Hydrography
Land and Engineering Survey Drafting
Surveying
Farm Water Supply
Materials Testing
Structural Engineering

Administrative Survey Drafting
Cartography
Engineering Surveying
Land and Engineering Survey Drafting
Structural Engineering Higher Certificate

Aerial Photograph Interpretation
Cartography (full-time)

The School of Building also conducts two related courses:-

Civil Engineering Foremen's and Overseers (Special)
Building Foreman & Clerk of Works (Part-trade)

Klamus* of N.S.W. Water Board has examined a number of these
courses and has suggested a scheme for reducing the number of Civil
Engineering certificate courses to one, but one with four options - a design
option, surveying option, materials option and construction option. By this
reduction the prob"lms of equalising standards are more easily overcome, and
curricula can more readily be standardised. Whilst this has no direct
bearing on courc:, content, nevertheless reducing the number of courses can
lead to an increase in the frequency with which courses are reviewed and
curricula changes made.

It would be of assistcnce in establishing courses if the boundary
between technician work activity and engineer work activity was more clearly
defined. Whilst we gathered ideas about this boundary as this study
progressed, nevertheless it was sufficiently ill-defined in our estimation
to justify our seeking the views of two authoritative panels. These panels
For technicians and engineers respectively were convened on separate occasions
and consisted of six carefully selected and representative people from
government and industry. An account of these two meetings is giv.,gn in
Appendix 10.

From the two meetings it was difficult to conclude where the
delineation lay. A wide range and diversity of sub-professional/technician
staff was engaged in the civil engineering industry. At the technical
officer end of the spectrum were men, who were claimed to be doing work of
Et general and broad nature similar to that usually associated with an
engineer. At the other end of the spectrum, for example, materials testing,
the technician operating the testing equipment was performing specialised
work of limited and repetitive nature. Construction supervisors did not fit
into this general spectrum and their work was characterised by a high
managemen.- skills content and clearly defined areas of responsibility, e.g.
nigh for men. but oore diffuse for money and policy.

The work of engineers was said to be general in nature and at one
stage of the discussion it was claimed that engineers operating in the civil
engineering field were generalists with the abiliNI or potential to exceed
a technician's specialised knowledge and repetitive skill in any existing
task and the responsibility and skill for the 'bTehking in' or the development

* Klamus, N.G. private communication
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of ne. tee:thiques ne cause of their more lengthy training and/or their innate
abili:y. Tao i..,)er,.anco of management skills was emphasised and the member
of the groep concerned with construction activities went so far as to say
that sous pro:,ect; mdaagers were not trained as civil engineers at all.

Ab mentioned earlier we found it difficult to define the boundary
between technician work activity and engineer work activity. The opposite
ends of cite range of activity were clearly differentiated but we concluded
there was no t.ard and fast boundary, in fact the region of overlap, or 'grey'
area, was extensive.

For technicians therefore it is possible to state aims or objectives
fairly well but tne establishment of course content is more difficult. As
for engineers a substantial, althotgli not necessarily the major, component of
a vocational training should be related to the job tasks performed later or
concurrently by the person under training.

9.5 SEQUENCE

Much has been written on what should be included in courses for
engineers and technicians, on how the various subjects should be arranged,
how much time each should be allocated, and what subjects should be included.
Teller*, of tne Cooper Union, New York, U.S.A. claims that "underlying all
these changes is an assumption - and the validity of that assumption is open
to question. The accepted hypothesis is that the essential format of the
curriculuil. is correct; that science and mathematics should precede
fundaa.,et.ta:_s of engineering behaviour, and the latter should precede
appl.cation; and mat this sequence of formai courses is best for the student.
But for what studeat? Today's generation may not have the same learning
psychology ali.1 objectives as the preceding generation."

z,LtnJugh eue Institute of Engineers specifies content it specifically
states that the order may be changed. Few systematic studies on the effect
of different subject arrangements on success in vocational courses have been
reporte In the iltorature. In one recent study c; an electrical engineering
certLfiazels coarse the order of the mathematics electrical principles
sequence was found to be important.

eiZer of various attendance patterns where industrial experience
cont..t'utes the learning experience has also been studied overseas.0

9.6 ...-..~.
Modern curricula are subjected to a thorough evaluation before formal

introduction. This evaluation normally proceeds through two stages. Stage
one is usually referred to as formative evaluation** where the units of the
course are examined for content by experts in the field of study and
educationists and for 'teachability' by teachers and potential students. In
stage twe su..ii,iative# evaluation, the whole of the course is examined to
determine wnether the aims and objectives specified are being attained. This
proceeds through the application of a series of evaluation instruments where
a range of cognitive, affective and psychomotor skills are measured. Although

* Taller, A.J., I.E.E.E. Spectrum, 4 March 1967, pp. 124-128

+ Gilbert, R. private communication

# See in( oxampie studies of i,:orgrove, S., Sociology (1972) 6, pp. 59-70 and
M., The Education of Technolc6ists, Tavistock Publications, London
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ends of the range of activity were clearly differentiated but we concluded
there was no Kurd and fast boundary, in fact the region of overlap, or 'grey'
area, was extensive.

For technicians therefore it is possible to state aims or objectives
fairly well but the establishment of course content is more difficult. As
for engir.eers a substantial, although not necessarily the major, component of
a vocational training should be related to the job tasks performed later or
concurrently by the person under training.

9.5 SEQUENCE
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these chances is an assumption - and the validity of that assumption is open
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iItnou4h we Institute of Engineers specifies content it specifically
star s that. ale order may be changed. Few systematic studies on the effect
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cf:L.: of various attendance patterns where industrial experience
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Hodern :urricuia are subjected to a thorough evaluation before formal
introduction. This evaluation normally proceeds through two stages. Stage
one is usually referred to as formative evaluation** where the units of the
course are examined for content by experts in the field of study and
educationists and for 'teachability' by teachers and potential students. In
stage two au,:A.aative# evaluation, the whole of the course is examined to
determine wnecher the aims and objectives specified are being attained. This
proceeds through the application of a series of evaluation instruments where
a range of cognitive, affective and psychomotor skills are measured. Although

'aller, A.J., I.E.E.E. Spectrum, 4 March 1967, pp. 124-128

+ Gilbert, R. private communication

F,..e 7)r example studies of Corgrove, S., Sociology (1972) 6, pp. 59-71 and
The Euucation 04 Technologists, Tavistock Publications, London

i96.;

** For an er.ample of formative evaluation of junior science courses see
A.S.E.P. Neibourne

1/ ior an example of summative evaluation see the work of Mackay, L.D., The
ithysicist 01970) V, p. 103



students are used in the evaluation process the Om is to test the course
not the students.

As far as we could determine only the first stage of the formative
evaluation process was used for the civil engineering curricula studied. In
particular the content was examined by the Institute of Engineering and State
Boards (through sub-committees) to determine if the content was 'good
engineering'. Amendments to syllabi were frequently made as a result of this
process. The industrial evaluation of the performance of graduates before
final approval is given to a college course could be interpreted as one
aspect of the summative evaluation process. Generally, however, students are
examined rather than curricula evaluated and the examination is normally over
a narrow range of cognitive skills.

It is also of interest to note that to our knowledge no systematic
evaluatior by industry has taken place of Cie relevance or suitability of a
particular civil engineering course to the tasks performed by students in
industry.

9.7 SUMMARY

We have outlined the basic stages of the curriculum process,
objectives, content, and sequence. We have also commented on the evaluation
and modification stages although detailed examination falls outside the scope
of this report. We hope that the complex nature of curriculum development,
and the large amount of work involved in determining the basis for vocational
curriculum development, have bean made clear. As Vallentine* has said, "The
procedure of drafting or revising a professional engineering course by more
or less democratic procedures in a community of scholars provides an
enlightening, if drawn-out, procedure." The problems are much the same where
certificate courses are concerned. It is now necessary to assemble the main
features of civil engineering training/education at the engineer and
technician level, as we see them, and these together with the findings of the
survey outlined in Chapter 8 will show the basis upon which our recommendatiJns
are made in Char.er 12.

The objective of curricula in ci,ril engineering courses must be to
produce a competent (adaptable) worker with specialised skills for a
particular level of the workforce, engineer or technician; either immediately
after the completion of the course if It is conducted concurrently with
suitable industrial training/experience, or after obtaining such exit rience
in the case of a full-timc 'academic' course. The question of adaptability
has been discussed briefly in this report; sctentific examination of how far
a college course can produce adaptability or encourage or discourage a natural
ability has rarely been done.

The content of the curricula must be related to the tasks performed
in the jobs if minimum time is to elapse between completing the course and
performing satisfactorily in the job.

It is therefore necessary to decide whether the traditional
collection of subjects studied, some largely for their own intrinsic value,
is the correct basis for civil engineering curricula. One must decide:

I) how many separate subjects are necessary?

2) how much of each subject is necessary?

3) when is the best place in the sequence for it to
be taught?

4) what is expected to be gained from the subject or
hndv of tt ant?
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produce a competent (adaptable) worker with specialised skills for a
particular level of the workforce, engineer or technician; either immediately
after the completion of the course if it is conducted concurrently with
suitable industrial training/experience, or after obtaining such experience
in the case of a full-time 'academic' course. The question of adaptability
has been discussed briefly in this report; scientific examination of how far
a college course can produce adaptability or encourage or discourage a natural
ability has rarely been done.

The content of the curricula must be related to the tasks performed
in the jobs if minimum time is to elapse between completing the course and
performing satisfactorily in the job.

It is therefore necessary to decide whether the traditional
collection of subjects studied, some largely for their own intrinsic value,
is the correct basis for civil engineering curricula. One must decide:

1) how many separate subjects are necessary?

2) how much of each subject is necessary?

3) when is the hest place in the sequence for it to
be taught?

4) what is expected to be gained from the subject or
body of content?

The inclusion of subjects for prestige pu-roses, for the excessive

* Vallentine, H.R. "Engineering Education at the University", The Australian
University, Vol. 6, No. 2, Aug. 1968, p. 190.
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inclusio of suojects which can be administered easily, for example
mathematics, or because they appear to have some support value, for example
chemistry, for eleccrical technicians, requires further examination. By
adopting wore careful selection processes for compulsory subjects the right
of tertiary students to choose and study subjects for 'Their own intrinsic
interest will be maintained and extended.

It also is necessary to decide whether some of the traditional
beliefs about subjects which 'train the mind' and produce in the student
crit.ca. ability are valid "reliefs in the light of modern work in
this aeld, particularly when the diszipline is taught by the traditional
lecture, textbook, and practical work for verification approach. Furthermore,
can a generalised transferable ability be taught at all.

Perhaps the rather more concrete evide.ice our survey provides will
be a more substantial basis on which to make curriculum changes than the
basis of what is often, opinion onl and that derived from a basis of
vested interest. Many people have a stake in current curricula, and to have
one's subject pushed out or reduced in hours is personal defeat, but something
must give way if engineering and technician courses are to be of reasonable
durati.i and interest, and be tuned to the needs of today and, hopefully,
tomorrow.

Post sc:ipc.

The additonal content not directly related to employment needs (e.g.
additiollai third year matnematics) and the apparent lack of works exposure as
part of the formal course has been referred to in this chapter and will be
mentlon2a again in the following chapter on professionalism. Readers may wish
to be rem:.nded of the comments concerning course content made in the Wiltshire
Report less than four years ago. There is, intended, to be an emphasis

a. "in treatment of a certain subject or subjects aimed at
relating the studies directly to the work situation,
thus tending to reduce the more general aspects of such
subjects and the course as a whole."

o. "oa studies involving the application of knowledge, with
a consequent reduced emphasis on studies of a more
theoretical nature."

c. "on practical skills to a greater extent in some disciplines
than would be found in courses not specifically designed
for vocational purposes, such skills being of significance
to the occupational needs of the student."

d. "on the planning of the courses so that they are complete
in themselves, thus fitting a successful student for his
work in industry or commerce." (Wiltshire, 1969, p. 17)

/73
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ri4er in this report (Chapter 4.1) we indicated why we
led to use the terms engineer and technician as convenient

laeels for tae two main groups with which this study is concerned.
In addition, these terms were defined. For the engineer we adopted
the definition of a professional engineer prepared by the Engineering
Societies of Western Europe and U.S.A. (E.U.S.E.C.)., which reads
as follows:

"A Professional Engineer is competent by virtue of his
fundameital educational and training to apply the
scientific method and outlook to the analysis and solution
of engineering problems. He is able to assume personal
responsibility for the development and application of
t:ngineering science and knowiedg:.1, notably in referch,
designing, construction, manufacturing, superinti.nding and
managing and in the education of the engineer. lis work
is predominantly intellectual and varied, al,d wit of a
routine mental or physical character. It requires the
exorcise of origina?, thought and judgement aid the ability
to supervise the technical and administrative work of

others.

"his education will have been such as to make him capable
of closely and continuously following progress in his
hranch engil.eering science by consulting newly published
work un a world-side basis, assimilating such information
411 :ipplyinrl. it independently. He is thus placed in a
p.-; on to make contributions to the development of

sciiice or its applic.:tions.

anl ft-lining will have been such thu.t he
Oroad and gkJieral appreciation of the

_4;1; oc-iincc.i a.; well as a thorough insight into
fentlIre.-; fp! his own branch. In due time he

sale 43 gie :Authoritative technical advice and
t r,,s;,ri.'..itAlity for the direction of important

t:Imts ire his branch."

It r., important to note that this definition is made mainly in

-1.mb of duties of te engineer.

In Chapter 4.1 we commented that use 'of the adjective professional

prave Un cause for concern, but there seemed no eaey way of avoiding its

u:;e. In Australia a person could become or was a "professional
(Inw7ineer" if his qualifications (i.e. examination qualifications plus

experience) permitted him or her becoming a member of a recognized
engineering institution, e.g. Institution of Engineers, Australia.

This latter Institution unequivocally says, with respect to the

examination qualifications, + "the only acceptable method of meeting
the initial educational requirement of the engineering profession is

that of uniertaking an ordered course of study in an engineering school

accredited for the purpose."



1,roject concerned with civil engineering curricula
we believed some time, ult,eit :1 little, should be devoted to an
examination of irofez:;ionalism and whether special features existed
in civil engineering courses that could be connected in some way
with later becoming a "professional engineer".

At the same time the hecesa:y corollary of looking at jobs

to determine what uid cr did not confer on them the accolade of
be:ng a professional engineer's job was also very much in mind in
analysing the data gathered from the questionnaires returned to us.
Also T.wo special meetings with carefully selected authoritative
reire3entatives from the civil engiaeering industry at the engineer
ahl tecnnician levels were convened with the express purpose of
attemiling to find out what distinguishes a professional engineer's

work from that of sub-professional/technician work. These meetings

nave oeeh ih Chapter 9.4.

IMMIMMI.M1110M.

* Prcfe-or A.S.Hall from U.N.S.W. made the following comment
"The term "sirofesziohal engineer" has unfortunately been
more or los3 forced into frequent use by the vagueness
attachihg to the term "engineer" standing alone. The quick

ima,f In tne mil, of member of the public by the word
eNGineer" is proi,:Ibly that of "garage mechanic". Plumbers,
gnsfitters, concretors etc. are all "engineers". Ideally,
members of the Institution of Engineers should change their

label entirely, but this is clearly impractical. If "medicos"
called themselves "professional doctors" this would seem to
imply that there are some "unprofessional doctors".
Unfortunately this is the case with the word "engineer".

+ BE-xc Requirements for a Professional Engineering Course -
Cor;olidation of Various; Previous Statements, Council of
The Institution of Engineers, Australia. 20 March 1971.



1.1 :11E PROFE6SIONAL IN SOCIETY

Professional status is a sought after label and an increasing
number of groups of working people are claiming their jobs are
professional in nature. A number of sociologists, philosophers and
others nave looked at the professions and the distinguishing features
of professionalism in modern society. There is reasonable agreement
on the main characteristics. Fox refers to two main criteria - some
decree of science or learning connected with practice, such knowledre
to incluje a range and depth of theoretical principles and their
gearing on the larger difficulties of practice, and secondly - a
code of ethics. Traditionally also a third f,ctor j.nvolving
independence of judgement and decision has existed, but is todby
often hard to achieve under modern conditions in large scale sk'cr-
prib-s, in teaching, in public works and in other community undr-
takings governmental or 'private'.

C.E. Moorhouse writing on professional education states "The
existence of a profession then implies the existence of a body of
knowledge which is generally accepted by its members, and which is
modified in the light of experience, and als2 of a professional
institution". Moorhouse refers to Whitehead' as an authority on
the nature of professions. In his chapter entitled "Aspects of
Freedom" Whitehead writes "the term Profession means an avocation
where activities are subjected to theoretical analysis, and are
modified by theoretical conclusions derived from that analysis. - - -
This foresight based upon theory, and theory based upon understanding
of the nature of things are essential to a profession". Whitehead
claims further "The antithesis to a profession is an avocation based
upon cu:Itomary activities and modified by trial and error of
ind:vidual practice. Such an avocation is a Craft. - - - Without
qie:;tion the distinction between crafts and professions is not clear
co-. In ail stages of civilisation crafts are shot through and
tnr,egh with flashes of constructive understanding, and prof'essions are
bz,Led upon inherited procedures. Nor is it true that the type of men
involvd are to be ranked higher in proportion to the dominance of
abstract, mentality in their lives. On the contrary, a due proportion
cf craftsmanship s(!ems to breed the finer types. The brilliant
hLility, in proportion to population, of Europe in the fifteenth,
sixteenth, and seventeenth centuries suggests that at about that period
the best harmony had been reached. Pure mentality easily becomes
triviLl in its grasp of fact."

Fox, A.C. "Criteria of a Profession"., Australian Journal of
Higher Education.

Moorhouse, C.E., Professional Education. Australian Higher Education
- Problems of a developing system. Ed. Harman & Selby-Zmith,
An,,us & Robertson, Sydney, 1972.

I Whitehead, A.N., "Adventures of Ideau", Cambridge University Press,
1933.
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i",t the time Whitohead was writing, of cuurse, no recognized
int.t.rmedlatt, categry of employment existed between craft and
profession. It war; no'. until after World War II that technicians
and the role they play in our modern technology-based society came
to be more clearly understood.

'Ahitehead nct.,4 the following features of the professions;

a) they were transformed by the advance of scholarship
and rational science which culminated in an inversion
of the roles of custom and intelligence, older
professional practice being rooted upon custom,

b) through this inversion the professional institutions
acquired an international life, each institution
practising within its own nation, but its sources
of life being world-wide. Thus loyalties stretch
beyond sovereign states,

:7) the most important function of these institutions is
the supervision of standards of individual professional
competence and of professional practice,

d the functions of professional institutions constitute
a clear cut novelty within mbdern societies.

Another development, foreshad.)wed by Whitehead and taken up in
recent years by such writers ao Galbraith is the growth in size of

the Llizinecs corporation or economic body corporate. Such
orgalci:7.ationL; employ doctors, lawyers, and engineers. Concurrently
a ..-rcsth in size and number of government agencies, departments,
and inst rumentalities who also employ doctors, lawyers and engineers
han occuried. Any conzideration of professionalism in the 1970's
must take into account the conflict of loyalties and duties that may
exist for a profes.:i, -.3.1 engineer working for a government department
or an international corporation. No conflict exists, of course, if
the adjective professional today has a reduced or limited meaning
compared to 4hitehead's time.

An associated argument applies to a number of groups of people
today who are currently seeking professional status. Amongst these
are teachers, but it has been argued that in spite of the traditional
links of teaching with the church and the ministry the fact that most
teachers are employed by institutions or the government under one
guise or another makes it difficult to see how the independence
associated with professional status can be achieved. Perhaps,
howevf:r, it is the statue that is sought and not the independence

and conc-)mmitant insecurity.

Gooie'' observes that "an industrial society is a profession-
alizing one and asks why. In his essay "The theoretical limits of
Profer,oionalization" he examines the boundary of professionalism and
concludt-s "that many aspiring occupations and semi-professions will
ne!vPr :f.clome pr,Az:-.;on in the usual sqise: they will never reach
the levels of kowledp-e and dedication to service that society
conziithers necessary for a profession. Such occupations include school
teaching, nur:Ang, librarianship, pharmacy, stockbroking, advertising.

business management and others."

"Further, mo.:;t of the occupations that do rise to such high

levels will continue to be viewed as qualitatively differert from

the four great person professions:- law, medicine, the ministry, and

university teaching. This view will correspond to a sociz..1 reality,

for they will be less professional in such traits as cohesion,
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b) through this inversion the professional institutions
acquired an international life, each institution
practising within its own nation, but its sources
of life being world-wide. Thus loyalties stretch
beyond sovereign states,

c) the most important function of these institutions is
the supervision of standards of individual professional
competence and of professional practice,

d) the functions of professional institutions constitute
a clear cut novelty within modern societies.

Anoth-.)r development, foreshadowed by Whitehead and taken up in
recent years by such writers as Galbraith is the growth in size of
the business corporation or economic body corporate. Such
organinationo employ doctors, lawyers, and engineers. Concurrently
a iroisth in size and number of government agencies, departments,
ani inarumentalities who also employ doctors, lawyers and engineers
has occurred. Any consideration of professionalism in the 1970's
must takes into acoc,unt the conflict of loyalties and duties that may
exist for a profeal engineer working for a government department
or an international corporation. No conflict exists, of course, if
the adjective professional today has a reduced or limited meaning
compared to Whitehead's time.

An associated argument applies to a number of groups of people
today who are currently seeking professional status. Amongst these
are teachers, but it has been argued that in spite of the traditi lal

links of teaching with the church and the ministry the fact tha oat

teachers are employed by institutions or the government under of
guise or another make.5 it difficult to see how the independence
associated with professional status can be achieved. Perhaps,
however. it is the status that is sought and not the independence
and concommitant insecurity.

Goode* observes that "an industrial society is a profession-
alizing one" and asks why. In his essay "The theoretical limits of
Profesoionalization" he examines the boundary of professionalism and
concludt-s "that many aspiring occupations and semi-professions will
never become professions in the usual sense: they will never reach
the leve

t.

,i of knowledge and dedication to service that society

14,1considrs ecessary for a profession. Such occupations include school
t,2aching, nur-ing, libr=lrianship, pharmacy, stockbroking, advertising,
business management and others."

"Further, most of the occupations that do rise to such high
levelr, will continue to be viewed as qualitatively different from

the four exeut person professions:- law, medicine, the ministry, and

eniversity teaching. This view will correspond to a social reality,
fc,r thy will be less professional in such traits as cohesion,
ce-!nitment to norms of service, percentage of members remaining in

.....
The Higher National Certificates (H.N.C.) it, engineering existed

11.K. 4J, l'frf.C's but were essentia.ly intended for
professionals in training who could not afoid full time attendance
at university (or who did not hold appropriate entrance qualifications)
rather than as technical courses for technicians as they are today.

+ Goode, W.J. "Theoretical limits of profes..i,malization" Chapter 6 of

"The semi-professions and their orgenisation". Editor
Etzioni A. Free Press. New York, U.S.A. 1969. 117.



tae pro!lori throughout their lifetime, homogeneity of membership,
control oVeV profica41 violation and others. In this; narrower
6enue theh, the occupational structure of industrial society is
Lot oeconins getlerally mure professionalized, even though a higher
pereentF:e of the labour force is in occupations th..t enjoy higher
pri,-e rankings and income and that call themselves professions."

Later when discussinF7 the generating traits of professionalism
Soode a number of traits but concludes that the two central
t3her.itinc7 qualities are:

1) a basic body of abstract knowledge
2) the ideal of service

Goode states further that:

professions normally have a monopoly since society
has been persuaded it is dangerous to allow
others to practice,

b) they have autonomy because others cannot judge their
performance and are likely to shape their legislation,
the manning of control and examination boards, and
determine any standards for licensing,

c) members are likely to remain in the profession, and to
assert they would choose the same work if they were
to begin again,

d) the .-ervice ideal is incorporated in a code.

Towards the end of his essay C;oode deals at length with the
Person Professions and examines a facet of professionalism - the
relationship between the professional and his client. A salient
feature of this relationship is trust, the client must allow the
profozional to know intimate and possibly damaging E. crets about
his lile if the task is to be performed adequately. On occasions
tier,, can be intensive interaction between the client and the professional.
In c)ntrast, the client can be a corporate one when interaction is much
less, tud the arrangement takes on the form more of a contract and less
of i'erhups as rsoode concludes "the core of four creat person

as not expanded much to include many new prc Cessions, in
cont r% with the higher-level manap;erial and scientific-technicil
prof,:z;i1.,)z,z :And semi - professions. In this much narrower sense then it
is not, entL'ely clear that tha industrial occupational structure of the
Jociety is generally professionalizing. Relatively few professions are
arising that require trust and autonomy and that can obtain it through
tranactions vith society."

This view tends to add weight to our own uneasiness about the
on the adjective professional when defining the engineer.

However, let U6 look more closely at the engineer and professionalism,
.1 .tray the profeszional engineer in Australia. In a recent

book Lloyd' (who has occupied executive positions with the Association
of Prcfe-sicnal Engineers, Australia) traces the development of engineer-
ing eicrItion and the engineering societies. He remarks that "education
in the format senoe for the profession of engineering began within the
last cent'iry or so, but the origns of engineering are lost in antiquity.
- - "Engineering, as the term is ui.derstood today with its organized
body of knowledge of both art and science 4.items from the Industrial
Revolution in 18th century Britain". However "provisions for engineering
education from the beginnings of industrialization in Europe caused a
class of professional engineers to arise in a manner much better defined
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feature of this relationship is trust, the client must allow the
prof,?sional to know intimate and possibly damaging secrets about
his life if the task is to be performed adequately. On occasions
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In contrast, the client can be a corporate one when interaction is much
less, and the arranzement takes on the form more of a contract and less
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:;oriety as r:enerally professionalizing. Relatively few professions are
arising that require trust and autonomy and that can obtain it through
tran,;actions with society."

This view tends to add weight to our own uneasiness about the
on the adjective professional when defining the engineer.

iic,wever, let us look more closely at the engineer and professionalism,
particf.larly the professional engineer in Australia. In a recent
book Lloyd' (who has occupied executive positions with the Association
of Prof,..;sional Engineers, Pustralia) traces the development of engineer-
ing eil.cation and the engineering societies. He remarks that "education
in the formal sen:3e for the profession of engineering oegan within the
last century or so, but the origins of engineering are lost in antiquity.

"Engineering, as the term is understood today with its organized
body of knowledge of both art and science items from the Industrial
Revolution in 18th century Britain". However "provisions for engineering
education from the beginnings of industrialization in Europe caused a
class of professional engineers to arise in a manner much better defined
than in England."

Lloyd, B.E. "The Education of the Professional Engineer".
Association of Professional Engineers, Australia, 1968.
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John Smeatun and his colleagues adopted the term "civil

engineer" late in the lath century, to distinguish the civilian

practitioner from the military engineer, and grouped together as
the "Smeatonians" or tLe Society of Civil Engineers. Later in 1878

the Institution of Civil Engineers was formed. The alerican Society

of Civil Engineers was founaed in 1852.

A feature of the American, British and Australiar, engineering

societies from their beginnings is their independence and self

goverhment. They do not operate under any statute as agencies of

the State as do the engineering organisations in some European

countries. The Royal Charters granted to institutions in the

British Commonwealth are charters of recognition which confer powers

rather than decrease independence by State regulations.

Three major bodies represent engineers in Australia. Learned

society and accreditation functions are provided by the Institution

of Engineers, Australia. The professional and economic interests
are the province of the Association of Professional Engineers Australia.
Consulting Engineers have formed the Association of Consulting Engineers,

Australla, to irovide similar services for self-employed engineers.

Lloyd states, with reference to the formation of the Association of
Frofezt:ionaa Engineers, Australia "It became evident that employee

professional engineers needed a separate identity, and that this

could only be achieved through a strong professionally based in4ustrlal
relEvions organisation. - - - - The Association has adopteu the titre

"Profetsional Engineer" to identify those engaged in 'engineering at

the i.rofessional level. Through the registration under the
;ommonweal.th Conciliation and Arbitration Act of its qualifications for
membership together with the definitions in its national awards, it has

i!L;tablist:%?d legal status for the title and practice of the employee
yrofezzionai engineer as a person engaged on duties, the adequate

iischarge of any po..on of which requires qualifications as (or at

least equal) those of a Graduate member of the Institution of Engineers,

Australia. - - The Institution provides clear and unequivocal
criteria for the location of its boundaries, by the accreditation of

courses in engineering as suitable qualifications for membership. Such

accreditation is directed (vertically) to the level of intellectual
attainment and (horizontally) to whether courses are in what are

recognized as engineering disciplines. It follows therefore that in

Australia persons holding qualifications accepted by The Institution

are, ipso facto, Professional Engineers. It also follows that those

outside the lateral boundaries are not Professional Engineers, and
that those within the lateral boundaries, but whose academic
attainmentn, while substantial, but fall below the plane, are

engineering technicians."

There i no st4tutory control of engineers by registration in
Australia similar to that which exists in the U.S.A., (the council of

the Institution decided against legal registratpn on 27 April 1963),
the essential component is the possession of qOalifications acceptable

to Inst:tutaon of Enrineers, Australia. The Association of
hnt-isee , concrh:, itnelf with raising the

(:;alary levei5, working cDndition.7, etc) of employee professional

engineers. These two bodiet, together with the Association of Consulting

Engineer;., Australia, are together entirely responsible for defining

the bosndsries of professionalism as it applies to Engineers, the
Government either Federal or State plays no role.

We could conclude ..herefore that the basis of definition of a

srofessional engineer lc in term; of qualification. However, some

reference to experience made by the Institution of Engineers in

this hvo-luos. unde nealficati.ons of Members. bye -law 14,
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government. They do not operate under any statute as agencies of

the State as do the engineering organisations in some European

countries. The Royal Charters granted to institutions in the

British Commonwealth are charters of recognition which confer powers

rather than decrease independence by State regulations.

Three major bodies rwesent engineers in Australia. Learned

society and accreditation functions are provided by the Institution

of Engineers, Australia. The professional and economic interests
are the province of the Association of Professional Engineers Australia.
Consulting Engineers have formed the Association of Consulting Engineers,
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are, ipso facto, Professional Engineers. It also follows that those

outside the lateral boundaries are not Professional Engineers, and
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engineering technicians."

There io no statutory control of engineers by registration in
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the Institution decided against legal registration on 27 April 1963).
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to 'hp.? InI3t.t4tion of Egineero, Australia. The Association of
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r,fcrv:xc to experience made by the Institution of Engineers in
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:;ecfloN (IV) which readu:



"(A canaiaate for election or transfer into this grade
produce evidence to the satisfaction of the Council)

- - - iv. That having been engaged for at least
four years in the practice of the profession
of engineering, he shall have gained thereby
experience deemed satisfactory by the Council.
In the case of a candidate who is a graduate
in engineering of a University recognised by
the Council for this purpose the term of four
year may be reduced to three years".

We know no check list of the range of preferred skills
expectea within the specialist field of engineering or the ability
to be aemonstrated within any skin. The traditional procedure
allear::, to be confirmation of performance by a generalised statement
from two or three referees.

The Institution of Engineers has listed Australian Degrees
and Diplomas recognized by it for the grade of Graduate (Member)
(April i972). It has also set out the basic requirements for a
Profeasional Engineering course * and states what an acceptable course
is expected to include. When referring to practical experience and
professional responsibility material it states in items 4 and 5,
the course is expected to include

" 4) some practical experience relevant to the course,
obtained outside the teaching establishment.

professional responsibility material related to
the social effects of engineering decisions. "

One must wonder how far various courses do provide any material
concerned with the practice of the profession of engineering.

We have referred earlier to the medical profession and
reciL/rable qualifications, but it should be recognized that the
ztahuard N.B. B.S. programme includes from the second or third year
systematic practice in the application of the "applied science of
the earlier years", and the degree itself implies that a satisfactory
sta,,Jard of practice is required. Moreover a period of "internship"
where further systematic and comprehensive training is provided is
require,; before the graduate can practice as a "professional". Few,
;f %nil engineering courses can lay claim to such vigorous safeguards
to 1.rotect the lublic.

The aajective professional may be applied to an engineer by
a circuia argument of the sort that has been used by interested
bodies b,it one must ae quite clear that when used for the engineer
it doc..1_, not imply in most cases that the person has been systematically
taught 31TA that his performance has been systematically examined and
deemea satisfactory in the practice of the occupation before he receives
his LE.c.;ic registrable degree or diploma.

We have mentioned that independence of judgement has been a
feature of ITufessionalism, but that this may be difficult to
exerc,.L;e in employment with a government department or large
corporation. To what extent are engineers employees of ouch
organi:;ations? A broad summary of the pattern of engineering
employment (all types of engineer) is provided by a table compiled
by Lloyd from national survey in 1967. This is reproduced us
Table 10.1.



years may be reduced to three years".

We know of no check list of the range of preferred skills
expected within the specialist field of engineering or the ability
to be demonstrated within any skill. The traditional procedure
appear. to be confirmation of performance by a generalised statement
from two or three referees.

The Institution of Engineers has listed Australian Degrees
and Diplomas recognized by it for the grade of Graduate (Member)
(April 1972). It has also set out the basic requirements for a
Profesiional Engineering course and states what an acceptable course
is expected to include. When referring to practical experience and
professional responsibility material it states in items 4 and 5,
the course is expected to include

" 4) some practical experience relevant to the course,
obtained outside the teaching establishment.

5) professional responsibility material related to
the social effects of engineering decisions. "

One must wonuer how far various courses do provide any material
concerned with the practice of the profession of engineering.

We have referred earlier to the medical profession and
registrable qualifications, but it should be recognized that the
staLaard N.B. B.S. programme includes from the second or third year
systematic practice in the application of the "applied science of
the earlier years", and the degree itself implies that a satisfactory
stah,dard of practice is required. Moreover a period of "internship"
where further systematic and comprehensive training is provided is
requ.:re-: refore the graduate can practice as a "professional". Few,

if anj, engineering courses can lay claim to such vigorous safeguards
to 1.rotect tLe iublic.

aa,jective professional may be applied to an engineer by
circu.Lar argument of the sort that has been used by interested

bodies tilt one must be quite clear that when used for the engineer
it doe:, not imply in most cases that the person has been systematically,
taught anti that his performance has been systematically examined and
ieemea satisfactory in the bractice of the occupation before he receives
his; basic registrable degree or diploma.

We have mentioned that independence of judgement has been a
feature of irofessionalism, but that this may be difficult to
exerc. in employment with a government department or large
corpora..;on. To what extent are engineers employees of ouch
organa.lohs? A broad summary of the pattern of engineering
employment (all types of engineer) is provided by a table compiled
by Lloyd from a national survey in 1967. This is reproduced as
Table 10.1.

.1.
' Basic Requirements for a P Jfessional Engineering Course,

L;onsolidation of Varous Previous statements, Council
of the Institution of Engineers, Australia. 20 March 1971.
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TA-6LE 10.1 PATTERN OF ENGINEERING EMPLOYMENT

.011MIIINI
Category (DI Employer Percentage by Employment

Private Enterprise

Public Enterprise

Com7Lonwealth Public Service
State Public Service
Commonwelth Instrumentality
,state Instrumentality
Local Government - Civil
Electricity Undertakings (other

than above)

Echication, armed forc, and others

:otr..1 (12,370 returns)

31%

16 ) 26%
10 )

3 ) 27%
24 )

6 ) 10%
4 )

6%

MIIIMMIIM

100%

In 1971 the Department of Labour and National service surveyed
the t7. 1.loyment pattern amongst engineers who were members of the

r,cor7nat:ea engineering institutions and found the following:

:AELE 1U.2 PATTERN OF ENGINEERING EMPLOYMENT (1971)

All
Engineers

Civil
Engineers

Private industry (including self-
employed and Partnerships)

46.2% 39.1%

Commonwealth Government 14.4% 7.1%

Armed Forces 1.8% 1.2%

State Government 25.1% 34.89

Local Government 6.7% 13.1%

Educ.itional and others 5.8% 4.7%

100.0% 100.0%

I

Our own investigations in the early phases of this project
aimed at establishing the pattern of employment ofl,rofessional"

civil engineers showed:

PATTERN OF ENGINEERING EMPLOYMENT (1922)

Type of employer Civil Engineers

(7on:,iltrinto

Contr7ictor:,

IndutAry

C,,mmonwealth Government

19%

13%

4%

6%
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State Public service
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..state Instrumentality
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than above)
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24 )

6 ) 10%
4 )
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t12,370 returns) I
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In 1971 the Department of Labour and National .service surveyed

the ,:nil,:ymez.t pattern amongst engineers who were members of the

r.,>cnIce,i engineering institutions and found the following:

1.2 PATTERN OF ENGINEERING EMPLOYMENT (1971)

All Civil
Engineers Engineers

Private industry (including self-
employed and Partnerships)
Commonwealth Government

Armed Forces

State Government

Local Government

Educ:ttional and others

46.2%

14.4%

1.8%

25.1%

6.7%

5.8%

100.0%

39.1%

7.1%

1.2%

34.8%

13.1%

4.7%

100.0%

Our own investigations in th- early phases of this project
aim(!ri ht e6tablishing the pattern of employment oflarofessional"

civil engineers showed:

1C; 1, PATTERN OF ENGINEERING EMPLOYMENT (1972)

Type of .?liployer Civil Engineers

Cc,rltantz

Conf_r%ctore

(3neral Indutry

,!7(1hwealth Government
;;n:Hiling Armed Forces)

;:t ate ,ioverrAment

LocEll .lovernment

19%

13%

4%

6%

48%

10%

100%



civil engineers are predominantly employees, and
81 (+)r more, if one assumes that some of the group labelled

.111 be employees,) appear to face the conflict of
refurca ,0 earlier and will not be able to exercise

inaependeht judgement.

Returning now to the features which distinguish professionalism.
Briefi:: these are:

(..,) a body of science or learning connected with
practice and including theoretical principles
and tneir bearing on the larger difficulties
of practice,

(b) a code of .ethics incorporating the ideal of service,

(c) independence of judgement and decision.

How far does the practice of civil engineering in Australia
today incorporate these features?

(a) There is a body of science or learning connected with
practice, but we have formed the impression during
this study that insufficient emphasis is given to the
bearing of this on the larger difficulties of practice.
We will refer to this again under recommendation.
Cnapter 12.

(b) There is a code of ethics with nineteen items which
deals with conduct and behaviour:; in certain situations,
and which states, item 1, headed "Duty to Community - -

Lagineers responsibility to the community shall at
all times come before his responsibility to the
Profession, to sectional or private interests, or to
other engineers".

(c) Ili view of the employee nature of the status of many
civil c..gineers it would not be possible for them to
,-;.xrcise independence of judgement and decision, and
une wondero how far they can obey item 1 of the code
of ethics mentioned under 'b' above because of this
1.Ack of independence.

rrently the medical profession in Australia is grappling
with the Federal Government over a proposed National Health Service.
All the doctors arguments reduce to this basic theme of service to
the client and that such a service can only be provided, and
independence of judgement and decision preserved, if the doctors
remain in private practice and do not become government employees.

If thi3 is such an important aspect of professionalism then
civil +..I.ginver..: in Australia are not, in the main, professional in
the traditional sense of the word. There is little scope for the
majority of them to develop and exercise qualities of responsibility
to individual clients or even to society at large.

Even if little opportunity exists for them to do so the
question must arise as to whether they would freely exercise
"professional" responsibility if opportunity did present itself.
How far do civil engineers know what traditional professionalism is
all about? Do they merely believe that it is concerned with
negotiated salary ranges and bean, a member of the Institution. The
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Briefly these are:

(a) a body of science or learning connected with
practice and including theoretical principles
and tneir bearing on the larger difficulties
of practice,

(b) a code of ethics incorporating the ideal of service,

(c) independence of judgement and decision.

How far does the practice of civil engineering in Australia
today incorporate these features?

(a) There is a body of science or learning connected with
practice, but we have formed the impression during
this study that insufficient emphasis is given to the
bearing of this on the larger difficulties of practice.
We will refer to this again under recommendation.
Cnai:ter 12.

(b) There is a code of ethics with nineteen items which
deals with conduct and behaviours in certain situations,
and which states, item 1, headed "Duty to Community - - -
An Engineers responsibility to the community shall at
all times come before his responsibility to the
Profession, to sectional or private interests, or to
other engineers".

(c) in view of the employee nature of the status of many
sivil engineers it would not be possible for them to
,xt.rcizie independence of judgement and decision, and
one wonder how far they can obey item 1 of the code
oL ethics mentioned under 'b' above because of this
lack of independence.

:iirreh.1y the medical profession in Australia is grappling
wItn the Fede:-Lii Government over a proposed National Health Service.
All the doctors arguments reduce to this basic theme of service to
the client and that such a service can only be provided, and
independence of judgement and decision preserved, if the doctors
remain in private practice and do not b;.ofne government employees.

If tnin is such an important aspect of professionalism then
civil engineers in Australia are not, in the main, professional in
the traditional sense of the word. There is little scope for the
majority of them to develop and exercise qualities of responsibility
to individual clients or even to society at large.

Even if little opportunity exists for them to do so the
question must arise as to whether they would freely exercise
"professional" responsibility if opportunity did present itself.
How far do civil engineers know what traditional professionalism is
all about? Do they merely believe that it is concerned with
negotiated salary ranges and being a member of the Institution. The
Institution of Engineers, Australia, has stated an acceptable
engineering course is expected to include "professional responsibility
material related to the social effects of engineering decisions". We

one mutt wonder how far various courses do provide any
material concerned with the practice of the profession of engineering.

"Code of Ethics ". The Institute of Engineers, Australis, 1966
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10.2 VIEWS OF C..A.E.'S AND UNIVERSITIES ON COURSE CONTENT
RELATED TO PROFESSIONALISM

In order to determine how far current courses in civil
engineering do provide insight into the implications of the label
"professional ", tertiary institutions in Australia offering such
courses were approached for their comments and answers to four

questions. The preamble mentioned this present study, our interest
in the term professional as applied to engineers, and a request for
frank comments.

The four questions were :

1. Does your degree/diploma course set out to produce an
embryo professional civil engineer who has had basic
experience :Ind exposure to "practice" and needs only
a minimum additional period, essentially of maturation,
before receiving full "professional" status?

2. In the normal M.B., B.S. programmes in medical schools
systematic clinical experience is included as an essential
component and the graduates are expected to follow at
least a further year of supervision training before
independent practice? What comments do you care to make
concerning the comparison between the medical "profession"
and medical education and the civil engineering "profession"
and civil engineering education?

3. Is related industrial experience in civil engineering a
compulsory component of your course, and if so

(a) how many months are required
(b) wiien are students expected to acquire this -

normal term time or vacation

(c) is it supervised directly by the staff of
the university /college'

4. In the course what components, if any, are included to
cover

"(5) professional responsibility material related
to the social effects of engineering decision".

specific u:::ed

Pe:l.ez; were recP:ved from all universities with the exception
Uhiver;;;ty t4' Newcastie and all C.A.E.'s with the exception of

rie :201.th Australian Inotitute of Technology. Our thanks are due to

the heaki- of department concerned for their detailed and helpful

commiqit.;.

Much of the material that follows has been discussed earlier

in the appropriate section of the previous curriculum chapter. The
content is expanded however, with respect to its implications for
prr>fe:-,sionalisr,. Extracts from the replies received have been cited
expressing representative viewpoints. This makes the chapter longer,



in the term professional as applied to engineers, and a request for
frank comments.

1.

The four questions were :

Dues your degree/diploma course set out to produce an
embryo professional civil engineer who has had basic
experience and exposure to "practice" and needs only
a minimum additional period, essentially of maturation,
before receiving full "professional" status?

2. In the normal M.B., B.S. programmes in medical schools
systematic clinical experience is included as an essential
component and the graduates are expected to follow at
least a further .^...r of supervision training before
independent practice? What comments do you care to make
concerning the comparison between the medical "profession"
and medical educa'cion and the civil engineering "profession"
and civil engineering education?

3. Is related iniustrial experience in civil engineering a
compulsory component of your course, and if so

(a) how many months are required
(b) wi.en are students expected to acquire this -

normal term time or vacation

(c) is it supervised directly by the staff of
the university/college

4. In the course what components, if any, are included to
cover

"(5) professional responsibility material related
to the social effects of engineering decision".

6recific used

were rec,.:ved from all universities with the exception
(It 1;hiverr;it:; of Newcastle and all C.A.E.'s with the exception of
tr.e .;o4.th Awitrailah Institute of Technology. Our thanks are due to
thP Lt.7A,1- of Lief,artment concerned for their detailed and helpful

comm(!nt.;.

Much of the material that follows has been discusoed earlier
in the? appropriate section of the previous curriculum chapter. The
cohint it expanded however, with respect to its implications for
profe:31;ionalism. Extracts from the replies received have been cited
expreshing representative viewpoints. This makes the chapter longer,
but w.thout direct quotations we believe much of this source material
wolld be unavgilable and much of its impact would be lost.

Their contents are summarized below:-
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C.A.E.'s

Most C.A.E.'s gave either a yes or a qualified yes to this
Qualifications to the answer with respect to training

included

"they will need to learn the particular techniques and
*ccedurea adopted by their employer since it would be
imi.ossible in the time available to expose them to those
many different aspects of "practice".

arid in contrast

"Yes - at _Least with regard to the "bread and butter"
activities encountered in many civil engineering projects."

The limitations of classroom based teaching were stressed by
one head of department. (An alternative approach will be discussed
later) .

"By its very nature only certain aspects of Civil Engineering
can be taught in a classroom, thus ---- I would suggest that
the Civil Engineer not only matures but learns a great deal
more ---. In construction management work there is only
marginal exposure to practice e.g. site visits and those
aspects which are suitable for teaching in the classroom
environment."

Effective liaison with industry was stressed by another college.

We --- "aim to produce an Engineer with the knowledge and
required so that a graduate can be immediately useful

*o inath;try. The department has close liaison with industry
tht) (;ivil Engineering work of the course is made to be

irctical. Vi:iits to industry are common and project work
i; carried out in a real situation, in most cases taking an
ictual job from industry (this college does not have a
comfalsory industrial component)."

The influence of the Institution of Engineers was cited by
one uolvl

becaue that is the way the Institution views the process
of prouucing a "professional" civil engineer; and if their
yardstick is used our graduate should have the necessary
inventory (training, experience) to be, according to this
yardstick, called "fully qualified". However, in my personal
opinion, this period "maturation" in fact requires a
r.ubotantial amount of time regardless of the extent of
academic training; experience :is important"

The lack of systematic training as cited by two other colleges

"We censides that our products still require a considerable
amount of further training before they are full professionals,
although our sandwich course has a considerable industrial
content and obviously reduces this training period
considerably"



"However, a civil engineer is always learning and it
woulu be wrong td say our diplomates only need maturation
post graduate ---- they need to develop expertise in

a) applying their knowledge and skills to practical
problems

b) fitting into an organisation in the work situation
as distinct from the college situatioh

c) aspects of the profession (such as construction,
handling staff, administration practice) that
cannot be taught in college

The Arbitration Award has recognised this by defining an
"experienced" engineer as a diplomates with 5 years post graduate
experience.

This need "to develop expertise in applying their knowledge
and skills to practical problems",perhaps the vital component of
professionalism, although recognised in theory by the teaching
institutions appears in practice to be very much left to chance.
Regretably the complete integration of the theoretical college
component with the applicational industrial component of what might
best be regarded as cie overall curriculum has never been achieved.

One university head made explicit the implicit assumption
of the present system

"On graduation he should also have sufficient insight
into the processes of design and synthesis to be able
to contribute - probably slowly at first - to a design
(or other T.:,an) and with a few years of guided activity
(and reasoL.,lle luck in the choice of superiors) become
an efficient professional."

Perhaps the section in parenthesis ought to have been written
in block capitals.

Essentially therefore, training for the vital component of
civil engineering - ability to apply the theory in practice - is
left to an unorganised random type of pseudo apprenticeship, without
the .safeguards now sought for trade education in many European
i;ountries (particularly Germany).

Universities

With two exceptions the universities gave either ayes' or
a qu:43ified yes' to this question.

Two univer6itie::, were more emphatic in their yes than most
(;.A.E.s ana both included a substantial experience component as a
compulsory part of their degree course.

* T rind M *-404, ne M rohnninp4 M



aspects of the profession (such as construction,
handling staff, administration practice) that
cannot be taught in college

The Arbitration Award has recognised this by defining an
"experienced" engineer as a diplomate with 5 years post graduate
experience.

This need "to develop expertise in applying their knowledge
and skills to practical problems ",perhaps the vital component of
professionalism, although recognised in theory by the teaching
institutions apyears in practice to be very much left to chance.
Regretably the complete integration of the theoretical college
component with the applicational industrial component of what might
best be regarded as one overall curriculum has never been achieved.

One university head mane explicit the implicit assumption
of the present system

"On graduation he should also have sufficient insight
into the processes of design and synthesis to be able
to contribute - probably slowly at first - to a design
(or other plan) and with a few years of guided activity
(and reason_,lle luck in the choice of superiors) become
an efficient. professional."

Perhaps the section in parenthesis ought to have been written
in block capitals.

Essentially therefore, training for the vital component of
civil egileering - ability to apply the theory in practice - is
left to an unorganised random type of pseudo apprenticeship, without
the safeguards now sought for trade education in many European

c.intrie (particularly Germany).

Universities

With two exceptions the universities gave either a'yes' or
a qualified 'yes' to this question.

Two universities were more emphatic in their yes than most
C.A.E.s and both included a substantial experience component as a
compulsory part of their degree course.

Jahoda, M. The Education of Technologists. Tavistock Publications
London 1963

Jahodu discusses theoretical issues in her book using the Tavistock
:_ocio Technical. Analysis procedure and argues the exclusion of
industry from the decision making process in oorse construction.
All arrangements in the diploma courses would nevertheless ultimately
be mubject to final decision within the educe tonal system only. Her
argument rests in the assumption that "educe ions' systems, in order
to function with optimal efficiency, require on internal organization
in order to establish priorities relevant to their central task.
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The qualifications to the "yes" were similar to those expressed
above, for example,

"A short answer to the question would be "yes" if the practice
meant mainly analysis and synthesis, or office work as
against field work. ---- If he goes straight into construction
or similar fields, he will probably be of less immediate use
and be more dependent on 'on the job' training for the
maturing process. The 'No' answers both emphasized "the
assumption that they will be subject to several years of
processional training after graduation". Both universities
which answered'No' had petiods of industrial experier e as a
component of the course greater in duration than most C.A.E.:.;
but the purpose of these was "aimed mainly at showing how the
engineering theory is supplied. They are not intended to
provide professional experience."

The expectation that most graduates would have

"a sufficient background in science and engineering science
to be able to follow new developments for some years after
graduation without retraining, and hopefully contribute to
them after a relatively short time in practice"

was mentioned by some universities.

10.5 EVi.UATION OF THE TRAINING COMPONENT

The integration (with education) and systematic evaluation of
the training component was developed further in the fiat section of
Question 2 which then sought opinion concerning similarities and
differences between medicine and civil engineering as professions and
their associated education - training demands.

10.3.1 The Training Component - C.A.E.s

from
Again considerable differences were noted among the C.A.E.s rangin

"a properly designed course of postgraduate or undergraduate
training would be of considerable assistance in the rapid
development of "professionalism" in engineering students"

to

"there appears to be no advantage in engineering educationalists
demanding that students undergo a lengthy supervised
"orientation" program prior to the award of a qualification--
it is the reslonsibility of C.A.E.'s and universities to
provide the appropriate engineering education program, that
may or may not include a variety of "clinical" programs for
educational reasons".

One might here make a Biblical reference *

Most, however, favoured greater training components, one
stating explicitly

"Agree provided that we can supervise the work in industry -



maturing process. Ihe 'Not answers both emphasized "the
assumption that they will be subject tc several years of
professional training after graduation". Both universities
which answered'Nehad periods of industrial experience as a
compontat of the course greater in duration than most C.A.E.s
but the purpose of t!--.ese was "aimed mainly at showing how the
engineering theory is supplied. They are not intended to
provide professional experience."

The expectation that most graduates would have

"a sufficient background in science and engineering science
to be able to follow new developments for some years after
graduation without retraining, and hopefully contribute to
them after a relatively short time in practice"

wai, mentioned by some universities.

10.1 EVAnUATION OF THE TRAINING COMPONENT

The integration (with education) and systematic evaluation of
the trining component was developed further in the first section of
Question 2 which then sought opinion concern...rig similarities and
differences between medicine and civil engineering as profession:: and
their associated education - training demands.

from

The Training Component - C.A.E.s

Again considerable differences were noted among the C.A.E.s rangin

If a properly designed course of postgraduate or undergraduate
training would be of considerable assistance in the rapid
development of "professionalism" in engineering students"

to

"there appears to be no advantage in engineering educationalists
demanding that students undergo a lengthy supervised
"orientation" program prior to the award of a qualification-- -

it is the responsibility of C.A.E.'s and universities to
provide the appropriate engineering education program, that
may or may not include a variety of "clinical" programs for
educational reasons".

One might here make a Biblical reference

Most, however, favoured greater training components, one
stating explicitly

"Agree provided that we can supervise the work in industry -

a difficult task. The alternative would be to set up the
equivalent of the "teaching hospital".

Matthew 27 Verse 24

126.



The advantage of this type of "hospital" arrangement followed
by a comi.onent concerning the &one.. duration of most medical
If projects" (cases) in comparison with those in civil engineering was
reported by some colleges.

"appears to be a practical difficulty in finding engineering
establishments which would be prepared to supervise the
graduates for minimum terms on a number of varying
engineering environments. A hospital tends itself to a
concentration of varied assignments, each of them relatively
short termed, compared with engineering assignments"

This problem of providing suitable industrial establishments
was mentioned by several colleges

"By and large no formal period of this nature is available
for Civil Engineers but it has been recognised as
desirable by larger employers who have the facilities to
establish training programs. Economic feasibility is
important since it would mean a government controlled
program of at least 1-2 years and is unlikely to be acceptable"

The "sandwich" method of providing supervised training was
endorsed by several colleges but again the problems of industrial
placement for college based students was stressed.

" I am very much in favour of a sandwich course of the type
run by N.S.W.I.T. with supervised and controlled pcfriods
in industry preferably with more than one employe:* --
employers will have to be persuaded to accept more students
for training

At presen,. in X , students are responsible for obtaining
themselves re.ated experience; they have difficulty in
obtaining employment and often do not obtain it until after
completion of full-time studies. They would benefit
considerably from a 'sandwich' period in industry part way
through the course"

In their handbook Swinburne College of Technology state that

"The industrial training scheme has proved most successful
and the Department gratefully acknowledges the assistance
and co-operation of the following sponsors"

In the list that fol3nwad two private companies are mentioned
W.P.brown and Associntes,and Civil and Civic Pty.Ltd., the remaining
sixteen employers are either local government or State bodies.
Clearly private industry is not accepting its share of training
responsibility. In the U.K. private firms Fire subsidised by the
c(.ntrrAl, government and come industrial training boards to cover part
of reui cootn In training sandwich students: would a similar
ncheme hell, in Australia. AL; an alternative a government controlled
Wid financed frogram (mentioned earlier) operated essentially by State
:And National government organisations might be considered.

One college would resist

"any trend to make engineering courses longer than 4 full time
years"
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Tire effect of outside influences on educational decisions,
in tells case competition from neighbours, is clear from the following
comment

"While these courses are very popular in the U.K. they
are not used much here owing, I believe, to administrative
worries

I believe we should insist that our students gain practical
experience of 12 months before attempting their final year,
b,At if I ao this here at Y students will go elsewhere
to get "qualified" sooner, since they get award salary for
"qualified" engineer as soon as they pass their diploma,
irrespective of experience".

The implications of this statement need further and serious
consideration.

10 The Trainin Com onent - Universities

University comment centred round the similarity in total
length of program with medicine if the two year period of additional
practice experience is added to the four year period of college

education. It was noted, however, that this

"clinical work of the doctor appears to have been more
strictly controlled than in the case of the professional
training of the civil engineer"

The most detailed comment is given below

"The compulsory vacation work training, which is intended to
acquaint the students with 'real' engineering and some of

its problems, is probably tov limited in time to achieve
its full potential as an educational technique. There is
also little control over the type of work engaged in, and

the field is in fact so broad that a student can only hope
for a little insight into one or two specific pboelbms in
one of the main streams of civil engineering. His first

year or two afte. graduation will normally amount to
supervisor-training, but there is no engineering equivalent
of a centralised all purpose institute such as a hospital.
An arguable case can be made out for spending a sizeable

amount of time on 'supervised practice' during the course -

say after third year - but this would be difficult to
organize, both for the University and the outside offices.

Medicjae and Civil Engineering

The most detailed comparison between medicine and civil

engineering as professions was provided by the Darling Downs Institute
of Advanced Education and it is summarised below along with some other

comments :

a) 1) Doctors are trained for direct dealing at
the bedside

n " t ..1. a.4, I-411 A



I believe we should insist that our students gain practical
experience of 12 months before attempting their final year,
but if I do this here at Y , students will go elsewhere
to get "qualified" sooner, since they get award salary for
"qualified" engineer as soon as they pass their diploma,
irrespective of experience"_

The implications of this statement need further and serious
consideration.

10.3.2 The Training Component - Universities

University comment centred round the similarity in total
length of program with medicine if the two year period of additional
practice experience is added to the four year period of college

education. It was noted, however, that this

"clinical work of the doctor appears to have been more
strictly controlled than in the case of the professional
training of the civil engineer"

The most detailed comment is given below

"The compulsory vacation work training, which is intended to
acquaint the students with 'real' engineering and some of
its problems, is probably too limited in time to achieve
its full potential as an educational technique. There is
also little control over the type of work engaged in, and

the field is in fact so broad that a student can only hope
for a little insight into one or two specific pboelbms in

one of the main streams of civil engineering. His first

year or two after graduation will normally amount to
supervisor-training, but there is no engineering equivalent

of a centralised all purpose institute such at; a hospital.

An arguable case can be made out for spending a sizeable

amount of time on 'supervised practice' during the course -

say after third year - but this would be difficult to
organise, both for the University and the outside offices.

Medicine and Civil Engineering

The most ' letailed comparison between medicine and civil

engineering as professions was provided by the Darling Downs Institute
of Advanced Education and it is summarised below along with some other

comments :

a) 1) Doctors are trained for direct dealing at
the bedside

2) Doctors must learn manipulative skills and
techniques particularly in surgical work

3) Doctors for private practice must learn to
work on their own early in their career (group

practice notwithstanding). Some consultation
is clearly available in the diagnostic phase.

4) Specialist doctor well recognised but may not
be available in emergency situation



b) 1) Most civil engineers' work is done in consulting
civil engineers offices, government offices, semi-
government offices or on major construction projects -

work i., r:irely done by an isolated civil engineer.
Civil engineers do not accept as much responsibility
dpersonala as doctors particularly in their early

years in practice (nor is this a function of the
real nature of civil engineering rather this is a

result of the type and extent of training currently

given is not clear). Frequent consultation is
possible during the working up of a design or
planning/implementation of a construction project
and emergencies rarely arise (as could, for example,

occur with a doctor in his first few months of practice
in a country area where he might be required to do an

emergency appendectomy)

2) When a civil engineer enters private practice he

normally enters as a partner after several years of

experience.

3) A medical practitioner in his one year of post basic
training is likely to meet something approaching the

full range of problems he meets later in practice
(excluding specialists) Civil Engineers work on

projects of much greater duration.

The essential difference therefore is that medical practitioners

are usually "loners" whereas civil engineers are team members.
Educatiou and training it is claimed should therefore reflect these

eesenteel dif:erencee. Clearly the 'professional' civil engineer

doe° not fit into t't concept of a professional defined by the authors

diecuesed earlier ane e:e a closer parallel with the teacher. who
is described more frequently as a quasi or semi-professional.

Footnote

Macquarie University does not provide the common "end on"

arrangement for teacher training offered by most other universities

where the students first obtain a B.A. or B.Sc. in the normal
academic subjects then follow a fourth year of training in the

theory and practice of education. Training at Macquarie is a

four year integrated programme resulting in the combined award

of B.A., Dip.Ed. The training component is the joint
responsibility of the university and a series of master teachers

in specially selected schools. The amount and content of
training is specified but the time arrangement is left to the

individual student and his master teacher. The student is not

paid for any teaching he does and is always a supernumerary to

the staff complement. Clearly this system could have advantages

for the training of some civil engineers particularly where

projects tend to move slowly. One day each week for two or

three years under the direction of two or three carefully
selected "master" civil engineers from different branches of civil

engineering who report systematically on the work done by the

trainee could remedy many of the defects produced by the present
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result of the type and extent of training currently
given is not clear). Frequent consultation is
possible during the working up of a design or
planning/implementation of a construction project
and emergencies rarely arise (as could, for example,

occur with a doctor in his first few months of practice
in a country area where he might be required to do an

emergency appendectomy)

2) When a civil engineer enters private practice he

normally enters as a partner after several years of

experience.

3) A medical practitioner in his one year of post basic
training is likely to meet something approaching the

full range of problems he meets later in practice
(excluding specialists) Civil Engineers work on
projects of much greater duration.

The essential difference therefore is that medical practitioners

are u3ualy "loners" whereas civil engineers are team members.
Education and training it is claimed .should therefore reflect these

essential differences. Clearly the 'professional' civil engineer
does not fit into the concept of a professional defined by the authors
discussed earlier am': Lis a closer parallel with the teacher.* who
is described more fre4uently as a quasi or semi-professional.

Footnote

Macquarie University does not provide the common "end on"

arrangement for teacher training offered by most other universities

where the students first obtain a B.A. or B.Sc. in the normal
academic subjects then follow a fourth year of training in the

theory and practice of education. Training at Macquarie is a

four year integrated programme resulting in the combined award
of B.A., Dip.Ed. The training component is the joint
resFor.:_iibility of the university and a series of master teachers

in specially selected schools. The amount and content of
training is specified but the time arrangement is left to the

individual student and his master teacher. The student is not
paid for any teaching he does and is always a supernumerary to

the staff complement. Clearly this system could have advantages
for the training of some civil engineers particularly where
projects tend to move slowly. One day each week for two or
three years under the direction of two or three carefully
selected "master" civil engineers from different branches of civil

engineering who report systematically on the work done by the

trainee could remedy many of the defects produced by the present
system (where training in most cases is a chance operation
following the college course).
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10.4 INLUSTRIAL EXPERIENCE REqUIREMENT FOR STUDENTS

Iv 1

The industrial experience required by full-time or sandwich
sLudents is shown in Table 10.4

TABLE 10.4

IDENTICAL EXPERIENCE REQUIREMENT -
COMPARISON iETW-LEN C.A.E.s AND UNIVERSITIES

A) Length of Experience required'
as part of course

1) Nil

2) 6 weeks

3) 7-12 weeks

4) 13-26 weeks

5) 26 weeks

B) When required

1) During term

2) During vacation

C) Supervised alrectly by staff

1) Yes

:]) h' ***

C.A.E.s Universities

ipmminum

6**
1

2

2

3

5

4

2

1

6
(one return
misoing)

3

5 7

Most colleges encourage but do not require experience.
College X for example states

*

"12 weeks experience required by the Institute of
Engineers before the award of the Diploma and this
is gained before the ccnferring ceremony which is
held in April each year"

One college requires 6 weeks for degree students but none
for diploma students.

A detailed report on what is done during the industrial
period is required by all universities and most colleges.

No additional comments are considered necessary: the table shows
clearly the extent of any compulsory experience component in the
college curriculum.



10.5 COMPONENTS CONCYJINING PROFESSIONAL RESPONSIBILITY

This been conz5idered extensively in the
curriculum chapter and it is sufficient at this stage to list
the main points:

a) Despite the claimed influence of the Institution
of Engineers on college curricula one C.A.E. was
unaware of this requirement and two others made
no provision in their diploma course. One
university made no provision.

b) The 'subjects' offered ranged from specific courses
on 'environment' to courses on sociology, psychology
and liberal studies.

c) Many subjects were offered through lecture courses,
although student participation in discussion, if
not in decision making activity, occurred in others.

d) Several colleges mentioned, and we emphasised, that
this type of material is not taught in the usual
sense by specific courses but is an attitude
inculcated by lecturers throughout a total programme.
Teachers, however, traditionally teach "subjects" at
the post primary level and it may be difficult in
practice to create a teaching situation in which these
supplementary aims intended are achieved without
deliberate, conscious, continuous effort.

1O.(, CONCLUSIC::

The generally accepted criteria of a profession have been
stated, and those criteria relating to real work experience, and
professional responsibility have been studied in relation to present
day civil engineering and student courses in civil engineering.
The background to the use of the adjective professional with the

word engineer has also been examined. It is difficult to see how
the majority of civil engineers can exercise professional
responsibility in the traditional sense of the word. Moreover,

it is not possible to conclude from the evidence that students
receive sufficient training in practice before receiving their
degree or diploma and that they are made fully aware of the
traditional implications of the adjective professional.

/ 3 /



11. ATC':)1;.: AND OPINION;.' ABOUT CIVIL ENGINEERING TRAINING

REVEALED DURING COURSE OF STUDY

11.1. fAY:,i-:CE'i'0: COMMENT

During the progress of the work many people in industry and
academia passed comment on particular aspects of vocational training
they were associated with or informed about. Many commented on the
proOucts of vocational training, others on some particular aspect of
the eniheeriag industry. In many instances these comments were
recorded, for example, if they occurred during an interview. In other
cases respondents commented on some part of the questionnaire or on a
subject tih,t concerned them mentioned in the questionnaire. Over the
course of two years these comments and remarks became sufficiently
large in number to justify some organized reference to them in this
report.

11.2. ACADEMIA

Many are concerned with the relevance or lack of relevance of
engineering training at all levels, to engineering practice. Many are
aware of the problems associated with re-designing curricula and the
tit and expense involved. Many are concerned about the overall
subject of manpower planning. By far the biggest hurdle to overcome
.s the tremendous inertia inherent in the existence of long established
organizations .-tnd systems, i.e. traditional attitudes. This is not
novel Zchos for example has written at length on the problems
:163;cilti with innovation in industry. It is apparent that the
probi1,ns are similar in academia, and in fact innovation in education
may be harder to achieve than innovation in industry. This does not
deny that many in education see innovation as desirable, the problem,
a:7 -liwAys, is how can it be brought about? The value of this present
:3tudy may fiuperfioially reside in the report and the quality of its
tabulationo, but its real value is whether it can be used to bring

rrea to a minor extent, innovation in the field of civil
ont7ineering

11.5. INDW;TRY

:Torre senior men in industry implied it took, say, two years to
turn a caw civil engineering graduate into a useful member of their
organization. Fact or attitude? It was difficult to decide, but
there wa;; 6-4fricient dissatisfaction expressed to raise doubts
concerning the relevance of current civil engineering training. As
mentioned earlier in this report there was a great deal of interest
shown by industry in the project, interest in the civil engineering
technician as well as the engineer. However. much of the comment
concerned the poorer provision of facilities for training the engineer
who wanted to follow a career in construction compared with the
provirion of facilities for those intending to follow a career in
ci.1;igt,. One correspondent holding a senor position with a large
contruction company said "there is a great need in the industry today
for men who have been able to combine tertiary education with practical
training". He then expressed the view that the N.S.W. Institute of
Technology Civil Engineering diploma course fills a gap.**

The subject of mathematics frequently arose, the view being
expressed that excessive time was devoted to teaching (and learning!)
the more advanced mathematical techniques and that basic maths was
all that was needed in practically all civil engineering. It was not
possible to determine specifically what basic oaths were, as distinct
from "FiciWant!OA twehr4nilgo m mb m A, 1 , 4 :.



they were aseociated with or informed- about. Many commented-on the- --,
prouucts of vocational training, others on some particular aspect of
the civil engineering industry. In many instances these comments were
recorded, for example, if they occurred during an interview. In other
cases respondents commented on some part of the questionnaire or on a
subject that concerned them mentioned in the questionnaire. Over the
courJc of Lwu year: these comments and remarks became sufficiently
large in number to jwtify some organized reference to them in this
report.

11.. ACADEMIA

Many are concerned with the relevance or lack of relevance of
engineering training, at all levels, to engineering practice. Many are
aware of t!-e proeleee associated with re-designing curricula and the
tim- ei expense involved. Many are concerned about the overall
sutjoct. of manpower planning. By far the biggest hurdle to overcome
is the tremendous inertia inherent in the existence of long established
organizations ene systems, i.e. traditional attitudes. This is not
novel .;cho' for examele has written at length on the problems
eee.:iltea with innovation in industry. It is apparent that the
erebiles are similar in academia, and in fact innovation in education
may be herder to achieve than innovation in industry. This does not
,leny that many in education see innovation as desirable, the problem,

'11.ciy::, is how can it be brought about? The value of this present
eueerficially reside in the report and the quality of its

tabulation:3, bat its real value is whether it can be used to bring
,veil to a minor extent, innovation in the field of civil

onc7,:neurint; tailiing.

11.5. IN'i)W;TRY

:ome :senior men in industry implied it took, say, two years to
turn a ,'acv civil engineering graduate into a useful member of their
ore7ihizati:m. Fact or attitude? It was difficult to decide, but
there Na:; ..;fficient dissatisfaction expressed to raise doubts
concerning the relevance of current civil engineering training. As
mentioned earlier in this report there was a great deal of interest

1Jy industry in the project, interest in the civil engineering
technician as well as the engineer. However, much of the comment
concerned the poorer provision of facilities for training the engineer
who wanted to follow a career in construction compared with the
provision of facilities for those intending to follow a career in
deelee. une correspondent holding a senior position with a large
cochltruction company said "there is a great need in the industry today
for men who have been able to combine tertiary education with practical
training ". He then expressed the view that the N.S.W. Institute of
Technology Civil Engineering diploma course fills a gap.**

The subject of mathematics frequently arose, the view being
expressed that excessive time was devoted to teaching (and learning!)
the more advanced mathematical techniques and that basic maths was
all that was needed in practically a1.1 civil engineering. It was not
possible to determine specifically what basic maths were, as distinct
from "-,advanced techniques". The Task Analysis questionnaire subdivided
the subject of Mathematics into three items - basic algebra, geometry
and tr3gonometry; calculus; and numerical methods. The results to the

echon, D.A. Technology and Change. Pergamon Press, 1967.
" Soon to be phased out!



question on mathematics showed that whilst practically all engineers

used basic algebra, geometry and trigonometry only about half used

calculus, and rather less than half used numerical methods. The

subject of the usefulness of mathematics is a controversial one. To

many it is redolent of the cabalistic mysticism of the medieval ages,

to others the only subject worth teaching in technological courses.

It is a very easy and inexpensive subject to teach compared with

the problems of organising meaningful practical work. Perhaps the

place of mathematics and the role it plays in the course is due for

re-evaluation. As things are at present the view could be taken

that the more complete mathematics courses taught at high schools in

N.S.W. must provide nearly all the basic algebra, geometry, trigo-

nometry and calculus required, for the majority of engineers in

practice.

At the other but no less important end of Ow training
spectrum a construction company wrote "one of our ccstinuing problems

is to find suitable and experienced foremen capable of controlling

projects in the general range $100,000-$500,000. The majority of

our foremen have been trained by ourselves, having initially started

as labourers, operators, or leading hands. We feel there is a

definite need for some form of training scheme for such foremen, as

they are always difficult to obtain".

Summarising, it can be said that industry expressed itself

freely, but there was more dissatisfaction concerning the training

of engineers and foremen for the'construction industry than there

was about the training for those following a career in design.

11.4. RESPONDENTS

Some dissatisfaction was expressed by respondents in free

comment, the genera'. view being that existing courses tended to be

biased towards the theory of design, that "design for simplicity,

speed and economics" was omitted, and that, in general, attention to

construction suffered. For example, one respondent wrote "Modern

courses virtually ignore the levels of trade knowledge and

detailed construction procedures which are essential knowledge for
several years of a construction engineer's life". Another wrote that

the Task Analysis Questionnaire itself was biased in the direction

of design and insufficient questions about construction had been asked.

Another pointed out that we had not allowed for the "work of a

contracts engineer (which) does not readily fall into the categories
stated" in our questionnaire. We were aware of this problem at the

outset, and of the growing importance today of the project engineer

or maner. This same respondent concluded "In my opinion a civil
engineering degree course should apply equal weight to the following:

1) Training - provide sufficient knowledge in current design and

:7c:instruction methods to be immediately useful to the C.E. industry.

2) Education - to provide trained and inquisitive minds to cope with

the inevitable changes that will occur over the lifetime of the

student."

If one is tempted to conclude that the two topics, design and

construction are separate and unrelated, some respondents would dis-

agree and specifically requested that design instruction become closely

integrated with construction methods, implying perhaps that you cannot

design well if you sire unfamiliar with the restraints imposed by

the construction methods available and used on site.
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11.5. ,7ulielAL.;10N

ley r.,,porting many views expressing dissatisfaction of one
..-ct or another it can 1,e said that we have over emphasised
diti,Atisfaction. Many people we spoke to, many respondents, and
others iid not express di,;satisfaction. However, one must relate
such: vroad expression of dissatisfaction about existing courses,

th-, discusion that has and is still taking ?lace all over
the worll concerning the defects of engineering training in this
lattor part of the twentieth century. The inevitable conclusion
mu.;t be that the ills and doubts about engineering education at
all 1,els th'It exist outside Australia's boundaries, also exist
inside Australia. The next issue must be what is to be done to
remedy the situation.



12. RECOMMENJATION.;

ODR OVERALL RECOMMENDATION, WHIG NIL. BE EXPANPED FURTHER
I4ELOti, I: MORE .T.:-TANT1AL EVIDENCF OUGHT TO '.4E REPJRn
AXI.r3NAL WJR;1E:; ARE INTRODUCED OR EXLITING COUR:1ES ARE LENGTHENED
CONCERNING THE NEED THE COURSE SEEKS TO FILL AND ITS OVERALL AIM;;
AND CY',JECTIVES. AFTER INTRODUCTION EVIDENCE OUGHT TO BE SOUGHT
CONOERNIN3 HOW FAR THESE AIMS AND OBJECTIVES ARE ATTAINED.

12.1. ;;URVEY TECHNIgE

Few studies of the links between jobs and courses of study
relating to those jobs seem to have to taken place. One of the
reasons for this may be the length of time it takes to carry out
such a study. Even with the benefit of hindsight it would be
possible to reduce the time spent on the present study by only a small
fraction. Furthermore this present study deals with only that part
of the total exercise of re-designing a vocational curriculum based
on evidence or information provided by examination of the tasks
concerned in the practice of that vocation. Both during and after re-
designing, the new curriculum needs to be evaluated, and the feedback
used to modify or amend the design. In all therefore, a considerable
expenditure of man-hours is involved in the re-design of one
vocational curriculum.

Another problem also exists in the nature of the interface
between industry and academia. Persons become absorbed in either one
or tree otner, they may change from one to the other, but few attempt
to k.-ep a foot in both camps. For those few who have attempted to
reconcile both camps the dichotomy appears frequently to produce a
sort of hybrid, although perhaps not a dangerous mutant, in danger of

rejection by both. Experience throughout this study has shown that
this interface is real. In case this is taken as a criticism of
industry's attitude to the project it must Le emphasised that excellent
co-oFeration ana assistance were, in almost every instance, extended
without question, and interest was at a high level.

A major hurdle we h-d to overcome ia this project was the lack
of data about the civil engineering population. Collecting this data
absorbed D large amount of the allocated resources. Apparently this
is not an unusual problem, although in this instance the diverse nature
of the civil engineering population may have made it larger and more
difficult. Where a small homogeneous population exists as we found in
the case of the construction foremen, quantifying it and sampling it is
considerably easier, and therefore quicker and cheaper.

Two of the instruments designed for probing the population
were complex and one was simple. The complex were comprehensive by
intention, the view being adopted that if one is mounting a test it is

better to collect more data rather than less. We were well and truly
in the 'more data' category, (although all of it was important) and
thir; brought in its train the problems associated with examining large
quantities of data. It is not possible to merely feed the data to a
computer in the expectation that right answers will automatically be

produced. The examination of data is more complex, and the computer
but one of the tools used. In the case of this study we were able
in the time available and without writing our own sp,Ezific programmes,
to carry out only a first broad sweep of the data. Smaller more
selective probes of the data could usefully be made.

Our recommendations are:



conommum HOW FAR THESE AIMS AND OBJECTIVES ARE ATTAINED.

12.1. SURVEY TECHNIQUE

Few studies cf the links between jobs and courses' of study
relating to those jobs seem to have to taken place. One of the
reasons for this may be the length of time it takes to carry out
such a study. Even with the benefit of hindsight it would be
pos.iible to reduce the time spent on the present study by only a small
fraction. Furthermore this presest study deals with only that part
of the total exercise of re-designing a vocaticnal curriculum beeed
on evidence or information provided by examination of the tanks
concerned in the practice of that vocation. Both during and after re-
designing, the new curriculum needs to be evaluated, and the feedback
114ied to modify or amend the design. In all therefore, a considerable
expenditure of man-hours is involved in the re-design of one
vocational curriculum.

Another problem also exists in the nature of the interface
between industry and academia. Persons become absorbed in either one
or tile other, they may change from one to the other, but few attempt

to k-ep u foot in both camps. For thane few who have attempted to
re,-oncile both camps the dichotomy appears frequently to produce a
eert of hybrid, although perhaps not a dangerous mutant, in danger of

rejection by both. Experience throughout this study has shown that
this interface is real. In case this in taken as a criticism of
indsetry's attitude to the pro jPet it must be emphasised that excellent
co- operation aria assistance were, in almost every instance, extended
without question, and interest was at a high level.

A major hurdle we h-d to overcome in this iii.c0ject was the lack

of data about the civil engineering population. Collecting this data
abrorbed a large amount of the allocated resources. Apparently this
is not an unusal problem, although in this instance th:e diverse nature
of the civil engineering population may have made it larger and more
difficult. Where a m111 homogeneous population exists ae we found in

the case of the construction foremen, quantifying it end sampling it is
conniierably easier, and therefore quicker and cheaper.

Two of the instruments designed for probing the population
were complex and one was simple. The complex were comprehensive by
intention, the view being adopted that if one is mounting a test it is

better to collect more data rather than less. We were well and truss
in the 'more data' category, (although all of it was important) and
this brought in its train the problems associated with examining large

quantities of data. It is not possible to merely feed the data to a
computer in the expectation that right answers will automatically be

produced. The examination of data is more complex, and the computer
but one of the tools used. In the case of this study we were able
in the time available and without writing our own sp.::fic programmes,
to carry out only a first broad sweep of the data. Smaller more
selective probes of the data could usefully be made.

Our recommendations are:

1) Further work should be done to determine a model for the

establishment or redesign of vocational curricula.' Such a

model should include sub components for:

Much more attention ought to be paid to defining what the educational

institution and particular curricula are attempting to achieve. We

found considerable conflict in some cases between stated aim and

what appeared to be done to implement that aim.
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A), ) lila 1 s.

b) Dat x intt.rprtation.

e) FormAtiv, evluAtion of the units produced as a result
of ,A) 3n1 :AA:ri other zi,Tects a:, are considered important
from con.;ideratiun of general education.

C) 6ummative evaluation - particularly the development of
procedtlres for determining how effectively the aimb of
the curricula are being achieved. Objective evidence
should be sought. (That students find employment may
mean, among other things, that their course was effective
or that they were the best alternative available for the
job to be done).

2) Where professional institutions may have an influence on
curricula the extent of this influence should be determined
by obtaining a clear and specific statement of:

a) the depth, breadth and quality of the initial
educational requirements;

b) the quantity and quality of the experience component
preferably in specific check list items, required
before admission to full membership.

Decisi)n;.; should then be made whether the professional
institutions should be allowed to influence what are educational
decisions. Meetings of all parties concerned should be held so
that each party has a clear and specific knowledge of the
various viewpoints.

Efforf;- -.hould be made to compile more substantial data
the numbers currently engaged in various fields

of employment at the following levels:

A.a) Trade.

b) Technician.

c) Engineer.

such categorization should preferably be mad= on two
distinct criteria (which may yield different results).

Es.a) oialifications held and eligibility for professional
status.

b) Work actually dune.

More substantial assistance ought to be forthcoming, as part
of their raison d'ltre from the professional institutions
particularly with respeiA to 2.B(a).

ENGINEER TRAINING

We believe some thought is being given to extending the length
of Prwineering courses on the basit-, that there is so much information
an: knowledge to absorb today that courses must be made longer to cope
with thit;. The view of many students is that three years in general
is already lont7 enoqght and four years is too much. There seems a
pronlem of maintaining interest. In addition our study has shown that
the major deficiencies in past training have been content and skills
concerned with management, costing and accounting, communication, and
n", ntin ,1 " , 41.2.11-h M ,4.12.9, 7 ^ 4. 1 ' 4.



procedures for determining how effectively the aims of
the curricula are being achieved. Objective evidence
should be sought. (That students find employment may
mean, among other things, that their course was effective
or that they were the best alternative available for the
job to be done).

2) Where professional institutions may have an influence on
curricula the extent of this influence should be determined
by obtaining a clear and specific statement of:

a) the depth, breadth and quality of the initial
educational requirements;

b) the quantity and quality of the experience component
preferably in spArific check list items, required
before admission to full membership.

Decisia:.; should then be made whether the professional
institutions should be allowed to influence what are educational
decisions. Meetings of all parties concerned should be held so
that each party has a clear and specific knowledge of the
various viewpoints.

3) Effortc, ahould be made to compile more substantial data
tanks con,_,. Ln,7 the numbers currently, engaged in various fields
of employment at the following levels:

A.a) Trade.

b) Technician.

c) Engineer.

Such categorization should preferably be mad on two
distinct criteria (which may yield different results).

B.a) .tialifications held and eligibility for professional
status.

b) Work actually dune.

More substantial assistance ought to be forthcoming, as part
of their raison d'ltre from the professional institutions
particularly with respe,;t to 2.B(a).

1?!.?!. ENGINEER TRAINING

We believe some thought is being given to extending the length
of PrwIneerine coart;es on the basi6 that there is so much information
and knowledge to absorb today that courses must be made longer to cope
with this. The view of many students is that three years in general
is already lonp; en,:,agh, and four years is too much. There seems a
pronlem of maintaining interest. In addition our study has shown tnat
the major deficiencies in past training have been content and skills
concerned with management, costing and accounting, communication, and
practical work, areas where further study is not contemplated in
most programmes.



Our ..eco'ilmeniatitnb are:

moue creful analysis be :lone on the ilreoent
coLtent of civil engineering to determine the contribution
each somponeL either to the vocational or general

of P,rticular attontion out-ht to

paid to the :luality rather than the quantity of the learning
experience and due cognizance ought to be given to:

a) Those cornonents of theory necessar,, for the vocation either
airectly or in the case of mathematics, for example, by
their contribution to other theory.

b) What it is possible to teach under any circums,tances.

c) Arrangements a9 specified below for the more systematic
integration of theory with practice to develop the practical
performance and problem solving skills in real situations
of students.

2) Very serious attention be given to devising a course of
study which in its later years involves attendance and
involvement in real wore situations, similar to that existing
in medical training. The teaching hospitals of the medical
training would be replaced for the engineering training by
:,taste Government Departments. In Sydney, for example, there
would be no problem in finding three N.S.W. Departments capable
of contributing in a meaningful way to the training of civil
engineers, and having sufficient resources to devote, with the
Universities of Sydney and N.S.W., and The N.S.W. Institute
of Technology, to the task of devising a new complete course of
study and training. Inasmuch as in N.S.W. 48 per cent
of civil engineers are employed by State Government Departments
it would not seem improper to consider this direct involvement
in the training of civil engineers; it is certainly not im-
possible. A variation of the suggested pattern could he an
association ..,et4een one or two of the large metropolitan local
government civii engineering departments and Tne Institute of
Technology for example, but problems of arranging the financing
might arise in this case.

observiio.,; can be made about the implications of the
lard' (Jiff rences between the tasks of civil engineers working in jobs
1atelle,1 'design' and the tasks of those working in jobs labelled
'construction'. A study of the extent of common needs shows that
only basic maths, materials, and soils are common. Outside these
topics design engineers wee mainly occupied with problems of design -
tructures and other works. C,enstruction engineers are concerned

with a wide variety of topics but design is of minor importance. This
sugreets perhaps that on the assumption of traditional attendance
patterns the first one or two years of the course should be devoted
to topics common to both activities followed in the case of those
intending to specialize in design by one year of design theory.
Ideally, the equivalent of one year's i,articipation in real work
situetions in the design office of a state Government Department
should be incorporated within the course in addition. For those
intending to become construction engineers the first two years of
basic materials and soils could be followed by (or incorporated with)
two years' real work involvement. At the end of the fourth year both
stream s could spend a period say, of one semester, of intensive
educatio., training and exposure to accounting and costing ideas,
management, and communication techniques. These being purposely placed
at the end of the course when undergraduates would have acquired a
clear notion of why the coure., mere bein, conducted for them. (Thee=
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a) Those components of theory necessary for the vocation either
directly or in the case of mathematics, for example, by
their contribution to other theory.

b) What it is possible to teach under any circumstances.

c) Arrangements as specified below for the more oystematic
integration of theory with practice to develop the practical
performance and problem solving skills in real situations
of students.

2) Very serious attention be given to devising a course of
study which in its later years involves attendance and
involvement in real worX situations, similar to that existing
in medical training. The teaching hospitals of the medical
training would be replaced for the engineering training by
..ltate Government Departments. In Sydney, for example, there
would br problem in finding three N.S.W. Departments capable
of contributing in a meaningful way to the training of civil
engineers, and having sufficient resources to devote, with the
Universities of Sydney* and N.S.W.', and The N.S.W. Institute
of Technolobj, to the task of devising a new complete course of
study and training. Inasmuch as in N.S.W. 48 per cent
of civil engineers are employed by State Government Departments
it would not seem improper to consider this direct involvement
in the training of civil engineers; it is certainly not im-
possible. A variation of the suggested pattern could be an
association between one or two of the large metropolitan local
government civil engineering departments and The Institute of
Technology for example, but problems of arranging the financing
might arise in this case.

ore observation :; can be made about the implication: of the
large Jiff rences between the tasks of civil engineers working in jobs
labelled 'design' and the tasks of those working in jobs labelled
'construction'. A study of the extent of common needs shows that
only basic maths, materials, and soils are common. Outside these
topics design engineers are mainly occupied with problems of design -
structures and other works. Construction engineers are concerned
with a wide variety of topics but design is of minor importance. This
sugge:7ts perhaps that on the assumption of traditional attendance
patterns the first one or two years of the course Should be devoted
to topics common to both activities followed in the case of those
intending to specialize in design by one year of design theory.
Ideally, the equivalent of one year's participation in real work
eituetions in the design office of a State Government Department
should be incorporated within the course in addition. For those
intending to become construction engineers the first two years of
basic materials and soils could be followed by (or incorporated with)
two years' real work involvement. At the end of the fourth year both
streams could spend a period say, of one semester, of intensive
education, training and exposure to accounting and costing ideas,
management, and communication techniques. These being purposely placed
at the end of the course when undergraduates would have acquired a
clear notion of why the courses were being conducted for them. Course
planning may make it possible to arrange for this to be completed in
four years rather than the 43'2 just outlined, and perhaps less as time
went on.

It is recognized that these institutions lie outside the scope
of the Commission.



Fur those wishing to follow careers in research or teaching
the period of real work involvement would be invaluable experience.

12,a. TECHNICIAN TRAINING

The major nerd in technician training is for rationalisation.
In the U.K. Haslegrave* has made recommendations concerning their
training. The U.K. has the benefit of an existing structure of
National Certificates to which the newer technician courses can be
linked. However, in spite of this already existing national course
structure particularly strong recommendations were made by Haslegrave
for creation of a new co-ordinating body - a Technician Council.
This report is worthy of study since it also deals with other important
aspects such as keeping courses under review, and transfer courses
or bridging programmes.

The desirability of having a nationally recognized structure
of technician courses and awards is referred to in a report from
Ireland* dealing with the training of technicians which states "A
further serious difficulty in the task of raising the standards of
technicians in Ireland is the lack of a nationally recognized
technician diploma. The absence of such a diploma deters many parents
from considering sub-professional technical careers for their children.
This in turn leads to the presence of unsuitable students in university
engineering and science classes. Many young people would be more
suited to the role of the higher technician than to that of the
technologist. Such a re-organization would have the attitional
advantage of permitting a higher standard of work in university
courses".

In Australia the Snowy Mountains Authority early in its history
had to face up to the problem of staffing this huge project and
Leech who was clos-ty involved with the training and use of sub-
professional staff published a number of papers outlining his views and
describing the methods he adopted to cope with the situation.

Moran/ has reviewed the cv.rrent situation in Australia and
makes some international comparisons. However, specific training for
the sub-professional level throughout industry in Australia could not
be said to be widespread and the practice of up-grading tradesmen is
still much used, frequently without additional training. But there
does appear to be a growing recognition of the valuable contributions
that can be made by trained staff.

Moran states further that "it is considered that training for
sub-professional work should ideally be based on terminal-type certificate
courses, taken part-time, complemented by in-house training of a more
applied type and practical experience in the working environment for
which the trainee is being trained".

We have referred to the literature at this stage for two
reasons, one to present evidence on the desirability of a central
national technician council, and two, to present some views on
technician training and the need that may exist for more than one
level of technician.

Haslegrave, H.L. "Report of the Committee on Technician Courses
and Examinations". H.M.S.O. U.K. 1969.

"Training of Technicians in Ireland". 0.E.C.D. Paris, Dec. 1964.
(One of the reviews of National Policies for Science and Education).
Leech, T.D.J. "The training and use of sub - professional staff"



training. Tne nas the bene'.61t an existing structure of
National Certificates to which the newer technician courses can be
linked. However, in spite of this already existing national course
structure particularly strong recommendations were made by Haslegrave
for creation of a new co-ordinating body - a Technician Council.
This report is worthy of study since it also deals with other important
aspects such as keeping courses under review, and transfer courses
or bridging programmes.

The desirability of having a nationally recognized structure
of technician courses and awards is referred to in a report from
Ireland" dealing with the training of technicians which states "A
further serious difficulty in the task of raising the standards of
technicians in Ireland is the lack of a nationally recognized
technician diploma. The absence of such a diploma deters many parents
from considering sub-professional technical careers for their children.
This in turn leads to the presence of unsuitable students in university
engineering and science classes. Many young people would be more
suited to the role of the higher technician than to that of the
technologist. Such a re-organization would have the attitional
advantage of permitting a higher standard of work in university
courses".

In Australia the Snowy Mountains Authority early in its history
had ts, face up to the problem of staffing this huge project and
Leech who was cloi, iy involved with the training and use of sub-
professional staff published a number of papers outlining his views and
describing the methods he adopted to cope with the situation.

Moran/ has reviewed the current situation in Australia and
makes some international comparisons. However, specific training for
the sub-professional level throughout industry in Australia could not
be said to be widespread and the practice of up-grading tradesmen is
still much used, frequently without additional training. But there
does appear to be a growing recognition of the valuable contributions
that can be made by trained staff.

Moran states further that "it is considered that training for
1-a4b-professional work should ideally be based on terminal-type certificate
courses, taken part-time, complemented by in-house training of a more
applied type and practical experience in the working environment for
which the trainee is being trained".

We have referred to the literature at this stage for two
reaL:oal.;, one to present evidence on the desirability of a central
national technician council, and two, to present some views on
technician training and the need that may exist for more than one
level of technician.
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The work of a central national technician council would be
concerned with co-ordination and rationalisation. Some suggestions
for reducing : the number of certificate courses in civil engineering
available in N.S.W. have been made by Klamue' who proposed a single
coarse with four option.

Our main recommendation concerning technician training
arming from our study is that:

The present multiplicity of courses for the training of
civil engineering technicians ought to be re-examined, in the light
of our findings on the work done by technicians, to determine if
a simpler structure of a single course with options is possible. Such

a course should be established using the guidelines specified earlier
for engineers.

We were also convinced by respondents to our questionnaire and
by others at selected interviews that serious attention ought to be
given to the establishment of a National Co-ordinating body to determine

the standards of technician certificates across the country. Parallel
with this attempts should be made to stimulate the formation of a
Technician Society or Institution on a nations] basis, which would
concern itself with the status of technicians. Interaction between
the two bodies would lead to an exchange of ideas on training,
certificate course content and standards. Such a body would resolve
some of the fears expressed by respondents concerning the relationship
between current Certificate courses and the recently established U.03

(B2) courses. One fear, however, is that such a body would in time

become exclueime rather than inclusive. Avenues of progress from
technician to engineer should also be established since we were not

convinced on the basis of work done that serious barriers exist

between the levels. Of value also in such activity would be the
eventual clarification of the boundaries between engineer's and
technician's work tasks. As we have said an area of overlap exists

today and it is not easy to see where the boundary lies.

12.4. FUTURE WORK

Attention has been drawn in the earlier paragraphs to some
specific work which needs to be done. Comment will be made in the
following paragraphs to more general issues.

Frequent reference has been made in this report to the fact

that it has been possible to deal in detail only with Part A of the
Research Plan, and this in a slightly incomplete and altered fashion

from what was originally planned. Some thought therefore, must be
river: to rounding off Part A of the Research Plan, and completing

Parts B and C.
In addition, as the work has progressed views have formed about

some other aspects of the work and ideas about further useful areas
of study have arisen. These ideas can be loosely grouped into
broad objectives and sp,-cific objectives.

12.4.1. Broad Objectives

a) Related to civil engineering study

Present work has concentrated on an analysis of civil
engineering tasks at all levels and across all sections of

civil engineering practice. Our attempt to survey the
curricula in use in the C.A.E.'s across Australia has been
limited to material we obtained from handbooks and material

sent in response to personal letters. Much information was * *
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The present multiplicity of courses for the training of
civil engineering technicians ought to be re-examined, in the light
of our findings on the work done by technicians, to determine if
a simpler structure of a single course with options is possible. Such

a cour::,e should be established using the guidelines specified earlier
for engineers.

We were also convinced by respondents to our questionnaire and
by others at selected interviews that serious attention ought to be
given to the establishment of a National Co-ordinating body to determine

the standards of technician certificates across the country. Parallel

with this attempts should be made to stimulate the formation of a
Technician Society or Institution on a national basis, which would

concern itself with the status of technicians. Interaction between
the two bodies would lead to an exchange of ideas on training,
certificate course content and standards. Such a body would resolve
some of the fears expressed by respondents concerning the relationship
between current Certificate courses and the recently established U.G3

(132) courses. One fear, however, is that such a body would in time

become exclusive rather than inclusive. Avenues of progress from
technician to engineer should al .0 be established since we were not
convinced on the basis of work dLie that serious barriers exist

between the levels. Of value also in such activity would be the
eventu%1 clarification of the boundaries between engineer's and

technician's work tasks. As we have said an area of overlap exists
today and it is not easy to see where the boundary lies.

12.4. FUTURE WORK

Attention has been drawn in the earlier paragraphs to some
,Tecific work which needs to be done. Comment will be made in the
following paragraphs to more general issues.

Frequent reference has been made in this report to the fact

that it has been possible to deal in detail only with Part A of the
Research Plan, and this in a slightly incomplete and altered fashion

from what was originally planned. Some thought therefore, must be

p71v,.?n to rounding off Part A of the Research Plan, and completing

Parts B and C.
In addition, as the work has progressed views have formed about

solle other aspects of the work and ideas about further useful areas
of study have arisen. These ideas can be loosely grouped into
broad objectives and spy cific objectives.

12.4.1. Broad Objectives

a) Related to civil engineering study

Present work has concentrated on an analysis of civil
engineering tasks at all levels and across all sections of

civil engineering practice. Our attempt to survey the
curricula in use in the C.A.E.'s across Australia has been
limited to material we obtained from handbooks and material
sent in response to personal letters. Much information was
also obtained in this section from the study of Horne and Wise.

**

Klumus, N.G., loc. cit. Chapter 9.

Horne, B.C. & Wise,.B., "Learning and Teaching in the C.A.E.'s".,
1969.



It it; clear, LuAev.n*, that only an imperfect picture can be
built from such procedure's and a more systematic sarch for
curriculum aim..;, implementation and evaluation would require
pt.rsonal v1:;i1.s to , ?itch institution. We believe that a
study for a selectod area such as civil engineering would
yield Mo:A, inz7titutions we contacted
are searching for Ewsitance on systematic curriculum
devellpment procedures and such defects as we have noted
are due, in part, to lack of effective guidance.

b) Other fields of study.

Apart from civil. engineering the experience gained in the
current study could se utilised to tackle better another
vocation, e.g., chemical engineering, accounting, commerce,
or business in general. Of particular relevance today is the
subject of business. Courses aimed at preparing students for
business are available but one wonders how these courses
relate to the tasks the students will later be asked to tackle,
how the various curricula were developed, and what the objectives
were.

12.4.2.Seecific Objectives

a) Connected with civil engineering study generally.

The large number involved in civil engineering (around 25,000
in total for Australia) and the difficulties encountered in
obtaining a detailed stratified breakdown of the population
on which a sampling procedure could be based, prevented the
study from being carried out across Australia. A
clieck should be made when data become (or are made) available
to determine if the data collected for N.S.W. are representative
of Austral_ -.1 a whole.

b)

Before collection of statistics about civil engineering
started a model 4an developed which was thought to fit the
structure, or most nearly approximate the structure of the
industry as a whole. The model was essentially traditional
in nature and some defects were expected. As the study
progressed some defects were detected. Fortunate' :: these were
not so large as to upset markedly the study. ThE project
engineer has been with us a long time but he seems from the
data we collected to be increasing in numbers at the present
time. Project engineers do not neatly fit into a design or
construction or feasibility study category, rather they straddle
rsll three activities and are involved in all three activities.
Traffic Engineering, an increasingly important activity was
also not specifically included in our model. Some more
detailed attempt could be made to verify the accuracy of the
model that was used as a basis for investigating the
quantitative nature of the civil engineering population.

Connected with the im,truments.

One of the defects with the current task analysis questionnaire
has been our inability to define technical work activities in
anything but the jargon of the 'standard' civil engineering
curriculum. Zome attempt should be made with a small sample,
to define work activities in terms of the operational objectives
and actior,s. For example, in panel beating, a tradesman will
take a hammer and beat the metal of the mudguard or wing wita
the intention of hammering out a dent and restoring the
rrvetnrA of the Ital to ita on i nal R t,R MInctl*A 4R nn
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b) Other fields of study.

Apart from civil engineering the experience gained in the
current study could to utilised to tackle better another
vocation, e.g., chemical engineering, accounting, commerce,
or business in general. Of particular relevance today is the
subject of business. Courses aimed at preparing students for
business are available but one wonders how these courses
relate to the tasks the students will later be asked to tackle,
how the vario's curricula were developed, and what the objectives
were.

1 2 . . 2 .LEIZILUJaiLiLlatE

a) Connected with civil engineering study generally.

The large number involved in civil engineering (around 25,000
in total for Australia) and the difficulties encountered in
obtaining a detailed stratified breakdown of the population
on which a sampling procedure could be based, prevented the
study from being carried out across Australia. A

rHeck should be made when data become (or are made) available
determine if the data collected for N.S.W. are representative

of .!;-; a whole.

Before collection of statistics about civil engineering
started a model 4r-115 developed which was thought to fit the
structure, or most nearly approximate the structure of the
industry as a whole. The model was essentially traditional
in nature and some defects were expected. As the study
progressed some defects were detected. Fortunatel:! these were
not so large as to upset markedly the study. Th( project
engineer has been with us a long time but he seems from the
data we collected to be increasing in numbers at the present
time. Project engineers do not neatly fit into a design or
construction or feasibility study category, rather they straddle
rill three aztivities and are involved in all three activities.
Traffic Engineering, an increasingly important activity was
ai3o not specifically ihcluded in our model. Some more
detailed attempt could be made to verify the accuracy of the
model that was used as a basis for investigating the
quantitative nature of the civil engineering population.

.b) Connected with the instruments.

One of the df?f(Irt6 with the current task analysis questionnaire
hat; been our inability to define technical work activities in
enything but the jargon of the 'standard' civil engineering
curriculum. some Attempt should be made with a small sample,
to define work activities in terms of the operational objectives
and actior.s. For example, in panel beating, a tradesman will
take a hammer and beat the metal of the mudguard or wing witA
the intention of hammering out a dent and restoring the
curvature of the metal to its original state. There is no
reference here to kinetic energy, properties of materials, or
levers/mechanisns, etc.



The task analysis questionnaire more nearly approached
operational form in the non-technical activities examined,
but the weakness lay in these being divorced from the
technical activities which were described mainly in non-
operational terms. Ideally then one should ask engineers
and technicians to nominate lists of skills they use in
their jobs. At the same time some attempt should be made
to get nearer to the concept of actually observing and
detailing the tasks involved in the different jobs:
discussion with the task performers would also be necessary.
A list of tasks performed and skills used, similar to that
produced by Youngman for workers in an engineering factory
could thereby be constructed. This procedure is much easier,
of course, if the job involves a high manual skills component.

In the original plan of the study it was intended to use
structured interview techniques but these were dropped because
of lack of resources. A case could be made for continuing the
present study using the structured interview procedure to
check the results obtained by use of the mailed questionnaire.
Our current knowledge of the industry and its areas of
specialisation would enable relatively sophisticated information
to be obtained from a comparatively small outlay.



detailing the tasks involved in the different jobs:
discussion with the task performers would also be necessary.
A list of tasks performed and skills used, similar to that
produced by Youngman* for workers in an engineering factory
could thereby be constructed. This procedure is much easier,
of course, if the job involves a high manual skills component.

In the original plan of the study it was intended to use
structured interview techniques but these were dropped because
of lack of resources. A case could be made for continuing the
present study using the structured interview procedure to
check the results obtained by use of the mailed questionnaire.
Our current knowledge of the industry and its areas of
specialisation would enable relatively st )histicated information
to be obtained from a comparatively small outlay.

Youngman, M.B. A first classification of engineering abilities,
Report 1. Industrial Training Research Project,
Dept. of Employment, University of Lancaster, U.K.,

August 1971.



CORRIGENDA

p.14 line 1. "could" should read "would"

p.27 line 3. "retrun" should read "return"

p.31 line 6 of section 5.2.3., "limited" should read "limiting"

p.32 both Table 5.2.3.2. and Table 5.2.3.3. have been unnecesarily
p3+) repeated.
1304 /

p.68 line 1. "eighty" should read "sixty-three"

p.68 line 18 of section 8.1.5.1., "gibers" should read "given"

p.68 category 5 of Table 8.1.6. should read "Structural eng.
cert. and drafting cert." instead of "Engineering survey

cert."

p.69 Table 8.1.7., all figures under columns 6 and 7 should be

transposed.

p.70 line 17 of section (4), "pattersn" should read "patterns".

p.102) These two pages are wrongly numbered and should be read in

p.103) the order p.103 first followed by p.102.

p.113 line 6 of postscript, there should be no commas around

"intended".

p.124 line 31, "board" should read "head".

p.136 line 14 of section (3), "2.B.(a)" should read "3.B.(a)"

p.138 line 21 of section 12.3., "attitional" should read "additional".

A separate corrigendum dealing with some of the Tables in
Appendix 8 is given on p.4. of Appendix 8.



APPENDIX 1. TASK ANALYSIS QUESTIONNAIRE

- BASIC DATA CONCERNING RESPONDENTS.

The total response to the questionnaire seeking information on
the tasks associated with the jobs of engineers and technicians working
in civil engineering was 331. The first page of this questionnaire
sought information for each subject on where he worked, the type of work,
the title of his job, his age, qualifications and years of work in his
present job, etc. This information categorised the subjects on the basis
of the model of civil engineering developed for the study.

Some salient features of the group of 331 subjects are given in
the following tables 1-14.

TABLE A1.1. AGE DISTRIBUTION

Age All Subjects % Engineers % Technicians
.

%

k

20-25 76 23% 27 1,, 49 38%

26-50 28 55 ?8 58 29

. 31-35 42 15 30 15 13 10

36-1w 43 13 32 16 10 8

41-45 33 1C) 24 12 9 7

4F.-50 18 5 15 7 3 2

51-55 15 5 10 5 5 4

56-60 8 2 6 3 3 2

) 60 3 1 2 1 -- ..-

TOTAL 331 201 130

_ .>

Labelled "Survey Schedule" for field work.



TABLE Al.,?..DISTRIBUTION OF I,EVELS OF ENGINEERS AND TECHNICIANS WITHIN
grerTZEGITO----MMATION OF TABLE 1

Age

Engineers Technicians

Level 1 2 3 4 Dotal 5 6 7 Total

20-25 - - 9 18 27 7 29 13 49

26-30 - 11 21 23 55 12 26 - 38

31-35 2 9 8 10 29 8 5 - 13

36-40 4 13 8 7 32 6 5 - 11

41-45 2 6 10 6 24 2 7 - 9

46-50 1 3 6 5 15 3 3

51-55 1 4 2 3 10 4 1 - 5

56-60 1 2 2 1 6 2 2

) 60 - 1 2 - 3 - 0

TOTAL 11 49 68 73 201 44 73 13 130

The various levels 1-7 shown are categories of engineers and technicians

ranging from senior engineers in organisations through to recently

qualified engineers (levels 1 _44) and from senior technicians to

junior technicians (levels 5 7).

TABLE A 1_12. DISTRIBUTION OF SUBJECTS OVER TYPE OF EMPLOYER

Employer Number of Subjects

Commonwealth Government 12 3

State Government 119 36

Local Government 85 26

Consultants 73 22

Contractors 38 11

General Industry 4 1

TOTAL 331

.,4 4 f. .



TABLE A1.4. AGE DISTR113UTION OVER EACH TYPE OF EMPLOYER

Age

Employer

------r-
Cen. Ind'th Govt,State Govt Local Govt.Conoultanti;Coutractors

20-25 2 17% 261 22% 16 19% 24 33% 8 21%

c -30 5 42% 39 35% 20 24% 1 20 26% 10 ''C'i

31-35 3 25% 9 8% 8 1 9% 10 13% 9 23% 3 75%

36-40 - - 15 13%
1

17 20% 7 10% 4 11'

41 45 M. OW 10 8% 13 15% 7 10% 2 5% 1 25%

46-50 1 8% 10 8% 4 5% 2 3% 1 3% -

51 -55 AM MI 6 5% 4 5% 2 3% 3 8% -

56 -60 - - 4 3% 2 2% 1 1% 1 3% -

> 60 1 8% - 1 1% - -

Sub-Total 12 100% 119 100% 85 100 73 000 38 100% 4 100%

Total 331

On the evidence provided by the above table General Industry wat,

excluded from all further considerations in the analyRis of the data.

TABLE A1.5. TYPE OF WORK DISTRIBUTION (MAIN ACTIVITY)

Type of Work umber of Subjectc

1. Design '58 47%1

2. Construction 90 27

3. Maintenance 10 3

4. Feasibility Studies 13 -t

5. R & D/Investigational 25 8

6. Sales 3 1

7. Design and feasibility

8. Construction and Maintenance 9 3

9. 7 & 8 7

TOTAL 331 100%

.,11 t. f ,



TABLE A1.6. AGE DISTRIBUTION OVER EACH CATEGORY/TYPE OF WORK

Category/Type of Work

1 2 3 1 4 5 6 7 8 9

Age

,

Design Constr. MainL
.

Feasib. R & D Sales
'boast/

Des/feas Maint.
, ..
f '

4
. ,

20..25 45 15 3 2
4 1

. 3 3

26-30 46 30 3 6 3 - - 1 5

31.35 18 13 - 2 4 3 - 1 3

36-40 20 14 - - 3 - 1 - 5

4i-',5 14 8 2 1 4 - - 2 2

46-50 8 2 - 1 2 - - 1 4

51-55 3 7 - 1 2 - - 1 1

56-60 3 1 1 - 3 - - - -

60 1 - 1 - - - - - 1

Sub-Totals
158 90 10 13 25 3 1 9 24

Totals 331

TABLE A1.7. TYPE OF .jTALIFICATIPM

Qualification Number of Subjects

-B.E. (Civ11)

Diploma-engineering

'B.Sc. (Civil Engineering)

'Degree - other

Professional Inst. qualification
1

Local Government certificate

Diploma - other

Structural engineering certificate

Engineering surveying certificate
i

Drafting certificate

Materials testing certificate

- Certificate - other

No qualification

No answer

TOTAL

81

37

20

13

5

14

5

21

28

14

4

36

45

8

331
.11111111M1==



20-25

26-30

31-35

36.40

41-45

46-50

51-55

56-60

>60

45

46

18

20

14

8

3

3

1.

15

30

13

3

3

2

6

2

4

3

4

3

4

2

3

1M,

3

AO

AO

WO

3

1

1

2

1

3

5

3

5

2

4

1

1

14

8

2

7

1

2

ND

1

1

Sub-Totals
158 90 10 13 25 3 1 9 24

Totals 331

TABLE Al.?. TYPE OF il.TALIFICATION

Qualification Number of Subjects

B.E. (Civil)

Diploma-engineering

B.Sc. (Civ41 Engineering)

Degree - other

professional Inst. qualification

Local Government certificate

Diploma - other

Stru,:tural engineering certificate

Engineering surveying certificate

Drafting certificate

Materials testing certificate

Certificate - other

No qualification

No answer

TOTAL

81

37

20
13

5

14

5

21

28

14

4

36

45

8

331

41. p.4.



TABLE A1.8. . TYPE OF QUALIFICATION OVER CLASSIFICATION AS ENGINEER

(Lk' LS 1-4) AND TECHNICIAN (LEVELS 5-7),

Qualification

Engineer Technician

Level 1 2 3 4

.
5 6 7

.

Total
, r

B.E. (Civil) 2 18 28 33 - - - 81

Diploma-Engineering 2 9 12 10 3 1 - 37

B.Sc. (Civil Engineering) 1 3 10 6 - - - 20

Degree - other - 3 7 2 1 - - 13

Prof. qualification - 1 2 2 - - - 5

Local Govt. Certificate 6 4 3 1 - - - 14

Diploma - other - 1 2 2 . - - 5

Struct. Eng. Certificate - - - - 8 11 2 21

Eng. Survey Certificate - - 1 3 5 19 - 28

Draft Certificate - - - 1 3 9 1 14

Mats. test. Certificate - - - - - 4 - 4

Certificate - other - 2 5 10 10 9 - 36

No qualification - 2 - 3 13 18 9 45

Noanswer - MM. Ma /=, MD ,. I 8

TOTAL 201 130 331

k l . .

TABLE A1.9. EMPLOYER CATEGORIES SPLIT OVER ENGINEER AND TECHNICIAN CLL;SIFICATIONS

Employer

Engineer Technician

Level 1 2 3 4 5 6 7
v.

Total
.

1

C'wealth Government 7 3 2 - 12

:State Government 10 26 27 19 35 2 119

'Local Government 7 25 12 13 12 15 1 85

iC
onsultants 2 7 14 12 8 20 10 73

iContrarAors 2 6 9 15 3 3 - 38
4

Gellert,' Industry 1 - - 3 - - - 4

4 1 , . 0-

"*"."2-------"--"\68.-----"1122-----3-#
201 130 0 331

40.
Ad.



TABLE A1.1G. . TYPE OF WORK SPLIT OVER ENGINEER AND TECHNICIAN CLASSIFICATIONS

Type of Work
Engineer Technician

Level 1 2 3 4 5 6 7 Total

1. Design 1 15 23 21 25 61 12 158

2. Construction 3 18 29 26 8 6 - 90

3. Maintenance - 3 3 2 1 - 1 10

4. Feasibility studies - - 5 5 2 1 - 13

5. R& D/Investigational - 4 5 7 6 3 - 25

6. Sales 1 - - 2 - - - 3

7. Design & feasibilit 1 - - - - - - 1

8. Constr. & Maint. 1 3 - 4 - 1 - 9

9. 7 & 8 5 5 3 6 2 1 - 22

1 1+130.''...422.."..11.'41L3.
201 130 331

- I

TABLE A1.11. COMPOSITE TABLE SHOWING ENGINEERS AND TECHNICIANS OVER TYPES
OF WORK OFTATEMER

Type cf Work

Employer

Total.'wealth
Govt.

State
Govt.

Local
Govt.

Consul-
tants.

Contra-
ctors.

General
Indu.

1. Design - Engrs.

Techns

2

-

17

41

15

20

24

37

1

-

1

-

60

98 158

2. Construction Engrs.

Techns

2 23

6

18

3

4

-

29

5

-

-

76

14 90

3. Maintenance Engrs.

Techns

-

-

6

1

2

1

-

-

-

-

-

- 2 10

4. Feasibility
Studies

Engrs.

Techns

1

-

2

1

-

-

5

1

2

1

-

-

10

3 13

5. R & D Engrs.

Techns

2

2

10

7

3

-

1

-

-

-

-

-

16

9 25

......--.--

6. Sales Engra.

Techns

-

-

-

-

-

-

-

-

-

-

3

-

3

- 3



2. Construction 3

3. Maintenance

4. Feasibility studies

5. R & D/Investigational

6. Sales

7. Design & feasibility 1

8. Constr. & Maint.

9. 7 &8

1

1

5

18

3

API

4

MEP

3

5

29

3

5

5

IM

3

r

26

2

5

7

2

4

6

8

1

2

6

2

1

1

1

rag

Ira

90

10

13

25

3

1

9

22

12 48 68

201

7 44 73 13

130 331

A

TABLE 10.11. COMPOSITE TABLE SHOWING ENGINEERS AND TECHNICIANS OVER TYPES
OF WORK AND EMPLOYERS

Type of Work

Employer

`Contra ,General Totals'wealth
Govt.

State
Govt.

Local
Govt.

consul -

tants.
-

ctors. Indu.

1. Design - Engrs.

Techns

2 17

41

15

20

24

37

1 1 60

98 158

2. Construction Engrs.

Techns

2 23

6

18

3

4

-

29

5

-

-

76

14 90

3. Maintenance Engrs.

Techns

-

-

6

1

2

1

-

-

-

-

-

- 2 10

4. Feasibility
Studies

Engrs.

Techns

1 2

1

-

-

5

1

2

1

-

-

10

3

5. R & D Engrs.

Techns

2

2

10

7

3 1

-

-

-

-

-

16

9

6. Sales Engrs.

Techns

-

-

-

-

-

-

-

-

-

_

3 3

7. Design,
Feasibility

Engrs.

Techns

-

-

-

-

-

-

1 -

-

-

-

1

-

8. Construction
& Maintenance

Engrs.

Techna

-

-

3

-

5

1

-

-

-

-

-

- 1

41. p.6.



TABLE A1.11, (Cont.)

Type of Work

Employer

Totals
;wealth
Govt.

State
Govt.

Local
Govt.

Consul-Contra-
tants. ctors.

General
Indu.

9. 7 & 8 Engnrs. 3 2 14 - - - 19

Techns - - 3 - - - 3 22

Total Engineers 10 63 57 35 32 4 201

Total Technicians 2 56 28 38 6 - 130

TOTAL 12 119 85 73 38 4 331

I

TABLE A1.12 METHOD OF ACHIEVING QUALIFICATIONS

Method Engineers Technicians Total

Full-Time

Part-Time

Full-Time/Part-Time

Correspondence

Sandwich

T.W.I.

Self-Learning

No-Answer

TOTAL

85

79

6

74

91

153

11

7

3

1

3

62

331

TABLE A1.13. LENGTH OF TIME IN PRESENT JOB (YEARS)

< 1yr. 2 yr.A 3 yr. 4 yr. 5 yr. 667 Yr. 8-1p 103? Total

Number of
Subjects

%

37

11%

59

18

56

17

28

8

30

9

35

11

31

9

55

17

331

100%

TABLE A1.14

I

LENGTH OF TIME IN CIVIL ENGINEERING (YEARS

I* 1 L 1,, Al 1... offl
16.-201 21-30IN. 30 I No 1



9. 7 & 8 Engnrs.

Techns

3

-

2

.

14

3

-

.

.

.

.

.

19

3 22

Total Engineers 10 63 57 35 32 4 201

Total Technicians 2 56 28 38 6 - 130

TOTAL 12 119 85 73 38 4 331

TABLE A1.12 METHOD OF ACHIEVING gALIFICATIONS

Method Engineers Technicians Total

Full-Time

Part-Time

Full-Time/Part-Time

Correspondence

Sandwich

T.W.I.

Self-Learning

No-Answer

TOTAL

85

79

6

74

91

153

11

7

3

3

62

331

TABLE A1.13. LENGTH OF TIME IN PRESENT JOB (YEARS)

4: 1yr, 2 vr. 3 yr. 4 yr. 5 yr. 7 yr/ 800 >la. Total

Number of
Z4bjects

%Amft./
37

11%

59

18

56

17

28

8

30

9

35

11

31

9

55

17

331

100%

TABLE A1.14 LENGTH OF TIME IN CIVIL ENGINEERING (YEARS)

.
Y

41yr 2 yr.5.4yr.

-w

5-7 yr 8...10yr,
g

11.15yr

.

16..20
yr.

X21 -30
yr.

30
;, yr.

No
Answer

Number of 4 9 37 52 53 65 33 55 18 5
Subjects TOTAL 331

% 1 3 11 16 16 20 10 17 1 5 1

TOTAL 100%

LINIOni

Al. p.7.



N.B. In tables A1.13.1 and A1.14., the increments chosen for

the time scales are unr4ual. The questions were inserted in

order to see if an unduly large number of respondents were

.new to civil engineering and/or new to their job.

ra)



APPENDIX 2 TASK ANALYSIS QUESTIONNAIRE
- BROAD TASK ANALYSIS.
FREQUENCY OF TASK

On the second page of the questionnaire seeking information
on tasks and training etc., respondents were asked to allocate their
work time over certain types of task. These tasks were classified
as Technical matters, Manual skills, Economic and financial matters,
Communication matters/exchange of information, and Management and
Personnel matters. The analysis of the data relating to this has
been dealt with in Chapter 8 of this report.

The instructions to respondents dealing with this task
analysis or Broad Task Analysis as it has been called in this report,
also asked them to indicate the frequency with which they were
involved in each particular task over the previous twelve months.
The instructions read as follows:

"On this page we would like you to show how your
working time is split-up over some broad categories
of tasks. In order to do this with some accuracy
we suggest you note down day by day for a period of
two working weeks the approximate hours spent on
each of the broad categories of task. At the end
of the time the hours can be summed and a percentage
calculated for each category. We are only interested
in the percentage of the hours worked, and these should
be indicated in the column headed "% or nil". Percentages
to be given to the nearest 5%. In the next column headed
"Frequency" please indicate how frequently you were
engaged on the category of task over the last year, since
the fortnight chosen may not have been typical of your
working year. Your answer to be selected from the
following list of code numbers with their meanings:-

1 = Regularly, frequently, i.e. every day or every
other day

2 = Frequently, i.e. about once a week
3 = Not frequently, i.e. about once a month
4 = Infrequently, less than 10 times a year.

Please write the selected code number in its relevant
column in your answers below.

We suggest you read all the pages of the Task Analysis
section in order to gain an idea of what is meant by
Technical Matters, Manual Skills, Economic & Financial
Matters etc."

This appendix presents in detail the information concerning
frequency of use provided by the respondents. In this presentation
the total response has been split a variety of ways, e.g. between
all engineers, and all technicians, split over employer, type of work,
and age etc.

- 1 ,



TABLES A2.1. 1 & 2 FREQUENCY OF USE OF TASK
(SPLIT OVER ALL ENGINEERS AND ALL TECHNICIANS)

1. ENGINEERS nr. 201

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Answer

Technical 8 193 96% 139 37 11 2 12

Manual 84 117 58 35 41 21 23 81

Economic 29 172 86 57 71 36 9 28

Communication 11 190 95 130 41 12 2 16

Management 32 169 84 101 39 19 7 35
4

N.B. In the above table, as in all the tables in this appendix the

first and last columns roughly agree, the figures in the last column

always being numerically greater than those in the first column. This

is because in some cases a respondent indicating use or involvement in

a category of task did not report the frequency of use. Therefore the

number of "no answer" replies for frequency was slightly larger than the

number of "do not use" replies for the tasks.

2. TECHNICIANS n= 130

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Answer

Technical 21 109 83.8 70 17 10 3 30

Manual 19 111 85.4 71 21 7 2 29

Economic 76 54 41.5 8 14 16 12 80

Communication 43 87 66.9 35 27 15 2 51

Management 80 50 38.5 21 11 6 5 87



TABLES A2. 2. 1.2.3.
4.5. & 6.

1. ENGINEERS - DESIGN

FREQUENCY OF USE OF TASK
(FOR ENGINEERS AND TECHNICIANS
ENGAGED ON DESIGN, CONSTRUC-
TION AND OTHER WORK)

n = 60

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 1 59 98 50 8 2 0 0

Manual 25 35 58 13 13 4 7 23
Economic 12 48 80 11 22 13 4 10

Communication 2 58 95 33 19 5 1 2

Management 14 46 76 25 9 8 5 13

2. ENGINEERS - CONSTRUCTION n= 92

TASK
DO NOT
USE

DO
USE

%
USE

,

1.

FREQUENCY OF USE
2. 3. 4. No Ans.

A I ,

Technical 5 87 95 57 18 7 2 8

Manual 32 60 65 16 23 12 9 32

Economic 11 81 88 34 30 15 0 13

Communication 4 88 96 64 15 5 1 7

Management 6 86 93 50 23 8 1 10

3. ENGINEERS - OTHER WORK n = 49

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical
Manual
Economic
Communication
Management

2
27 .

6

5
12

47
22
43
44

37

96
45
88
90
75

i

32
6
11

33
25

11

3
18

7
6

2
7
8
2
4

0
6

5
0
1

/*
7

13

A. r3,



TABLES 42. 2. 1.2.3.
4.5. & 6. (continued)

4. TECHNICIANS - DESIGN n=98

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4.

.

No Ans.

Technical 16 82 84 52 12 9 3 22

Manual 11 87 89 54 18 5 1 20

Economic 56 42 43 6 12 14 9 57
Communication 32 66 67 27 22 13 1 35
Managcment 62 36 37 15 8 6 4 65

5. TECHNICIANS - CONSTRUCTION n= 17

TASK
DO NOT
USE

DO
USE

%
USE

..

1.

FREQUENCY OF USE
2. 3. 4. No Ans.

4 MI

Technical 1 16 94 9 I+ 1 0 3
Manual 5 12 71 8 2 1 0 6

Economic 11 6 35 1 1 2 1 12

Communication 5 12 71 4 5 0 1 7
Management 10 7 41 3 1 0 1 12

, .

6. TECHNICIANS - OTHER WORK n= 15.

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

...............

Technical 4 11 73 9 1 0 0 5
Manual 3 12 30 8 0 2 1 4

Economic 9 6 40 1 3 0 2 9
Communication 6 9 60 5 1 2 0 7
Management 8 7 47 4 2 0 0 9

. - .

4-



TABLES AZ 4. 1.2.3.
4.5. & 6.

1. COMMONWEALTH GOVERNMENT

FREQUENCY OF USE OF TASK
(SPLIT OVER TYPE OF EMPLOYER)

n = 12.

TASK DO NOT
USE

DO
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ails.

Technical 1 11 92 8 1 2 0 1

Manual 5 7 58 4 0 1 2 5
Economic 3 9 75 1 3 4 2 2
Communication 1 11 92 10 1 0 0 1
Management 3 9 75 3 7 1 1 0

2. STATE GOVERNMENT n = 119

TASK
DO NOT
USE

DO
USE a'

1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 10 109 92 83 15 8 1 12

Manual 35 84 71 35 28 11 11 34
Economic 37 82 69 20 32 22 9 36
Communication 19 4, ,

...., 84 55 27 11 2 24
Management 51 68 57 43 12 8 4 52

3. LOCAL GOVERNMENT n=85

TASK
DO NOT
USE

,

USE % 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 3 82 96 57 16 5 3 4
Manual 20 65 76 32 15 12 6 20
Economic 16 69 81 23 28 14 4 16
Communication 8 77 91 50 17 0 9 9
Management 21 64 27 40 10 5 8 22
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TABLES A2. 4. 1.2.3.
4.5. & 6. (continued)

4. CONSULTANTS j2= 73

TASK
DO NOT
USE

DO
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

,

Technical 11 62 85 39 10 3 1 20

Manual 24 49 67 29 10 1 1 32

Economic 43 40 41 4 10 8 4 47

Communication 22 51 70 28 16 2 2 25

Management 27 46 63 18 14 8 0 33

5. CONTRACTORS n = 38

TASK
DO NOT
USE

DO
USE

,

1.

-

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 4 34 90 20 10 3 0 5

Manual 16 22 58 5 6 5 4 18

Economic 6 32 84 16 12 2 1 7

Cortmnication 4 34 90 20 7 5 0 6,

Mar3lment 9 29 76 12 12 3 0 11

6. GENERAL INDUSTRY n = 4

TASK
DO NOT
USE

DO
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical - 4 100 2 2 0 .., o 0

Manual 2 2 50 0 0 1 0 3

Economic - 4 100 0 1 2 1 0

Communication - 4 100 3 2 0 0 0

Management 1 3 75 2 0 1 o 1

I



TABLES A2. 5. 1.2.3.
4. & 5.

1. ENGINEERS 20,-30 yrs.

FREQUENCY OF USE OF TASK
(SPLIT OVER AGE AND AGAIN OVER
ENGINEERS AND TECHNICIANS)

n = 83

TASKS
DO NOT
USE

DO
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

___.

Technical 6 77 93 59 12 3 1 8
Manual 24 59 71 16 24 11 10 22
Economic 12 71 85 21 33 14 3 12

Communication 6 77 93 56 13 6 1 7
Management 18 65 78 36 18 9 2 18

2. ENGINEERS 31-40 yrs. n = 61

TASKS
DO NOT
USE

DO I

USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 2 59 96 43 11 4 1 2

Manual 29 32 52 10 6 7 8 30
Economic 9 52 85 18 19 11 3 10

Communication 2 59 96 36 16 4 0 5

Management 5 56 92 30 13 6 4 8

3. ENGINEERS 41 yrs. and older n = 57

TASKS
DO NOT

USE
DO
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 0 57 100 37 14 4 0 2

Manual 31 26 46 9 9 5 4 30

Economic 8 49 86 17 18 11 3 8

Communication 3 54 95 38 12 2 1 4

Management 9 48 84 34 7 5 1 10



TABLES A2. 5. 1.2.3.
4. & 5. (continued)

4. TECHNICIANS 20-30 yrs. n = 87

Ir.....
TASK

DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 15

,

72 83 40 14 9 2 22

Manual 11 76 87 54 9 4 0 20

Economic 52 35 40 5 11 8 9 54

Communication 34 53 61 21 19 10 2 35

Management 59 28 32 11 7 3 3 63

5. TECHNICIANS 31 yrs & older n=43

I

TASK
DO NOT
USE

DO
USE

%
USE 1.

FREQUENCY OF USE
2. 3. 4. No Ans.

Technical 6 37 86 30 3 1 1 8

Manual 8 35 81 16 11 4 2 10

Economic 24 19 44 3 5 8 3 24

Communication 9 34 79 15 9 5 0 14

Management 21 22 51 11 4 3 2 23
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APPENDIX 3.

of 01.-/.....neVeWw, rr

TASK ANALYSIS QUESTIONNAIRE-

ANALYSIS OF "MANUAL SKILLS" CATEGORY OF TASK.

In the questionnaire each category of task was sub-divided
into a number of sub-categories of task in order to determine
whether some particular skills or parts of a task were used more
frequently than others, particularly with respect to one of the
independent variables e.g. type of work. Questions concerning
the importance of the sub-category of task were also raised.

This appendix, and the next three, are similar in fomat
and all relate to sub-categories of task. It may be of use
therefore at this point to repeat those instructions in the
questionnaire relating to these sub-categories of task as this
could assist in comprehending the tables that appear in Appendices
3,4,5, and 6.

The instructions were:-

"Please indicate in the sections that follow viz. Manual
skills, Economic, Communication, and Personnel matters.

a) what percentage of the total time spent on the activities
connected with that particular section can be allocated
to the sub-categories of task listEd in that wection.
Answers to nearest 10%. Percentage column to total 100%.

b) against those tasks where you have put a % figure indicate
the frequency with which you perform the task. Use one
of the code numbers 1,2,3 or 4 according to the notes below.

c) against those tasks where you have put a % figure indicate
the importance of that task using one of the code numbers
1,2,3,4 or 5; according to the notes below.

d) against all sub category tasks put either 1 or 0 (used,
or not used) depending on whether you have performed the
task in the past 12 months.

FREQUENCY of use, select one of the following code numbers
with their meanings as given:-

1 Regularly, frequently, i.e. every day or every other day

2 = Frequently, i.e. about once a week

3 = Not frequently, i.e. about once a month

4 = Infrequently, i.e. less than 10 times a year

IMPORTANCE - i.e. whether knowledge of the particular element
is important in your job. Your answer to be selected from
the following code numbers with their meanings as given:-

1 = Very important, easy to acquire

2 = Very important, difficult to acquire

3 = Important, easy to acquire

4 = Important, difficult to acquire

5 = Not important "

JO,



The category "Manual skills" was sub-divided into

i) drawing and drafting

ii) using survey instruments

iii) using laboratory or testing apparatus

iv) other (specify)

After the usual adjustments for no response and imperfect
response the following tables for engineers and technicians were
prepared.

TABLE A3.1. PERCENTAGE USE OF VARIOUS MANUAL SKILLS
BY ALL ENGINEERS AND TECHNICIANS INDICATING

USE OF MANUAL SKILLS AT SOME TIME IN THEIR JOB

SUB-CATEGORY
OF TASK

ENGINEERS - %
n = 147

TECHNICIANS - %
n = 124

Drawing & Drafting 54% 73%

Using survey instruments 32 13

Using lab. apparatus 7 8

Others (miscellaneous) 6 5

"rounding off" error 1 '1

TABLE A3.2. 1 & 2.

1 - Engineers

FREQUENCY OF USE AND IMPORTANCE
OF VARIOUS MANUAL SKILLS

n = 11+

SUB-CATEGORY FREQUENCY OF USE IMPORTANCE USE IN
OF TASK 1. 2. 3. 4. NO 1. 2. 3. 4. 5. NO YEAR

ANS. ANS.
. A

Drawing & Drafting 28.37.32.37. 13 37. 3.62.18.14.13 125

Using survey insts. 27.19.28.31. 42 41. 4.45. 8. 5.42 90

Using lab. apparatus
,

1. 7,18.23, 98 3. 1.35. 1. 6.98 43

.

2 - Technicians n = 121+
SUB-CATEGORY FREQUENCY OF USE IMPORTANCE 7Ft=1
OF TASK 1. 2. 3. 4. NO 1. 2. 3. 4. 5. NO YEAR

ANS. ANS,

Drawing & Drafting 88.15.10. 5. 6 74,15.24. 3. 2. 6 114

Using survey insts. 19.11.13.14. 67 23. 4.24. 6. -.67 54

Using lab. apparatus 9, 2. 1, 1.111 6. 1. 6. -. -411 13



The next table consists of six parts, and refers to
technicians split into the three types of work category, viz.
design, construction, and other work (feasibility studies, R & D/
investigational, etc.)

TABLE A PERCENTAGE USE OF VARIOUS MANUAL SKILLS BY ENGINEERS
AND TECHNICIANS ACCORDING TO TYPE OF WORK, AND WHO

INDICATED USE OF MANUAL SKILLS AT SOME TIME IN THEIR JOB.

DESIGN WORK n = 44 n =

SUB-CATEGORY
OF TASK

ENGINEERS
%

TECHNICIANS
%

Drawing & Drafting 70% 84%

Using survey instruments 14 11

Using lab. apparatus 5 1

Other (miscellaneous) 10 3

rounding off 'error' 1 1

CONSTRUCTION WORK n = 68 n = 16

Drawing & Drafting 44% 32%

Using survey instruments 48 17

Using lab. apparatus 7 39

Other (miscellaneous) 11

rounding off 'error' 0 1

OTHER WORK n = 35 n = 1 5

Drawing & Drafting 52%

Using survey instruments 26

Using lab. apparatus 12

Other (miscellaneous)

rounding off 'error'

9

I

41%

19

28

11

1

The following six tables deal with the frequency of use and
importance for each of the six groups referred to in the previous
t. bles.



TABLE A3.4. FREQUENCY AND IMPORTANCE OF MANUAL SKILLS FOR ENGINEERS
AND TECHNICIANS IN VARIOUS TYPES OF WORK, AND WHO USED

SUCH SKILLS AT SOME TIME IN THEIR JOB.

NGINEERS - DESIGN n. 44

SUB-CATEGORY FREQUENCY OF USE IMPORTANCE USE IN
OF TASK 1. 2. 3. 4. NO 1. 2. 3. 4. 5. NO YEAR

ANS. ANS.

Drawing & Drafting 12.15. 6. 7. 4 16. 2.15. 5. 4. 2 42

Using survey insts. 5. 3.. 3. 4. 29 9. 0. 3. 3. 0. 29 16

Using lab. apparatus O. O. 3. 6. 35 1. 1. 6. 0. 0. 36 9

ENGINEERS - CONSTRUCTION n = 68
.

Drawing & Drafting 12.12.20.21. 3 17. 1.32. 4. 8. 6 58

Using survey insts. 18.12.21.15. 0 26. 2.31. 4. 3. 2 58

Using lap. apparatus O. 7.11.10. 40 O. 0.22. 1. 4. 39 25

.
.

NG E - OTHER WORK n =
Drawing & Drafting 4. 9. 7. 9. 6 5. 0.19. 0. 5. 6 26

.

Using survey insts. 4. 4. 8. 5. 14 5. 1.13. 0. 2, 14 31

Using lab. apparatus 1. O. 4. 7. 23 2. 0. 7. 0. 2.. 24 10

.

TECHNICIANS - OF iGiv n =
Drawing & Drafting 80.10. 2. 1. 0 67.15. 9. 2. O. 0 92

Using survey insts. 13. 9.13.11. 47 18. 4.17. 6. 1. 47 43

Using lab. apparatus 1. O. 1. O. 91 1. 1. O. O. O. 91 2

,

TECHNICIANS - CONSTRUCTION n = 16

Drawing & Drafting 4. 2. 3. 3. 4 4. 0. 7. 1. 0. 4 12

Using survey insts. 3. 1. 1. 1. 10 3. 0. 3. 0. 0. 0 6

Using lab. apparatus 5. 1. 0. 1. 9 4. 0. 3. 0. 0. 0 7

OTHER WORK n = 1
.

Drawing & Drafting 3. 3. 5. 1.

-

3 3. 0. 6. 0. 2. 4 10

Using survey insts. 2. 2. 2. O. 9 2. 0. 4. 0. 0. 9 5

U ::ing lab. apparatus 3. 1. O. O. 11 2. O. 3. 0. 0. 10 1+

A3



APPENDIX 4. ' TASK ANALYSIS QUESTIONNAIRE-ANALYSIS OF
"ECONOMIC/FINANCIAL MATTERS" CATEGORY OF TASK.

The category "Economic/financial matters" was sub-divided into:-

i) Feasibility studies
ii) Cost benefit analyses

iii) Market studies
iv) Costing of, costs of projects
v) Other (specify)

After the usual adjustments for no responsib and imperfect response
had been made the following combined table for engineers and technicians
in design work, construction work and other work (feasibility studies,
R & D/Investigational etc.) was prepared:

TABLE A4.1. PERCENTAGE USE OF VARIOUS "ECONOMIC/FINANCIAL MATTERS"
BY ENGINEERS AND TECHNICIANS ACCORDING TO TYPE OF WORK,
AND WHO INDICATED USE OF "ECONOMIC/FINANCIAL MATTERS"
AT SOME TIME IN THEIR JOB.

DESIGN WORK n = 44 n = 4
SUB-CATEGORY
OF TASK

ENGINEERS TECHNICIANS

.....------%

Feasibility Studies 18% 12%

Cost benefit analyses 10 2

Market studies 3 1

Costings, costs 65 80

Other (miscellaneous) 3 4

Rounding off 'error' 1 0

CONSTRUCTION WORK n = 86 n = 7

Feasibility Studies

Cost benefit analyses

Market studies

Costings, costs

Other (miscellaneous)

Rounding off 'error'

11%

9

7

70

3

0

4%

3

0

92

1

0

OTHER WORK

Feasibility Studies

Cost benefit analyses

Market studies

Costings, costs

Other (miscellaneous)

Rounding off 'error'

n = 46 n . 6
19%

10

4

22%

12

0

60 49

7

0 3

The following combined table shows the frequency of use, and
imnortance of the various economic /financial matters for each of the
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iv) Costing of, costs of projects
v) Other (specify)

After the usual adjustments for no response and imperfect response
had been made the following combined table for engineers and technicians
in design work, construction work and other work (feasibility studies,
R & D/Investigational etc.) was prepared:

TABLE A4.1. PERCENTAGE USE OF VARIOUS "ECONOMIC/FINANCIAL MATTERS"
BY ENGINEERS AND TECHNICIANS ACCORDING TO TYPE OF WORK,
AND WHO INDICATED USE OF "ECONOMIC/FINANCIAL MATTERS"
AT SOME TIME IN THEIR JOB.

= 44 n = 4
SUB-CATEGORY
OF TASK

ENGINEERS
%

TECHNICIANS
%

Feasibility Studies 18% 12%

Cost benefit analyses 10 2

Market studies 3 1

Coatings, costs 65 80

Other (miscellaneous) 3 4

Rounding off 'error' 1 0

CONSTRUCTION WORK

Feasibility Studies

Cost benefit analyses

Market studies

Coatings, costs

Other (miscellaneous)

Rounding off 'error'

n = 86

11%

9

7

70

3

0

n =

4%

3

0

92

1

0

OTHER WORK n = 46 n 6

Feasibility Studies

Cost benefit analyses

Market studies

Coatings, costs

Other (miscellaneous)

Rounding off 'error'

19%

10

4

22%

12

0

60 49

7 4

0 3

The following combined table shows the frequency of use, and
importance of the various economic/financial matters for each of the
six groups referred to in the previous table.

See pre-amble to Appendix 3.



TABLE A4.2. FREQUENCY AND IMPORTANCE OF VARIOUS ECONOMIC/
FINANCIAL MATTERS FOR ENGINEERS AND TECHNICIANS
IN VARIOUS TYPES OF WORK] AND WHO USED THEM AT
SOME TIME IN THEIR JOB.

ENGINEERS - DESIGN n = 44
4

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
1. 2. 3. 4. NO

ANS.
1.

IMPORTANCE
2. 3. 4. 5. NO

ANS.

USE IN
YEAR

Feasibility studies 4. 5. 8.15. 12 8. 7. 9. 6. 1. 13 28

Cost benefit analyses 3. 4. 6. 9. 22 5. 4. 7. 4. 2. 22 19

Market studies 1. 1. 1. 2. 39 3. 0. 1. 1. 0. 39 5

Castings, costs 11.13.14. 6. 0 15. 8.15. 4. 2. 0 44'

ENGINEERS - CONSTRUCTION n = 86

Feasibility studies , 9.10.19.13. 35 12. 4.21. 9. 3. 37 43

Cost benefit analyses 7. 6.14.11. 48 7. 2.18. 8. 1. 50 31

Market studies 2. 1. 1. 1. 81 O. 1. 2. 1. 1. 81 4

Costings, costs 34.34.12. 2. 4 37.15.26. 2. 1. 5 76

fl

ENGINEERS - OTHER WORK n = 46

Feasibility studies 7. 8. 8. 5. 18 4.11. 9. 4. 0. 18 27

Cost benefit analyses 3. 5. 8. 8. 22 3. 8. 7. 4. 1. 23 23

Market studies O. O. 2. 2. 42 O. 0. 4. 1. 0. 41 4

Costings, costs 13.21. 5. 2. 5 12. 5.22. 2. 0. 5 38

TECHNICIANS - DESIGN n = 4

Feasibility studies 4. 2. 6. 4. 29 5. 3. 2. 4. 2. 29 15

Cost benefit analyses O. 1. 3. 1. 40 0. 2. 2. 1. O. 40 5

Market studies 0. O. 0. 1. 44 0. 0. 1. 0. 0. 44 1

Costings, costs 8.18. 9. 6. 4 16. 5.12. 6. 2. 4 39

TECHNICIANS - CONSTRUCTION n

Feasibility studies 0. O. 2. 0. 5 0. 2. O. O. O. 5 2

Cost benefit analyses O. O. 1. 2. 4 0. 2. O. 1. O. 4 3

Market studies O. O. O. O. 0 O. O. O. O. 0. 7 0

CoJtingb, cofits 3. 1. 2. 1. 0 1. 3. 2. 1. O. 0 7

TECHNICIANS - OTHER WORK n = 6

Feasibility studies 0. 3. 0. 0. 3 2. O. O. 1. O. 3 1

Cost benefit analyses 1. 1. O. 1. 3 0. 0. 1. 1. 1. 3 2

Market studies O. O. O. 0. 6 O. O. O. O. 0. 6 0

Coatings, costs 1. 3. 1. 1. 0 2. O. 2. 1. 1. 0 4
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APPENDIX 5 TASK ANALYSIS QUESTIONNAIRE -
ANALYSIS OF "COMMUNICATION OR
EXCHANGE OF INFORMATION MATTERS"
CATEGORY OF TASK

The category "Communication or exchange of information
matters" was sub-divided into:-

(1) ,C.iting letters, reports or filling in forms

(2) Sketching

(3) Talking on telephone, in groups, lecturing, attending
meetings as a participant

(4) Reading letters, reports, drawings or forms.
Keeps up-to-date reading journals.

The usual adjustments were made for no response, and imperfect
response, and the following combined table for engineers and technicians
engaged in design work, construction work and other work (feasibility
studies, R & D/Investigational etc.) was prepared.

TABLE A5. 1. PERCENTAGE USE OF VARIOUS "COMMUNICATION OR EXCHANGE
OF IDMORMATION MATTERS" BY ENGINEERS AND TECHNICIANS
ACCORDING-TO TYPE OF 'WORK. AND WHO INDICATED USE OF
COMMIJNICATION OR EXCHANGE OF INFORMATION MATTERS AT
SOME TIME IN THEIR JOB.

DESIGN WORK n= 57 n =

SUB-CATEGORY
OF TASK

ENGINEERS
%

TECHNICIANS
%

Writing letters etc. 31% 33%
Sketching 15 21

Talking 25 18

Reading reports etc. 27 26
Other (miscellaneous) 2 2

Rounding off 'error' 0 0

CONSTRUCTION WORK n = 88 n = 15

Writing letters etc. 38% 44%
Sketching 9 9

Talking 30 19

Reading reports etc. 22 24
Other (miscellaneous) 1 4
Rounding off 'error' 0 0

OTHER WORK n = 46 n = 11

Writing letters etc. 43% 38%
Sketching 7 10

Talking 26 21

Reading reports etc. 22 27
Other (miscellaneous) 1 2

Rounding off 'error' 1 2



(1) Writing letters, reports or filling in forms

(2) Sketching

(3) Talking on telephone, in groups, lecturing, attending
meetings as a participant

(4) Reading letters, reports, drawings or forms.
Keeps up-to-date reading journals.

The usual adjustments were made for no response, and imperfect
response, and the following combined table for engineers and technicians
engaged in design work, construction work and other work (feasibility
studies, R & D/Investigational etc.) was prepared.

TABLE A5. 1. PERCENTAGE USE OF VARIOUS "COMMUNICATION OR EXCHANGE
BY -le-N .1D --r-H ANS

lAcci)!PRIPPILIIITNgti22EAER2121111212AIERMALLItratiffiNTATIN MATTERS AT
SOME TIME IN THEIR JOB.

DESIGN WORK

es*T- -4T

n = 57 n = 74

SUB-CATEGORY
OF TASK

ENGINEERS
%

TECHNICIANS
%

.
,

Writing letters etc. 31% 33%
Sketching 15 21

Talking 25 18

Reading reports etc. 27 26
Other (miscellaneous) 2 2

Rounding off 'error' 0 0

CONSTRUCTION WORK n = 88 n = 15

Writing letters etc. 38% 44%
Sketching 9 9
Talking 30 19

Reading reports etc. 22 24
10ther (miscellaneous) 1 4

!Rounding off 'error' 0 0

OTHER WORK n = 46 n = 11

Writing letters etc. 43% 38%
Sketching 7 10

Talking 26 21

Reading reports etc. 22 27
Other (miscellaneous) 1 2
Rounding off 'error' 1 2

$

See preamble to Appendix 3.



The followin.7, combined table shows the frequency of use and
importaiize of tht, variou: communication or oxchang. of information
matters for each of the six groups referred to in the previous table.

TABLE A5. 2. FR:cUENCY AND IMPORTANCE OF VARIOUS COMMUNICATION
MATTERS FOR ENGINEERS AND TECHNICIANS IN VARIOUS
TKp10USE'YPESOFWOANDWrlATSOMETEN
THEIR JOB.

ENGINEERS - DESIGN n = 57

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No

. 2. 3. 4. Ans. 1. 2.

IMPORTANCE

3. 4.

No
5. Ans.

USE
IN

YEAR

Writing letters etc. 33 14 4 1 5 24 10 11 4 1 7 45

Sketching 17 14 ? 2 17 21 4 13 0 2 17 35

Talking '59 6 5 3 6 23 4 17 4 1 8 45

Reading reports etc. 32 17 2 1 5 25 1 17 5 2 7 46

ENGINEERS - CONSTRUCTION n = 88

Writing letters otc. 63 18 4 0 3 29 20 27 6 0 6 75
Sketching 17 17 1 2 37 9 1 26 5 4 43 46

Talking 72 10 3 0 3 32 8 38 4 2 4 76

Reading reports etc. c',.) 19 5 0 4 30 10 35 3 3 7 75

ENGINEERS - OTHER WORK n = 46

Writing letters etc. 30 12 1 1 2 18 8 10 3 0 7 31

Sketching 7 13 5 1 20 7 2 13 1 1 22 18

Talking 31 9 3 0 3 19 2 15 3 1 6 31

Reading reports etc. 30 12 1 0 3 23 4 11 1 6 32

TECHNICIANS - DESIGN n = 74

Writing letters etc. 17 18 17 5 17 15 10 25 1 4 19 52

Sketching 13 19 12 9 21 15 3 25 3 5 23 46

Talking 18 17 11 4 24 18 3 21 1 5 26 44

Reading reports etc. 26 16 15 2 15 16 4 31 2 4 17 50

...-

TECHNICIANS - CONSTRUCTION n = 15

Writing letters etc. 9 3 3 0 0 4 3 6 2 0 0 15

Sketching 2 2 4 2 5 2 0 7 0 0 6 9

Talking 7 4 0 2 2 3 3 5 1 0 3 11

Reading reports etc. 8 2 1 1 3 5 0 6 0 0 4 11

TECHNICIANS - OTHER WORK n = 11

. .
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ENGINEERS - DESIGN

AmiL1

HATTERS FOR ENGINEERS AND TECHNICIANS IN VARIOUS
P^ OF ZWFICE/T311aTirE

THEIR JOB.

n = 57

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No

1. 2. 3. 4. Ans. 1.

IMPORTANCE

2. 3. 4.

No
5. Ans.

USE
IN

YEAR

Writing Letters etc. 33 14 4 1 5 24 10 11 4 1 7 45

Sketching 17 14 7 2 17 21 4 13 0 2 17 35

Talking 39 6 3 3 6 23 4 17 4 1 8 45

Reading rForts et(-.. 3? 17 2 1 !:: 25 1 17 5 2 7 46

ENGINEER6 - CONSTRUCTION n = 88

Writing letters etc. 63 18 4 0 3 29 20 27 6 0 6 75

Sketching 17 17 1, 2 37 9 1 26 5 4 43 46

Talking 72 10 3 0 3 32 8 38 4 2 4 76

Reading reporL etc. to 19 0 4 30 10 35 3 3 7 75
%...

ENGINEERS - OTHER WORK n = 46

Writing le.tt,?rs etc. 30 1.' 1 1 2 18 8 10 3 0 7 31

Sketching 7 13 5 1 20 7 2 13 1 1 "-2. 18

Talking 31 9 3 0 3 19 2 15 3 1 6 31

Reading reports etc. 30 12 1 0 3 23 4 11 1 6 32

TECHNICIANS - DESIGN n = 74

Writing letters etc. 17 18 17 5 17 13 10 25 1 4 19 52

Sketching 13 19 12 9 21 15 3 25 3 5 23 46

Talking 18 17 11 4 24 18 3 21 1 5 26 44

Reading reports etc. 26 16 15 2 15 16 4 31 2 4 17 50

TECHNICIANS - CONSTRUCTION n = 15

Writing letters etc. 9 3 3 0 0 4 3 6 2 0 0 15

Sketching i! 2 4 2 5 2 0 7 0 0 6 9
Talking 7 4 0 2 2 3 3 5 1 0 3 11

Reading reports etc. 8 2 1 1 3 5 0 6 0 0 4 11

TECHNICIANS - OTHER WORK n = 11

Writing letters etc. 8 1 1 0 1 3 0 5 0 1 2 6

Sketching 2 2 2 1 4 1 0 3 1 1 5 5
Talking 9 0 0 0 2 3 : 4 1 0 4 5

Reading reports etc. 7 2 0 0 2 2 0 5 1 1 2 5

A5. p.2.



APPENDIX 6 * TASK ANALYSIS QUESTIONNAIRE
ANALYSIS OF 'MANAGEMENT AND
PERSONNEL MATTERS" CATEGORY OF TASK

The category "Management and personnel matters" was divided into

eleven sub-categories of task as follows:-

1) Planning - annual plans, budgets, P.E.R.T. critical path work,

network analysis, classification and statement of objectives.

2) Organising - adapting resources to meet needs of jobs defining

procedures, assigning activities.

3) Directing - talking to staff in reporting sessions, following

progress of work, motivating, leading, preserving morale.

4) Controlling - comparing with accepted or nominated ...odes of

performance, budgetary control, time control, production control.

5) Co-ordinating - arranging inter-departmental, inter-company etc.

discussions, smoothing out obstacles.

6) Interviewing - engaging staff, promoting, firing, staff counselling,

staff appraisal sessions, filling in reports on staff.

7) Labour relations - arbitrating etc., discussions with bodies
representing groups of staff or labour, salary and war discussions

8) General personnel matters - absenteeisJI health matters, arguments,

worries, anxieties, frustrations of utaff and labour.

9) Statistics - on labour and staff, compiling returns for

accountants, goverment departments etc.

10) Safety mat'r-.s - dealing with safety regulations, policing safety

precautions etc.

11) Other (please specify).

The usual adjustments were made for no response, and imperfect

response and the following combined table for engineers and technicians

engaged in design work, construction work and other work was prepared.

1" See preamble to Appendix 3.
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TABLE A6. 1. PERCENTAGE USE OF VARIOUS "MANAGEMENT AND
PERSONNEL MATERS" BY ENGINEERS AND TECRNICIANS

ACCORDING TO TYPE OF WORK AND WHO TSDICATED
USE OF MANAGEMENT AND PERSONNEL MATTERS AT SOME

TIME IN THEIR JOB.

DE.,;IC1 WORK n = 55 n = 1+3

SUB-CATEGORY
OF TASK

ENGINEERS TECHNICIANS

Fs-inning 11 6

Organising 19 24

Directing 31 34

Controlling 11 8

Co-ordinating 18 90% 4 76%

Interviewing 2 5

Labour relations 1

General personnel 4 5

statistics 1 5

Satety matters 1 2

Other (miscellaneous) 1 5 23%

RJunding off 'error' 0

CONSTRUCTION WORK n = 86 n = 9

Planning

Organising

Directing

Controlling

Co-ordirating

Interviewing

Labour relations

General personnel

Statistics

Z.,:ty matters

Other(miscellaneous)

Rounding off 'error'

15

23

20

14

10

3

3

5

2

5

0

0

82%

18%

16

25

20

5

5

2

18

3

2

0

3

71%

26%

/i E f



TABLE A6. 1. (Continued)

OTHER WORK n = 40 n = 8

SUB-CArEGORY
OF TASK

ENGINEERS
%

TECHNICIANS
%

P1'nning 18 10

Organising 21 26

Directing 21 17

Controlling 10 8

Co-ordinating 9 79% 13 74%

Interviewing 4 0

Labour relations 2 4

General personnel 5 8

Statistics 2 5

Safety matters 6 8

Other (miscellaneous) 1 20% 0 25%

Rounding off 'error' 1 1

Next follows the combined table showing the frequency of
use and importance attached to the various management and
personnel matters for each of the six groups of respondents
referred to in the previous table.

Al, (3.



TABLE A6. 2.

ENGINEERS - DESIGN

FREQUENCY AND IMPORTANCE OF VARIOUS
MANAGtMENT AND PERSONNEL MATTER FOR
ENGINEERS AND TECHNICIANS IN VARIOUS
TYPES OF WORK, AND WHO USED THEM AT
SOME TIME IN THEIR

n = 55

SUB-CATEGORY
OF TASK

FREQUENCY OF

1. 2. 3. 4.

USE
No.
Ans. 1.

IMPORTANCE
No.

2. 3. 4. 5. Ans.
USE IN
YEAR

Planning .6 9 10 6 24 8 8 9 5 1 24 27

Organising 19 15 7 4 10 16 9 13 4 2 11 40

Directing 36 4 5 2 8 19 8 12 5 2 9 42

Controlling 10 9 13 1 22 9 3 10 8 0 25 30

Co-ordinating 16 16 6 4 13 14 6 14 6 2 13 37

Interviewing 2 0 11 5 37 3 0 9 3 2 38 15

Labour relations 3 0 0 3 49 1 0 1 2 0 51 5

General personnel 4 5 8 4 34 5 3 6 4 2 35 18

Statistics 3 2 4 1 45 2 0 6 1 0 46 8

Safety matters 2 0 2 2 49 4 1 1 0 0 49 5

ENGINEERS - CONSTRUCTION n = 86

Planning

Organising

Directing

13

49

53

26

21

20

26

8

7

5

1

0

16

7

6

22

32

31

15

17

20

20

23

18

12

7

10

1

1

1

16

6

6

66

76

75

Controlling 24 34 11 2 15 23 17 20 12 0 14 67

Co-ordinating 17 21 14 2 32 16 7 21 10 2 30 53

Interviewing 6 6 11 4 59 8 2 9 5 2 60 27

Labour relations 6 7 11 5 57 8 8 8 6 0 56 30

General personnel 13 13 12 8 40 9 11 10 11 4 41 44

Statistics 5 6 10 4 51 4 1 13 3 3 62 25

Safety matters 10 14 18 2 42 12 11 16 4 1 41 44

_ .
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TABLE A6. 2. (Continued)

ENGINEERS - OTHER WORKS n=40

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No.

1. 2. . 4 Ans

IMPORTANCE
No.

3. 4. 5. Ans.
USE IN
YEAR

Planning 12 6 9 4 9

..L.2.

13 4 7 3 2 11 25

Organising 19 12 2 3 4 14 6 11 2 0 7 31

Directing 19 11 5 1 4 10 10 10 4 0 6 31

Controlling 10 8 7 2 13 7 6 7 5 1 14 24

Co-ordinating 11 8 4 1 16 7 4 10 2 0 17 22

Intervewing 5 4 7 8 16 4 1 12 4 2 17 21

Labour relations 3 5 2 2 28 2 2 3 2 2 29 11

General personnel 4 9 4 3 20 4 2 6 4 3 21 18

Statistics 4 2 5 5 24 3 1 8 1 2 25 14

Safety matters 6 3 5 4 22 7 3 5 2 0 25 16

TECHNICIANS - DESIGN n=43

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No.

_ 1. 2. 3. 4. Ans. 1.

IMPORTANCE
No.

2. 3. 4. 5. Ans.
USE IN
YEAR

Planning 6 2 3 3 29 2 3 8 1 0 29 13

Organising 15 8 5 2 13 7 7 12 3 0 14 29

Directing 20 8 4 1 10 14 7 9 3 0 10 33

Controlling 6 7 4 1 25 3 4 7 3 0 26 17

Co-ordinating 5 4 2 0 32 3 0 8 0 0 32 10

Interviewing 4 1 2 4 32 4 2 3 0 1 33 9

Labour relations 0 2 2 1 38 2 0 2 0 1 38 3

General personnel 4 3 5 5 26 1 2 8 2 2 28 14

Statlst.i.cs 4 2 0 5 32 1 0 6 0 3 31 10



ENGINEERS . OTHER WORKS n=40

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No.

1 2 4 Ans. 1

IMPORTANCE

2 4
No.
Ana

USE IN
YEAR

Planning 12 6 9 4 9 13 4 7 3 2 11 25

Organising 19 12 2 3 4 14 6 11 2 0 7 31

Directing 19 11 5 1 4 10 10 10 4 0 6 31

Controlling 10 8 7 2 13 7 6 7 5 1 14 24

Co-ordinating li 8 4 1 16 7 4 10 2 0 17 22

Intervewing 5 4 7 8 16 4 1 12 4 2 17 21

Labour relations 3 5 2 2 28 2 2 3 2 2 29 11

General personnel 4 9 4 3 20 4 2 6 4 3 21 18

Statistics 4 2 5 5 24 3 1 8 1 2 25 14

Safety matters 6 3 5 4 22 7 3 5 2 0 25 16

TECHNICIANS - DESIGN n=43
.

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No.

1. 2. '. 4.,Ans. 1.

IMPORTANCE

2. . 4. .

No.
Ans

.

USE IN
YEAR

MIUMMO,

Planning 6 2 3 3 29 2 3 8 1 0 29 13

Organising 15 8 5 2 13 7 7 12 3 0 14 29

Directing 20 8 4 1 10 14 7 9 3 0 10 33

Controlling 6 7 4 1 25 3 4 7 3 0 26 17

Co-ordinating 5 4 2 0 32 3 0 8 0 0 32 10

Interviewing 4 1 2 4 32 4 2 3 0 1 33 9

Labour relations 0 2 2 1 38 2 0 2 0 1 38 3

General personnel 4 3 5 5 26 1 2 8 2 2 28 14

Statistics 4 2 0 5 32 1 0 6 0 3 33 10

Safety matters 1 0 2 1 39 1 0 2 0 0 40 4

. - _



TABLE A6. 2. (Continued)

TECHNICIANS - CONSTRUCTION n = 9

SUB-CATEGORY
OF TASK

FREQUENCY OF USE
No.

lt 2. 3. 4. Ans. 1.

IMPORTANCE
No.

2. 3. 4. 5. Ans.
USE IN
YEAR.

Planning 1 0 2 1 5 0 2 0 2 0 5 4

Organising 5 1 0 1 2 1 2 2 2 0 2 7

Directing 4 100 4 2 20104 5

Controlling / 3 0 0 0 6 0 1 2 0 0 6 3

Co-ordinating 1 2 0 1 5 1 1 0 2 0 5 4

Interviewing 2 0 1 0 6 1 2 0 0 0 6 3

Labour relations 1 1 0 0 7 0 1 1 0 0 7 2

General personnel 5 0 0 0 4 0 2 2 0 1 4 5

Statistics 1 0 2 0 6 0. 1 2 0 0 6 3

Safety matters 1 1 0 1 6 0 1 2 0 0 6 3

TECHNICIANS - OTHER WORK n = 8

Plaaning 2 1 3 0 2 1 1 1 2 0 3 4

Organising 5 1 2 0 0 3 0 2 1 0 2 5

Directing 4 0 1 0 3 2 1 1 1 0 3 4

Controlling 2 1 2 0 3 3 0 1 1 0 3 4

Co-ordinating 5 0 0 0 3 3 0 1 0 0 4 3

Interviewing 0 0 0 1 7- 0 1 0 0 0 7 1

Labour relations 1 0 0 2 5 1 1 0 0 1 5 2

General personnel 2 1 0 1 4 1 0 2 1 0 4 4

Ctatictiec 1 1 0 2 4 2 0 1 1 0 4 3

Cnfety matters 1 0 0 4 3 2 0 1 0 1 4 3

6.



APPENDIX 7 TASY ANALYSIS QUESTIONNAIRE

- TECHNICAL MATTERS

The frequency of response is given in each of the cells of
the table below forr-
ENGINEER5 DESIGN x'60

"ELEMENTS" OF

CIVIL ENOINEERINO

KNOVILEDGE

Use
Level of

Knowledge

a
V

STRUcTURES:-
Stress calculations (e.g. F
Frame Analysis

using manual methods
using computers
a) via terminal to large instal:ation
b) on site small computer
c) desk top programmable calculator
using handbooks
elasticity (stress, strain etc-)
statics (1 e virtual work)

Design
metal structures. inc. steel
concrete structures
timber
code of practice
safety factors and load factors

Other iplease specify)
Jim

MATERIALS:-
Mechanical Testing
Quality control
Selection & specifications
Metallic
Organic (including timber)
Concrete
Ceramic
Silicate
Road Materials
Rheology
Other (please specify)

ditto

WATER:-
Solution of hydraulic Problems

from first principles
using empirical formulae
wing computer packages
using handbooks
using models

Solution of hydrologii problems
using raw data & first principles
using standard design procedures
te.g. Australia Rainfall 8 Runoff Handbook)
using computer package
using models
using systems analysis

Hydrostatics
Hydrodynamics
Water engineering

I
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the table below fort-
ENGINEERS ogssafts Pi it 60

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

se
Level of

Knowledge Frequency Impedance Difficulty Use In
Year

STRUCTURES:-
Stress calculations (e.g. F
Frame Analysis

using manual methods
using computers
a) via terminal to large installation
D) on site small computer
c) desk top programmable calculator
using handbooks
elasticity (stress, strain etc.)
statics (i e virtual work)

Design
metal structures, inc. steel
concrete structures
timber
code of practice
safety factors and load factors

Cth6r iplease specify)
auto

MATERIALS:-
Mechanical Testing
Quality control
Selection & specifications
Meta)! to
Organic (including timber)
Concrete
Ceramic
Silicate
Road Materials
Rheology
Other (please specify)

ditto

WATER: -
Solution of hydraulic problems

from first principles
u%ing empirical formulae
u5ing computer packages
Using handbooks
using models

Solution of hydrology problems
using raw coda & first principles
using standard design procedures
(e.g. Australia Rainfall & Runoff Handbook)
using computer package
using models
using systems analysis

Hydrostatics
Hydrodynamics
Water engineering
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APFiNDIX '7 TASK ANALYST :3 il;ESTIONNAIRE

- TECHNICAL MATTERS

The frequency of response Is 0:iVIA in each of the cells of
the table below for
ENGINEERS DE.GIGN n 6 0

Use Level of
K ledge Frogmen Importance Difficulty

Use
In

Year

..ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE
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Field investigations
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ENC,INEERS DESiGN

''ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

SOILS:
Geo log,c,11 assessment
Field invrstigations
Laboratory investigations
Foundation oesign or assessment
Earth structures design (e.g. embankments

darns, road bases)
Mechanics
tngineering
Other (please Specify)

oitto

CONSTRUCTION:
Critical Path Methods
Explosives

ELEC f RICAL ENGINEER' 11G:-
roilvors inalys,s
Eluipritent specification
Oth.n. (please specify)

ditto

MATHEMATICS
Basic algebra. geometry and trigonometry
C3lcul us
Nutlier methods
C.r,her ;please specify)

COMPUTERS
System Analysis
Veiling programs
Using programs
Other (please specify)

ditto

EQUIPMENT & PLANT

SURVEYING

Levelling
Setting out
Traversing
Photogrammetny
Other (please specify)

ditto
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APPENDIX 7 TASK ANALYSIS QUESTIONNAIRE

TECHNICAL MATTERS

The frequency of response is given in each of the cells of
the table below for
E N GMEERS CONSTRUCTION n az 9 I

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

use Level of
Knowledge Frequency Importance Difficulty U50 In

Year

STRUCTURES: -

Stress calculations (e.g. F)
Frame Analysis

using manual methods
using computers
a) via terminal to large Installation
b) on site small computer
c) desk top programmable calculator
using handbooks
elaStiCify (stress, strain etc.)
statics ( e virtual work)

Design
metal structures, inc. steel
concrete struciures
timber
code of practice
safety factors and load factors

Ctrer ,o'ease specify)

MATERIALS.-
Mpcmanicai Testing
Duality control
Selection & specificationsmewl I C

Organic iinCluding timber)
Concrete
Ceramic
Si ic. ate

taterials
Rheoic.cl,
Other 'posse specify)

ditto
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WATER..

Solution of hydraulic problems
from first principles
sing empirical formulae
using computer packages
uatng handbooks
using models

Solution of hydrology problems
using raw data & first principles
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1

ENGINEERS CONSTRUCTION

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

STRUCTURES: -
Stress CalculatiOns (e.g. F fht)
Frame Analysis

using manual methods
using computers
a) via terminal to large installation
b) on site small computer
c) desk top programmable calculator
using handbooks
eldsticiy (stress, strain etc.)
claims ti e virtual work)

Design
metal structures, inc. steel
concrete structures
timber
code of practice
safety factors and load factors

Ctner ,pease specify)

MATERIALS:.
Mecrianical Testing
Quality control
Selection & speClfiCafiOns
Metallic
Organic (including timber)
Concrete
Ceramic
Siiicate
Road Materials
Rheology
Other (please specify)

eitto

WATER:-
Sokition of hydraulic problems

from first principles
empirical formulae

using computer packages
ng handbooks

using models
Solution of hydrology problems

using raw data & first principles
using standard design procedurell
(e.g. Australia Rainfall IL Runoff Handbook)
using computer package
OS I ng models
using systems analysis

Hydrostatics
Hydrodynamics
Miter engineering
Other (please specify;

ditto

Level of
Knowledge

n 91
Frequency Impedance Difficulty Use In

Year
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APPENDIX 7, TASK ANALYSIS QUESTIONNAIRE

TECHNICAL MATTERS

The frequency of responbe i.3 tgivcri in each of the cells of
the. table below for
[1- N GINEaRS - CONSTRUCTION n sr 91

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

LISS
Level of

Knowledge Frequency Importance Difficu4ty
Use
In

Year
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Geological assessment
Field investigations
Laboratory investigations
Foundation design or assessment
Earth structures design (e.g. embankments

dams, road bases)
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Critical Path Methods
Explosives
Drilling
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Other (please specify)
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EN GINEeftS - CONSTRUCTION n91
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Geological assessment
Field investigations
Laboratory investigations
r 3undation design or assessment
karth structures design (e.g. embankments
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Engineering
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APPENDIX 7 TASK ANALYSIS QUESTIONNAIRE

- TECHNICAL MATTERS

The frequency of response is given in each of the cells of
the table below for
ENG-INEERS - OTHER. WORK n as SO

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

Use Level of
Knowledge Frequency 'matinee Difficulty Use

Year

OD

IL X 20 at 1;'Z
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STRUCTURES: -
Stress calculations (e.g. F rq)Frame Analysis

using manual methods
using computers
a) via terminal to large installation
b) site small computer
c) desk top programmable calculator
using handbooks
elasticity (stress, strain etc )
statics ti e virtual work)

Design
metal structures, inc. steel
concrete structures
timber
code of practice
safety factors and load factor

0:mei ,ciease specify)
;1**,0

MATERIALS.-
mecrianical Testing
Duality control
Selection & specifications
Metallic
Organic (including timber)
Concrete
Ceramic
Si licate
Road Materials
Rheology
Other (please specify)
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WATER--
Solution of hydraulic problems

from first principles
U ng empirical formulae
using computer packages
using handbooks
using models

Solution of hydrology problems
using raw data & first principles
using standard design procedures
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using computer package
using models
using systems analysis

Hydrostatics
Hydrodynamics
Water engineering
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ENGINEERS OTHER WORK n al 60

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

Use
lLevet ef
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Stress calculations (e.g. F b!)Frame Analysts 1

using manual methodS
using computers
a) via terminal to large installation
b) on site small computer
ct desk inp programmable calculator
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safety factors and load factors
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API ENVIE( TASK ANALYS iliL,STIONNAlliE

- TECHNICAL MATTERS

The frequency of respot,::,e it. given
the below for

ENGINEER,s OTHER WORK

CaCh 0,i the 4.7ell of

nuk

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

SOILS:-
Geological assessment
Field investigations
Laboratory investigations
Foundation design or assessment
Earth structures design (e.g. embankments

dams, road bases)
Mechanics
Engineering
Other kpiease specify)

ditto

CONSTRUCTION:-
Critical Path Methods
Explosives
Grilling

ELECTRICAL ENGINEERING:-
rittr.ork analysis
Euipment specification
Other (please specify)

ditto

MATHEMATICS
Basic algebra, geometry and trigonometry
Calculus
Numerical Methods
Other (please specify)

,title

COMPUTERS
System Analysis
4roting programs
Using programs
Other (please specify)

ditto

EQUIPMENT & PLANT

SURVEYING

Levelling
Setting Out
Traversing
Photogrammetry
Other (please specify)

ditto

llIFUISTRY 4 ENGINEERING

Level of
Knowledge Frequency Importance

Us
Difficulty in

e

Year
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ENGINEERS - OTIIER WORK

"ELEMENTS" OF

CIVIL ENGINEE RING

KNOWLEDGE

...

Level of
Knowledge Frequency Importance
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Geoiogical assessment
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Laboratory investigations
Foundation design or assessment
Earth structures design (e.g. embankments
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APPENDIX 7 TASK ANALYSIS QUESTIONNAIRE

- TECHNICAL MATTERS

The frequency of response is given in each of the cells of
the table below for
TECHNICIANS -DESIGN n 98

Use
Lome, Frequency Importance Difficulty Use Inyear

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE
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TECHNICIANS DESIGN n 9
..w
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Level of

Knowledge Frequency Importance Difficulty e InWyear
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Us ong computers
a) via terminal to large installation
b) on site small cOmputer
c) desk top programmable calculator
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END1X TASK ANAI,YE1' rit

- TECHNICAL MATTES

The frequency of responve
the table below for
TECHNICIANS DE St IG N

"eLBIENTS" Of

CIVIL ENGINEERING

KNOWLEDGE

- .
Geoloywa assessment
Field iswestigations
Laboratory investigations
Foundation design or assessment
Earth structures design (e.g. embankments

dams. road bases)
Mechanics
Engineering
Other (please specify)

ditto

f;ONSTRUc -
Critical Path Methods
Explosives
Drilling

ELECTRICAL ENGINEERING: -
Network analysis
Equipment specification
Other (please specify)

ditto

MATHEIIA TICS
Basic algebra, geometry and trigonometry
Calculus
Numerical Methods
Other (please specify)

ditto

COMPUTERS
System Analysis
writing programs
Using programs
Other (please specify)
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TECHNICIANS DESIGN

..ELEMENTS'' OF

CIVIL ENGINEERING

KPIOWLEOGE

SOILS:-
Geologicdt assessment
Field investigat ons
Laboratory investigations
Foundation design or assessment
Earth structures design (e.g. embankments

dams. road bases)
Mechanics
Engineering
Other (please specify)

ditto

Use

"""""`"""'",1:1-' "

Level el
Vineededce

n 9a
Frequency. Use

Importance Difficulty
eft
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BIOLOGY - ENGINEERING

(e.g. water & sewage. environment, public
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APPENDIX 7 TASK ANALYSIS

The frequency of n.spoast. is 41 v,,r,
the table below for

TECHN 'CIA NS
....

"ELEMENTS" OF

CIVIL ENWNEERING

KNOWLEDGE

STRUCTURES: -
Stress calculations (e-g. F ill)
Frame Analysis

using manual methods
usirm computers
a) yscrterm.nal to large instai union
b) on site small computer
c) desk top programmable caiculatoi
using handbooks
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e worki
Dos' :n
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APPENDIX 7, TASK ANALYST:, V,ii4.1TIONNA1IZE

- TECHNICAL RATTERS
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APPENDIX 8

TASK ANALYSIS QUESTIONNAIRE - TRAINING ANALYSIS

Pages 9 and 10 of the Task Analysis questionnaire were
concerned with training in relation to the specific categories of task
viz. technical, manual, economic, communication, and management.
Analysis of the data generated in answers to specific questions was,
in the first place,.carried out by reference to categorieri of formal
qualifications. Originally there were fourteen categories, shown in
Table A.8.1.1 but these were reduced to eight, shown in Table A.8.2.

TABLE A.8.1.

QUALIFICATION CATEGORIES AND NUMBER OF

RESPONDENTS IN EACH CATEGORY

QUALIFICATION
NUMBER OF

RESPONDENTS

B.E. (Civil) 81

B.Sc. (Civil Engineering) 20

Professional Institute qualification 5

Diploma - civil engineering 37

Local Government certificate 14 ,

Degree - other 13

Diploma - other 5

Structural engineering certificate 21

Drafting certificate 14

Engineering surveying certificate 28

Materials testing certificate 4

Certificate - other 36

No qualification 45

No answer 8

TOTAL 331

P 1
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i 4 It

5) "To what extent is your post-secondary/tertiary training specifically

used in the performance of the category of task?

Please indicate by writing a number selected from the following
4-point scale.

almost
all much

1 2

Very
some little

3 4

Table A.8.3. deals exclusively with data concerned with
technical matters related to the questions one-five, and examined

with reference to the eight categories of qualifications detailed

earlier.

There were numbers of nil answers in this section and we

have therefore included in this table and subsequent tables of this

appendix the percentages for each frequency. This may be of assistance

in spite of the tables appearing were formidable with the extra

figures.

Table A.8.4., deals with manual skills, A.8.5. with economic

matters, A.8.6. with communication matters, and A.8.7. with management

matters, each with respect to questions one to five.



TABLE A.8.3.

y...A1011

TECHNICAL MATTERS

(frequency first, percent age second)

_
QUALIFICATION CATEGORY...,...-

1 2 3 4 5 6 7 8

N 0 P'w 0 0
1 -t 40 4.)

cis as
+4;

In a
N. 0 1 0 t U k 0 i 0
0 Ei Si 0 VI = 'A 0 .14 4e rf
at 0 CD 4.0 cm la 4.4 A 4-0 N.4 4)
k r4 .0 0 41 rt .14 +3 r41 0 r-4 0
bD AO 0 44 +3 . 44 0 0 Z 0 0

ASi*v4 0 k 0 k r k
Cr

A
A 4o k 0 0 C

CO A 0 FBI U 0

1) An-wer 0 2% 3% 0% 6% 11% 5% 0% 11%

1 5y 56 10 27 6 43 4 22 7 20 15 38 10 36 9 17

5' 30 18 49 6 43 10 56 12 34 11 28 11 39 13 25

12 11 8 22 1 7 3 17 11 31 12 29 6 21 14 26

1 1 0 0 1 7 0 0 1 3 0 0 1 4 11 21

smomme

2) Anthwer 0 2 3 0 6 14 3 0

1 5o 47 19 51 9 64 8 44 17 49 25 63 17 61

2 31 29 9 24 4 29 3 17 7 20 10 25 9 32

3 14 13 6 16 1 7 4 22 4 11 3 8 1 4

4 9 9 2 5 0 0 211 2 6 1 3 1 4

3) Answer 0

Full-time 1 b.

Full/part4AA4e2 15

Part-time 3 11

Sandwich 4 7

T.W.I. 5
Short - course 6 3

Correspond. 7 0

Self-learning8
Other 9

1

6 8 0 11 20 15 7

59 11 30 6 43 3 17 3 9 7 18 3 11

14 5 14 3 21 5 28 1 3 6 15- 0 0

10 9 24 1 7 5 28 16 46 12 30 13 46

7 7 19 4 29 3 17 3 9 3 8 6 21

1 2 5 0 0 0 0 3 9 5 13 311
3 0 0 0 0 0 0 2 6 6 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1 .4

0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 0 0 0 0 0 0 0 1 3 0 0

4), Answer 0 53 57 29 44 51 45 50

Degree level 1 47 44 14 38 9 64 8 44 6 17 10 25 6 21

Sub " " 2 5 3 2 5 1 7 2 11 11 31 11 28 8 29

36
8
4
2

6
68
15
8
4

8
7 13
6 11

19 36
3 6

16 21

3 6
0 0
0 0
0 0

64
3 6
16 30

5) AnlAver 0 2 3 0 6 14 5 0

1 26 25 8 22 1 7 4 22 4 11 10 25 6 21

2 44 42 17 46 6 43 950 8 23 14 35 9 32

3 28 26 8 22 5 36 2 11 12 34 12 30 10 36

4 6 6 2 5 2 14 2 11 6 17 2 5 3 11

106

--.- ..4.-......
37 14 18

17
8 15
17 32
10 19

9 17

35 40 28 53

I1 CORRIGENDUM. Due to an error arising from transposition
ne e. 1.t 4 A r. . 4.e In ' TO 4 n 4' AI.} 11 P4 PII TO ' itn . IS



Question M t;0
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4 cI40 44
044k0

0

a
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0 r4 0/A Ou0 44
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....... .... _.............

1) Answer 0 2% 3% 0% 6% 11% 5% 0% 11%

1 59 56 10 27 6 43 4 22 7 20 15 38 10 36 9 17

5: 30 18 49 6 43 10 56 12 34 11 28 11 39 13 25

3 12 11 8 22 1 7 3 17 11 31 12 29 6 21 14 26

4 1 1 0 0 1 7 0 0 1 3 0 0 1 4 11 21

.

2) An4 wer 0 2 3 0 6 14 3 0 6

1 50 47 19 51 9 64 8 44 17 49 25 63 17 61 36 68

2 31 29 9 24 4 29 3 17 7 20 10 25 9 32 8 15

14 13 6 16 1 7 4 22 4 11 3 8 1 4 4 8

4 9 9 2 5 0 0 2 11 2 6 1 3 1 4 2 4

v. ...... . ow.- "a ..

3) Answer 0 6 8 0 11 20 15 7 8

Full-time 1 t- 59 11 30 6 43 3 17 3 9 7 18 3 11 7 13

Full/part-u,e2 15 14 5 14 3 21 5 28 1 3 6 15 0 0 6 11

Part-time 3 11 10 9 24 1 7 5 28 16 46 12 30 13 46 19 36

Sandwich 4 7 7 7 19 4 29 3 17 3 9 3 8 6 21 3 6

T.V.I. 5 1 1 2 5 0 0 0 0 3 9 5 13 3 11 16 21

Short - course 6 3 3 0 0 0 0 0 0 2 6 6 0 0 0 3 6

Correspond. 7 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0

Self-learning8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other 9 1 1 0 0 0 0 0 0 0 0 1 3 0 0 0 0

/.......

4). Answer 0 53 57 29 44 51 45 50 64

Degree level 1 47 44 14 38 9 64 8 44 6 17 10 25 6 21 3 6

Sub " " 2 5 3 2 5 1 7 2 11 11 31 11 28 8 29 16 30

--....

5) Answer 0 2 3 0 6 14 5 0 17

1 26 25 8 22 1 7 4 22 4 11 10 25 6 21 8 15

2 44 42 17 46 6 43 9 50 8 23 14 35 9 32 17 32

3 28 26 8 22 5 36 2 11 12 34 12 50 10 36 10 19

4 6 6 2 5 2 14 2 11 6 17 2 5 3 11 9 17

n 106 37 18 35 40 53

CORRIGENDUM. Due to an error arising from transposition
of columns in a computer print-out, all figures under
columns 6 and 7 should be transposed in Tables A.8.3. -
A.8.15, in Table A.8.22., and Table A.8.23. In Tables
A.8.16., A.8.17., and A.8.24., only the values of 'n' in
columns 6 and 7 should be transposed.

A.8. p.4.



TABLE A.8.4.

MANUAL SKILLS

(frequency first, percent age second)

QUALIFICATION CATEGORY

1 2 3 4 5 6 7

Question i u
W+)

w

Pi

rI
04.0
A

in 44
w

1,:)4
fi 14 4-0

00 illas 0
U

1

111 0 k

tinirqsAA 0

7o 1
0 .r4L44 e

Frii
400=I 0
Ca U

c..

0
CO .14:
i 4 1

tt;
U

w
44
co

.14$q 44

2 41S k
V

I a
4

0
C T 4 II

1) Answer 0 11% 24% 7% 17% 26% 33% 7% 25%
1 16 15 1 3 1 7 0 0 10 29 7 18 10 36 10 19

2 32 30 17 46 6 43 6 33 7 20 12 30 10 36 18 34
3 37 35 6 16 6 43 8 44 8 23 5 13 3 11 5 9

4 9 9 4 11 0 0 1 6 1 3 3 8 3 11 7 13

12) Answer 0 11 24 21 17 23 30 7 19

i 4o 38 14 38 7 50 6 33 18 51 18 45 19 68 31 59

2 21 20 8 22 3 21 5 28 6 17 6 15 6 21 7 13

3 24 23 4 11 1 7 3 17 3 9 4 10 0 0 2 4

4 9 8 2 5 0 0 1 6 0 0 0 0 1 4 3 6

3) Answer 0 14 35 14 17 26 40 18 25

Full-time 1 19 18 1 3 1 7 1 6 0 0 0 0 0 0 2 4

Full/part-time2 3 3 2 5 0 0 3 17 2 6 0 0 1 4 1 2

Part-time 3 25 24 7 19 3 21 3 17 13 37 9 23 12 43 15 28

Sandwich 4 6 6 2 5 3 21 2 11 1 3 2 5 2 7 1 2

T.W.I. 5 28 26 9 24 3 21 5 28 10 29 13 33 7 25 19 36

Short course 6 6 6 2 5 1 7 1 6 0 0 0 0 0 0 1 2

Correspondence7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Self learning 8 3 3 1 3 1 7 0 0 0 0 0 0 1 4 1 2

Other 9 1 1 0 0 0 o 0 0 o o o o o o 0 0

4) Answer 0 66 78 71 78 71 80 71 81

Degree level 1 17 16 3 8 1 7 2 11 1 3 3 8 1 4 0 0

Sub " " 2 19 18 r 14 3 21 2 11 9 26 5 12 7 25 10 19

5) Answer 0 10 27 21 17 23 33 7 30

1 13 12 1 3 0 0 0 0 3 9 3 8 6 21 12 23

2 21 20 9 24 2 14 5 28 10 29 8 20 10 36 11 21

3 40 38 13 35 6 43 6 33 6 17 10 25 8 29 6 11

4 21 20 4 11 3 21 4 22 8 23 6 15 2 7 8 15

a 106 37 14 18 35 28 53



TABLE A.841...

10191121111925911MINE

(frequency first, percent age second)

-----
QUALIFICATION CATEGORY

1 2 Egi 4 5 6 7

Quebtion ;aa
Oa

..)
c4 0

voa

43a 4,

I:.
1 '4 :440 i
313:1o

I

la
h I Li-

Zan

Sa
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I: itpoi+)
2,11

Pp 3P f
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0
41

II
%II
lb.

It r444ito
I a
omo
fe4 lei
el 4.!

oS:sa Vv.
WAND 411111114~NANNMANWANN. .1w...A

1) Answer 0 9% 24% 7% 11% 66% 35% 7% 51%

1 1 1 0 0 0 0 0 0 0 0 2 5 0 0 2 4

2 6 6 4 111700003 8004 8

3 59 56 13 35 6 43 9 50 4 11 '13 32 13 46 7 13

430 28 11 30 6 43 7 39 8 23 8 20 13 46 13 24

.......

2) Answer 0 9 22 7 11 66 32 7 47

1 53 50 13 35 8 57 9 50 , 4 ii 9 23 0 29 15 28

2 32 30 15 41 4 29 3 17 2 6 4 to 4 14 6 11

3 10 9 1 3 1 7 3 17 2 6 8 20 8 29 4 8411000016 4 11 6 15 6 21 3 6

3) Answer 0 14 -,0 7 17 63 45 25 49

Pll-time 1 23 22 2 5 1 7 1 6 i 3 i 3 1 4 2 4

Pull/part-time 2 4 4 0 0 0 0 3 17 o o 1 3 i 4 2 4

Part-time 3 16 15 5 14 4 29 2 11 4 11 5 13 3 11 7 13

Sandwich 4 4 4 2 5 o o 2 11 0 0 1 2 2 7 0 0

T.I.I. 522 21 5 14 5 56 3 17 2 6 7 18 5 18 9 di?

Short COU.A1 6 16 15 12 32 3 21 3 17 3 9 3 7 8 29 6 11

Correspondence 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Self learning 8 5 5 o o o o i 6 3 9 4 10 1 4 i 2

Other 9 1 1 o o o o o o o o o o o o o 0

4) Answer o 70 78 79 67 86 80 82 91

Degree level 1 20 19 4 11 0 0 3 17 0 0 3 8 0 0 1 2

'Sub" " 2 12 11 4 11 3 21 3 17 5 14 5 12 5 18 4 8

5) Answer 0 11 27 14 11 63 35 14 57

1 4 4 1 3 0 0 0 0 0 0 1 2 1 4 5 9

2 8 8 2 5 1 7 o o o o 4 lo o o 1 2

5 29 27 11 30 4 29 4 22 2 6 6 15 3 11 6 11

4 53 50 13 35 7 50 12 67 11 31 15 38 20 71 11 21

A__----...---

a 106 37 14 18 35 0 28 53



TABLE A.8.6.

COMMIINICATION MATTEli6

(frequencj flrut, percent age s,,:cond)

QUALIFICATION CATEGORY

1
2 3 I 4 5 6 7 8

co 0 Las 0 W

44 1/ 1 I
r4 44

111

0 4.1 0
4.1 I

Question es I.Z:
I

a 1

0
4?

r 04

Z44

00 44i Z s 11
.r4 1. 4-4

fr4
.r4 Q

fal 44 004 0 0 4) k r4 0 0 44 43 44 0 .04 r4 0
0 M 0 1110 k OD Cao 4 14 CD k bD 114 = 44 4 4

CE;
4a ,2 cg CI eras +0) at?) Ait St 000

tiZ ante

1) Answer 0 996 19% 7% 17% 40% 25% 7% 47%
1 3 3 1 3 0 0 0 0 0 0 2 5 0 0 0 0

2 9 9 2 5 2 14 1 6 4 11 3 8 7 25 6 11

3 50 47 15 41 5 36 3 17 7 20 17 43 12 43 11 21

4 35 33 12 32 6 43 11 61 10 29 8 20 7 25 11 21

2) Answer 0 9 19 7 17 1 40 23 7 38

1 1 68 64 16 43 7 50 7 39 7 20 11 28 4 14 23 43

2 117 16 12 32 5 36 6 33 4 11 7 18 10 36 8 15

3 8 8 2 5 1 7 1 6 5 14 9 23 4 14 1 2

4 4 4 1 0 0 t 0 0 1 6 5 14 4 10 8 29 1 2

3) Answer 0 15 27 7 d2 37 31;: 21 43

Full-time 1 8 8000000 1 3 0 0 1 4 1 2

Full/Part time2 2 2 0 0 0 0 2 11 0 0 1 3 1 4 2 4

Part-time 3 10 10 4 11 3 21 1 6 3 9 5 13 3 11 5 9

Sandwich 4 4 4 0 0 0 0 1 6 0 0 1 3 2 ? 0 0

T.W.I. 5 28 26 12 32 7 50 3 17 6 17 13 33 5 18 7 13

Short coarse 6 22 21 8 22 3 21 4 22 6 17 4 10 9 32 9 17

Correspondence? 1 1 0 0 0 0 0 0 2 6 0 0 1 4 0 0

Self Learnilig 8 14 13 2 5 0 0 2 11 4 11 3 8 0 0 6 11

Other 9 1 1 1 3 0 0 1 6 0 0 0 0 0 0 0 0

4) Answer 0 71 89 79 72 86 83 75 93

Degree level 1 12 11 0 0 0 0 1 6 0 0 2 5 1 4 0 0

Sub " " 2 19 18 4 11 3 21 4 22 5 14 5 12 6 21 4 7

5) Answer 0 11 22 14 17 37 25 14 51

1 5 5 2 5 0 0 0 0 1 3 1 2 1 4 4 8

2 5 5 2 5 0 0 1 6 4 11 7 18 1 3 4 7

3 28 26 11 30 3 21 3 17 4 11 10 25 12' 43 6 11

4 56 53 114 38 9 64 11 61 13 37 12 30 10 36 12 23

n = 106 37 18 35 40 28 53



TABLE lliat

Question

) Answer

MANAGEMENT/PUBMINgh MATTSEB

(frequency first, percent age second)

QUALIFICATUM CAUGORY

1 2 3 4

ts

co

41k

5

IL
P.

Ca 00 ab A 00

6

134 24% 7% 17% 49% 33% 14% 511

1 3 3 0 0 1 7 0 0 1 3 1 2 0 0 0 0

2 4 4 2 5 o 0 o 0 2 6 4 10 2 7 1 2

3 36 34 8 22 2 14 5 28 3 9 9 22 7 25 7 13

4 49 46 18 49 16 72 10 56 12 34 13 33 15 54 18 34

Answer 0 13 24 7
1 65 61 15 41 8 57
2 15 14 8 22 3 22
3 9 9 4 11 2 14

4 3 3 1 3 o o

.) Answer 0 18 32 7
ull-time 1 13 12 3 8 O o

u11/Part-time2 1 1 0 0 0 0

.rt -time 3 10 9 4 11 1 7

andwich 4 7 7 2 5 1 7

ALI. 5 29 27 8 22 8 58

sort course 6 20 19 7 19 3 21

:orrespondence7 1 1 0 0 0 0

Self Learning 8 5 5 1 3 0 0

Cher 9 1 1 0 0 0 0

) Answer 0 74 87 86

agree level 1 16 15 2 5 1 7

ub n 2 12 11 3 8 1 7

5) Answer

n

1

2

3
4

106 37

17 49 3o 14 45
9 50 10 29 11 28 5 18 18 34

3 17 o o 6 15 2 7 4 8
1 6 3 9 8 20 5 18 1 2

2 11 5 14 3 7 12 43 6 11

28
O 0
2 11

2 11

2 11

1 6
4 22
o o
2 11

O 0

78
2 11

2 11

14 17
0 0 0 0
0 0 0 0
2 14 2 11

10 72 13 72

18

46
i 3
i 3
4 11
1 3
5 14
5 14
O o
i 3
i 3

83
2 6
4 11

46
1 3
o 0
4 11

14 40

35

440 32 51
O 0 0 0 1 2
1 o o 2 4
8 20 3 ii 5 9
1 3 3 11 0 0
lo 25 4 14 9 17

3 8 829 9 17
O 0 0 0 0 0
1 2 1 4 0 0
O 0 0 0 0 0

78 82 89
3 8 1 4 i 2
6 15 4 14 5 9

30 21 53
1 2 0 0 4 8
5 13 o o 2 4
11 28 2 7 2 4
11 27 20 72 17 32

40 28 53



question six, eligntij .'',C.AX,111.0:; the

best way of acquiring the li.noslgo pt,cr *01
sub-categoiel; of task, teehhc:-Ali w'a.a ;4,10 1.) 1,(41.i!1,e
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What is the best way of .quiriNg the ,,tv.1.:46e fo, Llse

performance of thentask7 Please statt, up tc; 3 atizwcx1:,

order of priority.

Tables A.8.8. to A.8.1 pr.mect, the data dealit, u_ttl

six, table A.8.18. now respulideutsf exlciene of wNy:;

acquiring knowledge, and tables A.8.(). - A.8,1?. with the oct:hintr.td

ways of acquiring knowledge.

TABLE A.8.8.
EXPERIENCE OF WAY3 L(AOWLEDGE

1

4. AVM. IMIINI441. Wow., 444 ww ..4.44 .
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TABLE A.8.9.

AY3 0 f..12SY.HING r.1g0 1111..i.DGE FOR PERFORMANCE OF TASK

(3 IN ORDER OF PRIORITY)

1

Acqulrin.z
lac of

*tKnow1P4v

No answer

Live Ivcture

TutoriII

Audio/vlsuai
methods

IA. project

Group Frojec

DemonzLratioh

Prac.ifield
work

Sinul.igames

On jot instruc

Proc. job
experience

TECHNICAL MATTERS

+.P

....IN.......O.MIMI. ....M....

QUALIFICATION CATEGORY

1 3 4 5 6

6.0.13. 2.3. 0.0.0. 2.2.3. 5.5.9. 5.6.7. 2.2.5.

70.9.21. 24.1. 10.2.1. 14.1.0. 15.2.2. 19.2.2. 13.3.2.

.12.40.5. 4.11. 2.3.1. 1.9.1. 0.6.1. 4.5.1. 3.4.1.

1.3.6. 0.0. 0.1.0. 0.0.0. 0.2.0. 0.3.1. 2.0.1.

2.15.19. 1.3. 0.1.2. 1.0.1. 0.2.3. 0.2.3. 1.5.1.

1.5.13. 1.2. 0.1.0. 0.2.1. 1.1.0. 0.1.1. 0.0.0.

2.5.8. 0.5. 0.3.2. 0.2.3. 0.0.1. 3.4.1. 0.2.2.

3.0.11. 1.1. 1.P.7. 0.0.2. 4.4.6. 5.6.4. 1.3.4.

0.0.0. 0.1. '0.0.1. 0.0.0. 0.0.1. 0.0.0. 0.0.0.

1.8.5. 2.3. 0.1.2. 0.1.2. 3.8.4. 1.7.6. 1.7.6.

8.8.21. 2.7. 1.0.3. 0.1.5. 7.5.8. 3.4.14. 5.2.6.

-

106 ;7 14 18 35 28
..-wwWww/1

411.1.11

8

6.7.12.

17.6.4,

4.8.2.

2.3.0.

0.2.3.

2.1.0.

2.10.7.

1.0.0.

8.6.10.

53

TABLE A.8.1.10.

NAYS OF ACQUIRING KNOWLEDGE FOR PERFORMANCE OF TASK

(3 IN ORDER OF PRIORITY)

MANUAL SKILLS

^ ..^-.110.M.
QUALIFICATION CATEGORY

ay of
Accp...ring

Knowledge

11116.....m.

1 2 3 4 5 6

0

40, 4, r-1 4.1
O 4
N
O wi

.114

a 40
4aO 4/4

4 So

CZ)
4

SS 0
11-1 911

r4 Ws
110 w4

40
01 0a 0

As
40

4,

7

No answer

Live lecture

Tutorial

Aod/wizua:

Ind. project

Group project

15.25.33

14.2.5.

8.6.2.

P.5.0.

3.2.6.

0.2.9.

7n 4°7 A

11.14.
6.2.
3.1.
2.0.

0.0.

0.0.

IL 1

2.3.3.
1 1 .0
Oar .0.

1.0.0.
1 1 .0
1.1.1.

A I .1

3.3.3.

1.2.1.

1.0.0.

0.1.0.

0.0.1.

A

9.12.14.
5.3.3.
1.1.1.
1.0.1.
0.2.1.

0.1.0.

16.17.19

8.0.1.

1.2.0.

1.1.1.

0.1.0.

0.1.0.

2.1.2.

5.7.8. 13.18.24.

7.1.0. 6.5.2.

3.2.1. 4.2.0.

1.1 1. 1.0.1.

0.2.3. 1.3.0.

0.0.2. 1.0.1.

1.1.1. S.A.1.



II

1

--Acquiring
Knowledge

No answer

Live lecture

Tutorial

Audio/vizu.Al
methods

projezt

Group projec

Demonstracioa

Prem./field
ork

Simul./games

On joL instru.:

Prac. job
experience

,6,946i.A!104kei.k.11,

4 6 7

1.3.6. 0.0.

3.6.11.

0.0.0.

1.8.5.

8.8.21.

0....IMV..............=116101=Or

106

1.3.

1.2.

0.5.

0.1.
2.3.

2.7.

0.0.0.

10.2.1.

2.3.1.

2.2.3.

14.1.0.

1.9.1.

5.5.9.

15.2.2.
0.6.1.

0.1.0. 0.0.0. 0.2.0.

0.1.2. 1.0.1. 0.2.3.

0.1.0. 0.2.1. 1.1.0.

0.3.2. 0.2.3. 0.0.1.

1.2.2. 0.0.2. 4.4.6.

0.0.1. 0.0.0. 0.0.1.

0.1.2. 0.1.2. 3.8.4.

1.0.3. 0.1.5. 7.5.8.

5.6.7.

19.2.2.

4.5.1.

0.3.1.

0.2.3.

0.1.1.

3.4.1.

5.6.4.

0.0.0.

1.7.6.

3.4.14.

2.2.5.

13.3.2.

2.0.1.

1.5.1.

0.0.0.

0.2.2.

1.3.4.

0.0.0.

1.7.6.

5.2.6.

6.7.12.
7.6.4.

4.8.2.

2.3.0.

0.2.3.

2.1.0.

4.6.4.

2.10.7.

1.0.0.

7.4.11.

8.6.10.

14 18 35 40 t 28 53

TABLE A.8.1.10.

WAYS OF AC UIRING KNOWLEDGE FOR PERFORMANCE OF TASK

(3 IN ORDER OF PRIORITY)

MANUAL SKILLS

Vmmi.
QUALIFICATION CATEGORY

2 3 4 5 6 7 8

Way of
Accit.lriag
Knowledge

V

.WU
ID

0

o
a

43

0 0
,4 1pgik.
Oh.r4
04.4)
40000

a
'Skid
01.
4.-4

.

WAA
Qat,

0
r-0
11
16 0
40
0 1,4

0
tk. t.
40M a 0

43
13. gePro

m4
44
m44)

4)
4

444Ow
.12,4

6 i.

1
0

..4511

0440 =0
M040

r
No answer 15.25.33. 11.14. 2.3.3. 3.3.3. 9.1204 16.17.19 5.7.8. 13.18.24.

Live lee tore 14.2.5. 6,2. 1.1.0. 8.1.0. 5.3.3. 8.0.1. 7.1.0.

Tutorial 8.6.2. 3.1. 1.2.1. 1.1.1. 1.2.0. 3.2.1. 4.2.0.

And/visual 1.5.0. 2.0. 1.0.0. 1.0.0. 1.0.1. 1.10. 1.10. 1.0.1.

Ind. project 3.2.6. 0.0. 1.1.0. 0.1.0, 0.2.1. 0.1.0. 0.2.3. 1.3.0.

Group project 0.2.9. 0.0. 1.10. 0.0.1. 0.1.0. 0.1.0. 0.0.2. 1.0.1.

Demonstration 20.17.8. 3.7. 1.5.2. 0.0.2. 2.1.2. 1.1.1. 5.3.3.
Pract/field 425.17.12. 5.4. 4.2.1. 1.0.6. 2.4.5. 4.9.3. 4.5.1. 5.5.6.

Sinnl./gamea 0,0.0. 0.0. 0.0.0. 0.0.0. 3.0.0. 0.0.0. 0.0.0. 0.0.0.

On job iastruc 6.12.11. 4.5. 0.4.2. 1.3.1. 4.6.5. 5.6.4. 0.9.5. 4.10.6.

Prect. job ex. 13.18.20. 3.4. 1.1.6. 2.3.4. .6.3. 3.2.10. 7.0.6. 13.7.10.

106 37 14 18 35

,.011

40 28 53

A.8. p.10



TABLE A.8.1.11.

ECONOMIC/FINANCIAL MATTERS

(3 CHOICES IN ORDER OF PRIORITY)

Way of
Acquiring
Knowledge

QUALIFICATION CATEGORY

1 2 3

No answer

Live lecture

Tutorial

Aud/visual

Ind. project

Group project

Demonstration

Prac/field wk.

Simul. games

On job instruc

Pract. job. ex

66.25.33.

41.5.6.

10.20.6.

0.2.3.

4.8.9.

3.6.5.

1.0.2.

0.4.7.

2.5.5.

13,17.4.

15.14.26.

11.15.

12.3.

4.3.

0.0.

3.1.

1.2.

0.2.

0.2.

1.1.

1.7.

4.1.

1.2.2.

6.0.1.

0.2.0.

1.0.0.

1.2.0.

1.1.0.

0.0.0.

0.1.3.

1.0.1.

2.5.2.

1.1.5.

4 5

2.2.4. 24.23.25.

12.0.1.

3.8.0.

0.1.0.

0.2.2.

0.0.1.

0.0.0.

0.0.0.

0.0.2.

0.3.1.

1.2.7.

0.2.2.

0.1.1.

2.1.0.

1.1.1.

0.1.0.

0.3.2.

0.0.0.

3.1.2.

0.1.3.

6 7 8

18.19.22 7.10.11 9.32.37

10.0.2. 10.0.0. 10.2.1.

1.5.0. 3.5.1. 4.5.0.

0.2.0. 0.1.0. 0.0.0.

1.3.3. 1.2.2. 2.3.0.

1.0.2. 0.1.1. 0.2.0.

0.1.0. 0.1.0. 0.1.0.

3.2.1. 1.1.3. 1.0.3.

0.2.1. 0.1.0. 1.0.0.

2.4.7. 2.3.5. 2.4.4.

4.2.2. 4.3.5. 4.4.8.

106 37 35 40 28 53

TABLE A.8.1.12.

COMMUNICATION MATTERS

(3 CHOICES IN ORDER OF PRIORITY)

1 2

QUALIFICATION CATEGORY

3 4 5 6 7

Way of
Acquiring
Knowledge

No lnswer 16.29.48.

Live lecture 17.4.6.

Tutorial 10.6.3.

Aud./visual 3.8.2.

Ind. project 3.6.3.

Group project 5.4.10.

Demonstration 2.0.3.

;Pract/field wk 3.9.4.

Simul. games. 3.5.1.

On job instr. 12.19.6.

O ,
-1-2 +) r4 44

1:11 al 0 00 0 I. 0
08 2 i',1

N.
G, e

o r-1 14 -1-1 0 0 Is U 4.1 .r1
1-4 0 0 +, k el 0 0 4- 44
ta I., P. rI tip 1:31 .41 $4 0 k

.1-4 0 94 4-1 +I 14 0
A A 0 0 A CI 0 Cr! A 0

10.14. 1.2.2. 3.3.6.

12.1. 4.0.0. 8.1.2.

3.2. 1.1.0. 1.2.1.

3.1. 0.1.1. 0.2.0.

0.2. 0.1.1. 0.0.1.

3.1. 1.2.1. 1.1.0.

0.2. 0.0.1. 0.0.0.

0.1. 1.2.3. 0.1.0.

1.1. 1.0.1, 0.1.1.

1.8. 3.2.1. 1.4.1.

15.19.23.

3.2.2.

3.2.1.

1.2.1.

2.3.0.

0.1.0.

0.0.0.

0.0.2.

0.0.2.

4.2.1.

Plo 0
O 4.3
to, 0

4,
0k

rei

13.15.17

14.0.1.

2.3.0.

1.2.0.

0.1.3.

2.2.0.

0.2.0.

2.7.1.

0.2.2.

3.3.5.

w
w I0 0
O o
o ..4

k ,I1 44

.01 4, 1 g0 .1-I

44 k = 0 4-1o 0 0' 46

5.7.11 24.30.37

14.1.0. 6.1.2.

3.2.3. 6.0.0.

2.1.1. 1.2.0.

0.3.1. 0.2.0.

1.2.1. 1.1.0.

0.1.0. 0.2.1.

0.1.1. 2.1.2.

0.0.0. 0.0.0.

0.4.1. 3.7.4.



No answer 66.25.33. 11.15. 1.2.2. 2.2.4. 22.23.23. 18.19.22 7.10.11 9.32.37

Live lecture 41.5.6. 12.3. 6.0.1. 12.0.1. 7.1.1. 10.0.2. 10.0.0. 10.2.1.

Tutorial 10.20.6. 4.3. 0.2.0. 3.8.0. 0.2.2. 1.5.0. 3.5.1. 4.5.0.

Aud/visual 0.2.3. 0.0. 1.0.0. 0.1.0. 0.1.1. 0.2.0. 0.1.0. 0.0.0.

Ind. project 4.8.9. 3.1. 1.2.0. 0.2.2. 2.1.0. 1.3.3. 1.2.2. 2.3.0.

Group project 3.6.5. 1.2. 1.1.0. 0.0.1. 1.1.1. 1.0.2. 0.1.1. 0.2.0.

Demonstration 1.0.2. 0.2. 0.0.0. 0.0.0. 0.1.0. 0.1.0. 0.1.0. 0.1.0.

Prac/field wk. 0.4.7. 0.2. 0.1.3. 0.0.0. 0.3.2. 3.2.1 1 1.3 . 1.0.3.

Simul. games 2.5.5. 1.1. 1.0.1. 0.0.2. 0.0.0. 0.2.1. 0.1.0. 1.0.0.

On job instruc 13.17.4. 1.7. 2.5.2. 0.5.1. 3.1.2. 2.4.7. 2.3.5. 2.4.4.

Pract. job. ex 15.14.26. 4.1. 1.1.5. 1.2.7. 0.1.3. 4.2.2. 4.3.5. 4.4.8.

n = 106 37 14 18 35 40 28 53

TABLE A.8.1.12.

COMMUNICATION MATTERS

(3 CHOICES IN ORDER OF PRIORITY)

QUALIFICATION CATEGORY
.

1 2

,

3 4 5 6 7

,

8

Way of
Acquiring
Knowledge
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0
0
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00
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r4
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No answer

',lye lecture

Tutorial

Aud./visual

Ind. project

Group project

Demonstration

Pract/field wk

Simul. games

On job instr.

Prac. job. ex.

*
16.29.48.

17.4.6.

10.6.3.

3.8.2.

3.6.3.

5.4.10.

2.0.3.

3.9.4.

3.5.1.

12.19.6.

32.16.20.

10.14.

12.1.

3.2.

3.1.

0.2.

3.1.

0.2.

0.1.

1.1.

1.8.

4.4.

1.2.2.

4.0.0.

1.1.0.

0.1.1.

0.1.1.

1.2.1.

0.0.1.

1.2.3.

1.0.1.

3.2.1.

2.3.3.

3.3.6.

8.1.2.

1.2.1.

0.2.0.

0.0.1.

1.1.0.

0.0.0.

0.1.0.

0.1.1.

1.4.1.

4.3.6.

15.19.23.

3.2.2.

3.2.1.

1.2.1.

2.3.0.

0.1.0.

0.0.0.

0.0.2.

0.0.2.

4.2.1.

7.4.3.

13.15.17

14.0.1.

2.3.0.

1.2.0.

0.1.3.

2.2.0.

0.2.0.

2.7.1.

0.2.2.

3.3.5.

3.3.11.

5.7.11

14.1.0.

3.2.3.

2.1.1.

0.3.1.

1.2.1.

0.1.0.

0.1.1.

0.0.0.

0.4.1.

3.6.9.

24.30.37

6.1.2.

6.0.0.

1.2.0.

0.2.0.

1.1.0.

0.2.1.

2.1.2.

0.0 0_...,...

3.7.4.

10.7. ?.

21 7.. 106 37 14 18 35 40 28 53
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TABLE A.8.1.13.
NANAGEHENT/PERSONREL NATTERS

(3 CHOICES IN ORDER OF PRIORITY)

Way of
Acquiring
Knowledge

QUALIFICATION CATEGORY

1

No answer 20.30.43.

Live lecture 21.9.4.

Tutorial 10.5.4.

And/usual 3.2.2.

Ind. project 0.6.3.

Group project 4.5.11.

Demonstration 0.0.1.

Prue/field wk 4.6.7.

Sinai. games 6.8.7.

On job instr. 9.15.6.

Pract. jut,. ez.29.20.18.

2 I

9.0.

4.2.

0.2.

2.1.

2.1.

0.1.

2.1.

0.2.

2.6.

3.6.

a = I 106 I 37

3 4 5 6 7 8

1.2.2.

5.0.0.

0.0.0.

0.0.0.

0.2.0.

1.3.0.

0.0.1.

0.1.5.

3.0.1.

2.4.1.

2.2.4.

3.3.4.

8.2.2.

1.2.2.

0.1.0.

0.0.0.

0.1.0.

0.0.0.

1.2.0.

1.0.2.

1.3.1.

3.4.7.

17.19.22.

7.1.1.

1.3.1.

0.3.1.

2.0.0.

0.1.1.

0.0.0.

2.1.2.

0.1.1.

1.3.3.

5.3.3.

15.15.16

14.0.1.

3.4.0.

0.1.0.

0.1.4.

1.3.1.

0.1.0.

3.4.1.

0.4.4.

1.5.4.

3.2.9.

10.12.1426.33.40

11.0.0. 10.3.1.

2.3.3. 4.0.0.

0.1.1. 0.2.0.

0.2.1. 1.1.0.

2.3.1. 0.2.0.

0.1.0. 0.1.0.

0.1.1. 0.2.2.

1.0.0. 1.1.0.

0.2.1. 2.2.4.

2.3.9. 9.6.6.

14 18 35 40 28

Tae last question, No. 7 in this section attempted to deal with
generality versus specificity in the tertiary training of respondents.
It read:

7) "How do you view your post- secondary /tertiary training? Please
indicate by ringing one of the numbers on each of the following
5-point scales.

a) 1 2 3 5

too few general
principles of civ.eng.

b) 1

111

2

about
right

3

too many general
principles of civ.eng.

4 5
#

too little detailed
factual subject content

re civ.eng.

c) 1 2

about
right

3

too such detailed
factual subject content
re civ.eng.

4 5

too little "general
engineering education"

about
right

These results are given in Table .8.14.
P. ta

53

too such "general
engineering education!

11.



TABLE A.8.14.

QUALIFICATION CATEGORY

1 2 3 4 5

N. e 17:10
r4 4.4
41 0
0 .r1
4.4 44 cro
0 Cm ri0 0 4
t:tairci;
CO 0

0
P
0
CO

NF810

6

0
.0
0
r1
Coq

vi
44

0
0

.r4$4 Cm
r4

. 44
0

i
0

41
44 0
n.40
r-I r4
Ez

Question I;la
a

Es U
44

0; 44

03
s
0

r4
0,
.ri
IQ

4., 0
la 4.,
0 Cd

.,'
r-4 $4 co4
cd 0 1-4
0 06 44

F2St;
V

i

ill
0 0 rho
$4 r-I 0
de A A
Alas%

7a) Answer 0 3% 3% 0% 6% 9% 13% 0% 28%
1 8 8 2 5 0 0 1 6 6 17 6 15 7 25 11 21

2 23 22 7 19 6 43 6 33 14 40 6 15 6 21 9 17

3:64 60 25 68 7 50 8 44 8 23 18 45 12 43 11 21

4 8 8 2 5 1 7 2 11 3 9 3 8 3 11 7 13

5 0 0 0 0 0 0 0 0 1 3 2 5 0 0 0 0

7b) Answer 0 4 0 0 6 9 13 0 28
1 15 14 5 14 0 0 2 6 8 23 7 18 6 25 11 21

2 27 26 6 16 9 64 6 33 7 20 9 23 9 21 12 17

3 38 36 22 60 3 21 5 28 16 46 15 38 9 43 11 21

4 18 17 3 8 2 14 4 22 1 3 1 3 2 11 4 13
5 4 4 1 2 0 0 0 0 0 0 2 5 1 0 0 0

I

7c) Answer 0 6 0 0 6 6 10 4 28
1 11 10 9 24 2 14 2 11 10 29 7 18 11 39 10 19

2 40 38 8 22 8 57 4 22 10 29 12 30 9 32 12 23
3 33 31 16 43 4 29 9 50 9 26 15 38 5 18 9 17

4 14 13 2 5 0 0 1 6 3 9 1 3 2 7 4 8

5 21 2 2 5 0 0 1 6 1 3 1 3 0 0 3 6

n = 106 37 14 18 35 40 28 53

Page 11 of the questionnaire contained a number of open-ended
questions mainly concerned with deficiencies in training. In the next
few pages of this appendix these questions are dealt with in turn,
by first repeating the questions and then giving the data gathered from

the replies.

Questions 1 and 2 were related and were:

1) "Did you enjoy your post - secondary /tertiary education program
overall? Yes or No. If not, why?"

2) "What did you like most about your poet secondary/tertiary education
program?"

The data have been combined in table A.8.15. The reasons
for "not liking", and the aspects of tertiary training "most liked"
were numerous, but they grouped together fairly readily into the types
of answer shown in the table. Some of these could be further
grouped together without difficulty but they have been left as they

were orixinallY in the editing of the rennet,.
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7a) Answer 0 3% 3% 0% 6% 9% 13% 0% 28%
1 8 8 2 5 0 0 1 6 6 17 6 15 7 25 11 21

2 23 22 7 19 6 43 6 33 14 40 6 15 6 21 9 17

3 64 60 25 68 7 50 8 44 8 23 18 45 12 43 11 21

4 8 8 2 5 1 7 2 11 3 9 3 8 3 11 7 13

5 0 0 0 0 0 0 0 0 1 3 2 5 0 0 0 0

7b) Answer 0 4 0 0 6 9 13 0 28
1 15 14 5 14 0 0 2 6 8 23 7 18 6 25 11 21

2 27 26 6 16 9 64 6 33 7 20 9 23 9 21 12 17

3 38 36 22 60 3 21 5 28 16 46 15 38 9 43 11 21

4 18 17 3 8 2 14 4 22 1 3 1 3 2 11 4 13
5 4 4 1 2 0 0 0 0 0 0 2 5 1 0 0 0

7c) Answer 0 6 0 0 6 6 10 If 28
1 11 10 9 24 2 14 2 11 10 29 7 18 11 39 10 19

2 40 38 8 22 8 57 4 22 10 29 12 30 9 32 12 23
3 33 31 16 43 4 29 9 50 9 26 15 38 5 18 9 17

4 14 13 2 5 0 0 1 6 3 9 1 3 2 7 4 8

5 21 2 2 5 0 0 1 6 1 3 1 3 0 0 3 6

u = 106 37 14 18 35 40 28 53

Page 11 of the questionnaire contained a number of open -ended
questions mainly concerned with deficiencies in training. In the next
few pages of this appendix these questions are dealt with in turn,
by first repeating the questions and then giving the data gathered from

the replies.

Questions 1 and 2 were related and were:

1) "Did you enjoy your post-secondary/tertiary education program
overall? Yes or No. If not, why?"

2) "What did you like most about your post secondary/tertiary education
program?"

The data have been combined in table A.8.15. The reasons
for "not liking", and the aspects of tertiary training "most liked"
were numerous, but they grouped together fairly readily into the types
of answer shown in the table. Some of these could be further
grouped together without difficulty but they have been left as they
were originally. in the editing of the replies.

A.8. p.13.
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TERTIARY EDUCATION PROGRAM OVERALL

QUALIFICATION CATEGORY
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Did you enjoy your Yea 69% 79% 72% 61% 57% 75% 64% 38%
tertiary education Yea/No 4 0 0 0 0 3 0 0
programs No 20 16 14 28 29 13 36 26
overall. No Answer 7 5 14 11 11 10 0 36

Reasons for not
liking

uninter- content 3% 22% 0% 38% 25% 29% 17% 22%
eating presentation 14 0 0 12 20 0 11 16
personal couditions 23 33 100 12 25 14 38 16
institution facilities 3 0 0 o 12 0 0 6
presiure 9 22 0 0 0 0 0 0
difficulties of course 3 22 0 12 12 14 0 0
disjointed, no integration 9 0 0 0 0 o 11 12
course structure 31 0 0 26 0 29 17 16
inadequate teaching methods 6 0 0 0 6 14 6 12

...------

number of subjects 25 7 2 4 10 5 10 9
number of responses 35 9 1 8 16 7 18 18

Most liked aspects

theoretical content 11% 15% 22% 13% 25% 9% 6% 16%
practical work " 21 31 22 18 38 23 9 29
presentation 2 8 0 6 2 9 13 4
course structure 12 10 0 13 7 16 22 16
advance of knowledge 16 15 11 13 20 16 22 10
sense of achievement 6 3 11 6 0 9 9 0
way of life 11 5 22 0 2 0 6 4
freedom of thought 8 0 11 13 0 0 0 o
application to job 10 13 0 18 0 9 13 16
nothing 2 0 0 0 6 9 o 4

number of subjects 89 32 8 11 32 28 25 23
number of responses 05 39 9 16 38 32 31 31

Questions 3, 4, 5 and 6 were related and were:

3) "With relation to the problems you meet and the types of work you
have to do today, have any major deficiencies in your poet-
secondary/tertiary training become apparent? If so, what are they?"

,4) "What topics of value in carrying out your work were omitted from
your post-secondary/tertiary training?"
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Did you enjoy your Yes 69% 79% 72% 61% 57% 75% 64% 38%
tertiary education Yes/No 4 0 0 0 0 3 0 0
programs No 20 16 14 28 29 13 36 26
overall. No Answer 7 5 14 11 11 10 0 36

................. ..

Reasons for not
liking

uninterl content 3% 22% 0% 38% 25% 29% 17% 22%
eating presentation 14 0 0 12 20 0 11 16
personal conditions 23 33 100 12 25 14 38 16
institution facilities 3 0 0 0 12 0 0 6
pressure 9 22 0 0 0 0 0 0
difficulties of course 3 22 0 12 12 14 0 0
disjointed, no integration 9 0 0 0 0 0 11 12
course structure 31 0 0 26 0 29 17 16
inadequate teaching methods 6 0 0 0 6 14 6 12

number of subjects 25 7 2 4 10 5 10 9
number of responses 35 9 1 8 16 7 18 18

Most liked aspects

theoretical content 11% 15% 22% 13% 25% 9% 6% 16%
practical work " 21 31 22 18 38 23 9 29
presentation 2 8 0 6 2 9 13 4
course structure 12 10 0 13 7 16 22 16
advance of knowledge 16 15 11 13 20 16 22 10
sense of achievement 6 3 11 6 0 9 9 0
way of life 11 5 22 0 2 0 6 4

freedom of thought 8 0 11 13 0 0 0 0
application to job 10 13 0 18 0 9 13 16

nothing 2 0 0 0 6 9 0 4

number of subjects 89 32 8 11 32 28 25 23
number of responses 105 39 9 16 38 32 31 31

Questions 3, 4, 5 and 6 were related and were:

3) "With relation to the problems you meet and the types of work you
have to do today, have any major deficiencies in your post-
secondary/tertiary training become apparent? If so, what are they?"

4) "What topics of value in carrying out your work were omitted from
your post-secondary/tertiary training?"

5) "With relation to your work as it affects the community generally,
what topics do you think you should have stuided, or skills you
should have acquired?"

A.8 p.14



6) "What topics or skills have you had to acquire without formal
courses?"

In view of the wide spread of answers to questions 3, 4, 5
and 6, and in view of the similar nature of the four questions, they
were all concerned with deficiencies in training, it was decided.to
examine the answers to the four questions together. Whilst this did
not reduce the spread of answers it did facilitate the study of the
data. Not unexpectedly, a small umber of the answers occurred
repeatedly. In some cases it was possible to group answers and so
reduce the list to a few pre-dominant items.

These pre-dominant items are listed in table A 8 16_.
approximately in rank order, for each of the qualification categories.
It is surprising that just slightly less than one thousand responses
over these four questions reduced to seven pre-dominant items.
The table contains thirteen items in order to show how the list
tails off.
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DEFICIENCIES IN TRAINING
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a = 106 37 14 18 35 40 28 53
,..mommilt

Total no. of responses ,383 121 57 73 66 88 9? 111
from no. of subjects 99 35 12 12 27 25 24 41
Ratio responses:subjects3.9 3.5 4.8 6.1 2.4 3.5 4.0 2.7

Management/personnel
No. of items grouped 7 3 3 1 7 3 7 4
All responses in group 78 26 11 10 12 11 20 9
Ratio responses:subjects7.8 7.4 9.2 8.3 4.4 5.5 8.3 2.2

1 Economic/financial
No. of items grouped 6 5 3 2 . 3 2 he

All responses in group 69 19 9 9 - 11 7 5
Ratio responses:subjects6.9 5.4 7.5 7.5 - 5.5 3.1 1.2

Communication
- No. of items grouped 7 5 3 2 - - 5 5
'All responses in group 46 8 9 4 - - 9 6
Ratio responses:subjects4.6 2.3 7.5 3.3 - - 3.8 1.5

Lack of practical work
All responses 23 8 - 6 3 5 - 5
Responses:subjects 2.3 2.3 - 5.0 1.1 2.0 . 1.2

Public relations
All responses 18 11 4 - 4 5 7 5
Responses:subjects 1.8 3.1 3.3 . 1.5 2.0 3.1 1.2

Computers
All responses 13 6 - 4 - 5 - -
Responses:subjects 1.3 1.7 - 3.3 - 2.0 . -

Environment ideas
All responses 13 - 3 4 - - 5 .
Responses:subjects 1.3 - 2.5 3.3 - - 2.1 .

Design'. general
All responses - - - 4 6 5 5 8
Responses:subjects . . - 3.3 2.2 2.0 2.1 2.0

Construction - general
All responses - - 5 - 3 - - 5
Responses:subjects - - 4.2 - 1.1 - - 1.2

.............---.......... -

A.N. 12. 4.
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asked

"What are the criteria of success in your job
as you see them?"

ln Che test place answers were examined according to qualification
categories, and frequencies for the various types of answer are
given below.

TABLE AlLa CRITERIA OF SUCCESS
(Frequency of Answers)

QUALIFICATION CATEGORY
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n = 106 37 14 18 35 40 28 53

No. of responses 194 52 26 30 49 40 49 74 514
...,-------.--..-.---.

Honesty/integrity 1 1 2 0 1 0 2 f 2 9
Initiative /drive 7 2 0 2 0 1 3 5 20
Peracnal relationbhips/

diplomacy 21 2 1 0 0 0 7 1 30
Reliability 2 0 0 0 0 0 2 2 6
Commonsense 5 2 1 0 2 0 3 3 16
Opportunitles 1 0 0 0 0 0 0 0 1

Selling the client 5 1 0 1 0 0 0 0 7
Minimum complaints 1 1 0 1 0 1 2 0 6
Seniority le 0 0 0 3 5 1 3 16
.Conformity/submission to

authority 2 2 0 1 1 0 0 1 7
Public re1Ations 3 3 4 4 2 1 2 3 22
Flexibility 1 2 1 0 0 2 0 3 9
Responsibility 7 0 0 1 0 0 0 0 8
Leadership 1 0 0 1 0 0 0 2 4
Efficiency/competency-

technical 34 8 4 5 15 7 7 15 95
Efiiclency/competency -

speed 12 2 1 0 6 3 4 8 36
Efficiency/competency -

financial 12 3 1 3 0 2 2 3 26
Dedication/hard work 1 4 2 0 2 2 2 3 16
Experience 4 2 0 1 4 3 2 3 19
Original thought/

creativity 6 0 0 0 1 0 0 1 8
Good management 14 5 4 1 1 1 0 2 28
Knowledge/qualifications 15 5 3 2 7 6 5 9 52
.Decision making 7 2 0 0 1 2 5 1 18
Communication 6 0 2 1 2 3 0 0 14
Completion of work/

productivity 22 5 0 6 1 1 2 4 41



TABLE CRITERIA OF SUCCESS
(Frequency of Answers)
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n = 106 37 14 18 35 40 28 53

No. of responses 194 52 26 30 49 40 49 74 514
----..........__

Honesty/integrity 1 1 2 0 1 0 2 2 9.
Initiative/drive 7 2 0 2 0 1 3 5 20
Personal relationbhips/

diplomacy 21 2 1 0 0 0 5 1 30
Reliability 2 0 0 0 0 0 2 2 6

Commonsense 5 2 1 0 2 0 3 3 16

0pportunitle6 1 0 0 0 0 0 0 0 1

Selling the client 5 1 0 1 0 0 0 0 7
Minimum complaints 1 1 0 1 0 1 2 0 6

Seniority 4 0 0 0 3 5 1 3 16

Conformity/submission to
authority 2 2 0 1 1 0 0 1 7

Public re.lations 3 3 4 4 2 1 2 3 22
Flexibility 1 2 1 0 0 2 0 3 9
ResponsiLility 7 0 0 1 0 0 0 0 8
Leadership 1 0 0 1 0 0 0 2 4

V.fficiency/competency -
technical 34 8 4 5 15 7 7 15 95

EffIc..ency/competency -
speed 12 2 1 0 6 3 4 8 36

EfficienWcompetency -
financial 12 3 1 3 0 2 2 3 26

Dedication/hard work 1 4 2 0 2 2 2 3 16

1.xperience 4 2 0 1 4 3 .2 3 19
Original thought/

creativity 6 0 0 0 1 J 0 1 8

Good mnagement 14 5 4 1 1 1 0 2 28
Knowledge/qualifications 15 5 3 2 7 6 5 9 52
Decision making 7 2 0 0 1 2 5 1 18

Communication 6 0 2 1 2 3 0 0 14
Completion of work/

productivity 22 5 0 6 1 1 2 4 41
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Answers were next examined according to level of employment and

type of work. Frequencies for the various types of answer follow:

TABLE rt.8. 18. CRITERIA OF SUCCESS
(Frequency of Answer)
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No. of responses 110 156 68 132 18 22 506

Honesty/integrity 1 3 0 3 0 2 9

Initiative/drive 2 4 3 4 2 2 17

Personal relationships/
diplomacy 11 11 5 1 0 1 29

Reliability 2 2 0 3 0 1 8

Commonsense 6 3 0 2 1 0 12

Opportunities 1 0 0 1 0 0 2

Selling the client 3 3 2 0 0 0 8

Minimum complaints 1 2 0 11 1 1 16

Seniority 2 0 0 2 1 1 6

Conformity/submission to
authority 0 3 1 2 0 0 6

Public relations 5 7 3 3 0 2 20

Flexibility 1 2 1 4 0 1 9

Responsibility 4 3 1 0 0 0 8

Leadership 0 0 1 1 1 1 4

Efficiency/competency -
technical 23 21 16 29 2 2 93

Efficiency/competency -
speed 1 13 5 16 1 0 36

Efficiency/competency -
financial 3 16 0 3 1 0 23

Dedication/hard work 1 8 2 6 1 1 19

Experience 5 5 0 6 2 1 19

Original thought/
creativity 3 1 2 2 0 0 8

Good management 5 14 5 2 0 2 28

Knowledge/qualifications 13 10 7 17 2 3 52

Decision making 4 6 4 4 1 0 19

Communication 4 1 4 4 0 1 14

Completion of work/
productivity 9 18 6 2 0 41
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Answers to the question dealing with "criteria of success" were
next examined according to level of employment and age of
respondent. Frequencies for the various types of answer are
given in the following Table A.8.19

MELEJIAL12. CRITERIA OF SUCCESS
Frequency of Answer)
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No. of responses 137 99 102 115 35 22 510

Honesty/integrity 1 1 2 3 0 0 7
Initiative/drive 5 3 1 3 3 3 18

Personal relationships/
diplomacy 11 7 9 0 1 1 29

Reliability 2 0 2 2 0 0 6

Commonsense 2 3 5 4 0 2 16
Opportunities 0 1 0 0 0 0 1

Selling the client 3 4 1 1 0 0. 9
Minimum complaints 2 0 1 2 1 0 6

Seniority 2 0 1 9 1 2 15

Conformity/submission to
authority 0 2 2 2 0 0 6

Public relations 6 5 4 4 2 1 22
Flexibility 0 6 1 3 0 2 12

Responsibility 5 2 1 0 0 0 8
Leadership 1 0 0 2 0 1 4

Efficiency/competency -
technical 26 17 18 27 5 1 94

Efficiency /competency -
speed 9 5 3 13 3 1 36

Efficiency/competency -
financial 11 4 5 2 2 0 24

Dedication/hard work 2 1 5 4 2 2 16

Experience 3 2 5 7 1 1 19

Original thought/
creativity 5 1 0 2 0 0 8

Good management 10 7 7 3 0 1 28

Knowledge /qualifications 8 9 13 16 3 3 52

Decision making 8 4 2 2 3 0 19

Communication 2 2 5 4 1 0 14
Completion of work/

productivity 13 13 7 0 5 3 41'
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FinaiJy, answers rel7Iting to "crieria c: ,,t,ccess" Tt!r

examiL,A according to leveio!' cmpL,,vment Ihe
employer. Frequencies are given in Tablo
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Question 8 read as follows:

"For what and at what level do you think your post-secondary/
tertiary training most fitted you?"

Three sorts of answers were received, one dealing with type
of employer, the second with type of work and the third with
level in an orga,lisation. The range within each type was
limited, and the frequencies for all answers are given in the
following Table A.8.21.

TABLE A.8.i1

WHAT RESPONDENTS' TRAINING FITTED THEM FOR

(IN THEIR OPINION)

QUALIFICATION CATEGORY

1 2 3 4 5 6 7 8
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Question 9 was:

"Did your post-secondary/tertiary training develop skills in
tchnical decision making, or value judgements? If so, which
parts of your training were most effective?"

and the data are given in the following table:

TABLE A.8.22

TECHNICAL DECISION MAKING

(frequencies)
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Questions 9 and 10 were concerned with creativity in a broad
sense and sought to differentiate between the use of traditional methods
and encouragement to develop and use a students own ideas. They were:

9) "Did your post-secondary/tertiary training encourage and assist
Yo u to on.

a) develop your own ideas and use your own ideas, or

b) encourage you to use traditional methods to solve your
problems? "

10) "If you find greater use for your own ideas please give examples."

The data are given in Table A.8.23. which follows.

TABLE A.8.23.

ENCOURAGEMENT TO DEVELOP OIN IDEAS

QUALIFICATION CATEGORY
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Question 11, the final question, was based on the idea
that people engaged in civil engineering would probably have
views on the trend of development in the industry. If there
were a concensus of opinion this could be of value to those
concerned with designing curricula for the future.

The question read:

"Looking ahead to 1980 what do you think will
be the major differences in civil engineering,
and what new approaches or subjects should
civil engineers of all grades be taught today
to better fit them for work in 1980T"

In the first instance answers were examined according to the
qualification categories used hitherto. Frequencies are given
in Table A.8.24.

TABLE A.8. 24. THE FUTURE
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In the second instance answers were examined according to
level of employment and type of work.

TABLE A.8. THE smug

LEVEL OF EMPLOYMENT AND TYPE OF WORK
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In the third instance answers were examined according to
level of employment and age of respondent. Frequencies
are given in Table A.8. 26.

TABLE A.8. 26. THE FUTURE

LEVEL OF EMPLOYMENT AND AGE
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Finally, answers eelating to the "future" were examined according
to level of employment and the type of employer. Frequencies for
the various types of answer are given in Table A.8.27.

TABLE A.8. 27. THE FUTURE
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APPENDIX 9,

TASK ANALYSIS QUESTIONNAIRE - REGFONSIBILITY RATING

Page 12 of the Task Analysis questionnaire sought
information from subjects about the responsibility associated
with their job, on the basis of a scheme devised for this study.
The scheme divided responsibility into three, responsibility for
men, responsibility for money, and responsibility for policy.
Each type of responsibility was further sub-divided, each
sub-division having its own scale, and each point on the scale
given a score. Individual scores from each scale were summed,
thus providinf a summed score for each of the separate types of
responsibility. The system and its defects have been discussed
in Chapter 8.1.6.

The data that follow are presented in a number of ways.
Table A.9.1 shows the mean scores for men responsibility, money
responsibility and policy responsibility. Also given are mean
salaries for the various qualification categories. These latter
have been difficult to determine because the salary rances chosen
were wide (intervals of $1000) intentionally so, and the scale
terminated at a maximum ($10,000 p.a.) which was exceeded by many
respondents (24 per cent of the response to this question).

To calculate a mean sals.!-,.r therefore, for a category is
possible in some cases, but in ol;hers virtual guesses have had to
be made based on a knowledge of the civil engineering industry.

TABLE A.9.1. MEAN RESPONSIBILITY SCORES AND SALARIES
FOR VARIOUS CATEGORIES OESUALIFICATION

QUALIFICATION CATEGORY
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The next table shows mean scores, as above, but according
to level of employment and type of work.



The information relating to the salaries earned by
respondents within qualifiJation categories are given in
Table A.9.2.

TABLE A.9. 2. SALARY DISTRIBUTION WITHIN VARIOUS
CATEGORIES OF QUALIFICATION

(frequencies)
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The next table shows mean scores for the three responsibilities
according to level of employment and type of work.

TABLE A.9.3. MEAN RESPONSIBILITY SCORES FOR ENGINEERS AND
TECBNICIAN IN VARIOUS TYPES 0 WORK
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The next table shows mean scores for the three responsibilities
according to level of employment and type of work.
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No figures for average salaries are given above but the
frequencies for each of the salary brackets are given below for
engineers and technicians in various types of work.

TABLE A.9.4. SALARY DISTRIBUTION FOR ENGINEERS AND
TECHNICIANS IN VARIOUS TYPES OF WORK

(frequencies)

SALARY GRADE

n

LEVEL OF EMPLOYMENT AND TYPE OF WORK
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The following table gives mean responsibility scores for
engineers and technicians of various ages.

TABLE A.9.. MEAN RESPONSIBILITY SCORES FOR ENGINEERS
AND TECHNICIANS IN VARIOUS AGE GROUPS
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Table A.9.6 which follows, gives the frequencies for each

of the salary brackets for engineers and technicians of various ages.

TABLE A.9.6. SALARY DISTRIBUTION FOR ENGINEERS AND
TECHNICIANS IN VARIOUS AGE GROUPS
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Tables A.9. 7 and A.9.8 show the mean scores for the three

types of responsibility for each of the salary ranges, for engineers

and for technicians.

TABLE 4.9t7. MEAN RESPONSIBILITY SCORES FOR ENGINEERSin EACH OF THE SALARY RANGES

Salary range

4

a

MEAN RESPONSIBILITY SCORE FOR

Men Money Policy

< $4000 0 0 0 0

$4001 - 5000 0 0 0 0

$5001 . 6000 12 8 41 43

$6001 - 7000 18 4 23 51

$7001 . 8000 22 27 * 48 65

$8001 - 9000 39 12 45 61

$9001 - 10,000 30 20 4, 67

>110,000 86 43 60 72

high score due to 1 abnormally high
individual subject score.



TABLE A.9.8. MEAN RESPONSIBILITY SCORES FOR TECHNICANS
FOR EACH OF THE SALARY RANGES

Salary range n

MEAN RESPONSIBILITY SCORE FOR
I

Mev Money Policy

$4000 18 0 10 24
$4001 - 5000 19 1 25 30
$5001 - 6000 33 1 24 33
$6001 - 7000 26 2 2,3 34
$7001 - 8000 14 7 27 47
$8001 . 9000 9 15 30 56
$9001 -10,000 2 29 53 * 62

$10,000 4 0 * 33 * 64 *

figures unreliable because of very small
a (number of subjects in group)



TABLE A.10.1. TABLE OF CHARACTERISTICS OF
SUB-PROFESSIONAL/TECHNICIAN JOBS

PART ONE

Descriptive title
of

position or work
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Draftsman

,

special-
ize4
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.
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ibly
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pops-
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some

pose-
ibly
some

yes y

.._



TABLE OF CHARACTERISTICS OF
SUB-PROFESSIONAL/TECHNICIAN JOBS

PART ONE
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APPENDIX 10. SPECIAL GROUP MEETINGS ON JOB CHARACTER3STICS.

Two levels of skill have been under considerati,m
throughout this project - the prt)fessional and the nub-r:st5r,2,,J.
/technician. The sample selected for receiving questionnair
representative of the levels of the hierarchy existing in thr! civi !
engineering industry. The response has shown that jobs at thv
various levels do differ with respect to skills, knowledge,
frequency of task occurrence and responsibility. however, it .-2,,mcd
important that we should get further opinion on how the twc, 1,oad
levels were thought to differ, from a panel of experts. C(,!,z..1.#nti

two groups, each of six people were assembled, one group conTI.lied
mainly people connected with and authoritative aoou'L tnose ,1011)..
in civil engineering generally classified as technician/sub-
professional, and the other group comprised of people connected
with and authoritative about jobs in civil engineering generally
classified as professional. Several days before each meeting tt
purpose of the meeting was made clear to the participants and their
thoughts were directed to those aspects in which we were mainly
interested, e.g. knowledge, manual skill, head skill, responsibility
and frequency of task occurrence. The panel were also given the
background to the project and copies of the questionnaires. At the
start of the meeting, the nature of the project was again briefly
summarised and the purpose of the meeting emphasized and preliminary
results concerning the broad task analysis, frequency of ta.k
occurrence and responsibility in tabulated form were presented to
the panel.

A.10.1. Sub-professional/technician j obv.

The range and diversity of the technician/sub-professloital
staff engaged in the civil engineering industry was apphrnt
througnout the discussion. At.ithe Technical. Officer and of the
spectrum were men who were claimed to be doing work of a genera'
and broad nature similar to that usually associated with an engineer.
At the other end of the spectrum for example, materials testing,
the technician operating the testing equipment was performing vory
specialised work of limited and repetitive nature. Construction
supervisors did not fit into this general spectrum, their work
was characterised by a high management skills content and clearl;:
dcfined areas of responsibility, e.g. high for men, but more
diffuse for money and policy.

The overall results can be tabulated in the following way:-



TABLE A.1Q.1. (contd.) TABLE OF CHARACTERISTICS

OF

SUB- PROFESSIONAL/TECHNICIAN JOBS

PART TWO

KNOWLEDGE REQUIRED OF

)escriptive title
,f position or
vork

Manual
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Survey
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-mi..

Material Testing
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TABLE OF CHARACTERISTICS

OF

SUB-PROFESSIONAL/TECHNICIAN JOBS

PART TWO

KNOWLEDGE REQUIRED OF

Acme Management and Personnel Matters

exist Cost-
Asdies ings &

Coats

Plann- Organ- Direct- Controll- Co-ord- Inter- Labour

ing icing ing ing inating viewing Heist
-ions

General Stet- Safety
Person- Latins Natters

nel on
Staff
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and
diffi-
cult to
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Often

,

Often Often Often Often . Seldom - - Often.-.4P

If ,.....-----.. Chief draftsman - yes generally
Draftsmen - not at all

al
r

II No

'I No

if Yes



A.10.2. Engineer lobe.

The comments made by the members of the group discussing the
work of engineers were much more general in nature and at one stage
of the discussion it seemed that engineers operating in the civil

engineering field were generalists with the.ability to exceed a
technician's specialised knowledge and repetitive skill in one task
to include the "breaking in", or development of new techniques or
skills because of their more lengthy training and/or their innate

ability. The importance of management skills was emphasised and,
surprisingly, the member of the group concerned with construction
activities said some project managers were not trained as "civil
engineers" at all, but had acquired knowledge of and skill in using
management techniques purely by experience.
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APPENDIX 11. yonsmEN QUESTIONNAIRE

11.1. BASIC DATA CONCERNING RESPONDENTS

The response to the questionnaire distributed to construction
foremen was seventy four. The first page of the questionnaire sought
information from each subject on where he worked, his age, qualifications,
years of work in his present job etc. These group data are presented in
the following table.:

TABLE A'1.1. Enamor distrib tion4.

. _

Commonwealth Govt. 5 7%

State Government 39 42

Local Government 27 36

Consultants - -

Contractors 11 15

General Industry - -

Total response ..
,

74
..._

100%

TABLE A11.2.. Ame1Distributiop.

20 - 25 years

26 - 30

31 - 35

36 40
41 45

46 . 50

59 - 55
56 -60 ft

60

No answer

Total response

0

10

11

8

15

12

8

7.

2

74

0%

1

13

15

11

20

16

11

10

3

100%



The employment patters is Shown in the following table:

TABLE A 11.3. 14010-711eAt Pattern,.

Years in Present Job Years in Civil Engineering
,.

41 year 3 4% 4 1 year 0 0%

2 years 2 3 2 years 0 0

3 " 4 5 3-4 " 0 0
4 4 5 5-7 " 1 1

.5 " 5 7 8.10 " 6 8

6-7 11 7 10 11-15 " 13 18

8.10 " 7 10 16-20 " 11 15

) 10 " 41 55 21-30 " 29 39

No answer 1 1 > 30 " 8 11

Total ., 74 WO% No answer 6 8
.

Total .. 74
_

100
A

, ,

Some questions on formal training were asked with the
following results:

TABLE £11.4.. LumelAtalgas

Type of Qualification Method

Foreman's certificate Full-time 12 16

Overseer's " 21 299 Part-time 23 31

Building Foreman's " Correspondence 4 6

Other certificate 18 24 Belf-ltarm 1 1

Degree. 1 i sandwick 0 0

No qualification 22 30
....

No answer 12 16
34 46

........ .1

74 100% 74 100%

.. _ .

A IL r.),_



The training organisation and its location were as follows:

TABLE A11.5. Where Course Was Completed.

Organisation State in Australia etc.

Technical College 29 39.1% N.S.W. /A.C.T. 30 40.4%

University 1 1.4 Victoria 1 1.4

State Govt. Dept. 1 1.4 South Australia 1 1.4

At work and/or home 3 4.1 Tasmania 1 1.4

Overseas 1 1.4

Armed Forces 0 0.0 Other States 0 0.0

No answer 40 54.0 No answer 40 54.0

Total .. 74 100.0% 74 100.0%

..............--..--d-...............................

11.2. FREQUENCY OF USE OF "ELEMENTS' OF KNOWLEDGE AND IMPORTANCE
ATTACHED TO 'ELEMENTS'

The main part of the questionnaire distributed to foremen sought
information on the usage, the importance and the level of knowledge or
understanding of a list of 'elements' of civil engineering knowledge.
This list is given below:.

TABLE A11.6. List of 'Elements'.

CONSTRUCTION

Strength of timber and concrete beams and columns
Bitumen
Circular formwork
Rigging
Underpinning
Coffer dame
Tunneling
Planning a simple construction job
Water pipe lines
Sewer construction
Plant
Placing concrete under water
Timber bridge construction
Concrete culverts
Steel sheets and bending



Organisation State in Australia etc.

Technical College 29 39.1% N.5.111./A.C.T. 50 40.4%

University 1 1.4 Victoria 1 1.4

State Govt. Dept. 1 1.4 South Australia 1 1.4

At work and/or home 3 4.1 Tasmania 1 1.4

Overeeas 1 1.4

Armed Forces 0 0.0 Other States 0 0.0

No answer 40 54.0 No answer 40 54.0

Total .. 74 100.0% 74 100.0
p

11.2. FREQUENCY OF USE OF 'ELEMENTS' OF KNOWLEDGE AND IMPORTANCE
ATTACHED TO 'ELEMENTS'

The main part of the questionnaire distributed to foremen sought
information on the usage, the importance and the level of knowledge or
understanding of a list of 'elements' of civil engineering knowledge.
This list is given below:.

TABLE A11.6. List of 'Elements'.

CONSTRUCTION

Strength of timber and concrete beams and columns
Bitumen
Circular formwork
Rigging
Underpinning
Coffer dams
Tunneling
Planning a simple construction job
Water pipe lines
Sewer construction
Plant
Placing concrete under water
Timber bridge construction
Concrete culverts
Steel sheets and bending

MECHANICS

Levers
Pulley blocks, winches
Safe working load; fibre and wire ropes, chains.
Safe sustaining power of piles
Drop hammers, steam hammers

All. p.3.
a



TABLL (Continued)

:TECIFICATION WRITING AND CONTRACTS

Clearing
Grading drainage embankments
Explosives
Interpretation of contracts
Contractors risk
Security deposits
Responsibilities of parties

FOUNDATIONS

Properties of soils
Pile and pier foundations
Caissons
Air pressure work

CRITICAL PATH PROGRAMMING

BOOK AND RECORD KEEPING

PUBLIC HEALTH

Parks and gardens
Swimming facilities
Sanitary plumbing
House drainage
Camp sanitation
Sullage orate'
Sewage disposal
Stormwater drainage
Ventilation

CALCULATIONS

Trigonometry, areas and volumes
Material costing
Reduced levels
Calculation of wages

TIMBER

Timber growth conversion
Seasoning
Identification and weight
Durability and suitability
Timber joints
Piling

FASTENINGS

Nails, screws, bolts and rivets

CONCRETE

Concrete quantities
Types of cement and mixes
AFTegrates and tests for immurities
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T--antarpretatiM o.f_. contracts
eontractore risk
Security deposits
Reoponsibilities of iarties

FOUNDATIONS

Properties of soils
Pile and pier foundations
Caissovs
Air preosure work

CRITICAL PATH PROGRAMMING

BOOK AND RECORD KEEPING

PUBLIC HEALTH

Parks and gardens
Swimming facilities
Sanitary plumbing
House drainage
Camp sanitation
Sullage water
Sewage disposal
Stormeater drainage
Ventilation

CALCULATIONS

Trigonometry, areas and volumes
Material costing
Reduced levels
Calculation of wages

TIMBER

Timber growth conversion
Seasoning
Identification and weight
Durability and suitability
Timber joints
Piling

FASTENINGS

Nails, screws, bolts and rivets

CONCRETE

Concrete quantities
Types of cement and mixes
Aggregates and tests for impurities
Slump and strength
Methods of mixing
Strengths of concrete
Formwork
Reinforcement
SA.A code CAZ 1958
Effects of weather conditions
Expansion and contraction
Durability

Ail. p..4.



TABLE A11.6. (Continued)

SCAFFOLDING

Scaffolding different methods
Scaffolding and Lifts Act

REPORT WRITING

MISCELLANEOUS

Surveying.
Training workers on the job
Solving problems
Developing group morale
Safety regulations
Concrete drying rate
Pneumatic drilling
Union regulations

The instructions concerning these items asked respondents
to indicate -

(A) How often you use each element in your job.

(B) How important each element is to your job.

(C) How much you need to know about each element.

by placing your answer in the corresponding answer column and giving
it a number from 1 - 4.

For Column (A) 1 would indicate that you spent almost all your
time using that element

2 would indicate that you spent more than half of
your time using that element

3 would indicate that you spent less than half your
time using that element

4 would indicate that you spend almost no time
using that element

For Column (B) 1 would indicate that the
to your job

2 would indicate that the
your job

3 would indicate that the
important to your job

4 would indicate that the
to your job at all

element was very important

element was important to

element was not very

element was not important

For Column (C) 1 indicates complete theoretical and working knowledge

2 indicates knowledge of principles only

3 indicates practical working knowledge

4 indicates basic facts only
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REPORT WRITING

MISCELLANEOUS

Surveying
Training workers on the job
Solving problems
Developing group morale
Safety regulations
Concrete drying rate
Pneumatic drilling
Union regulations

The instructions concerning these items asked respondents
to indicate

(A) How often you use each element in your job.

(B) How important each element is to your job.

(C) How much you need to know about each element.

by placing Jour answer in the corresponding answer column and gi.ing
it a number from 1 - 4.

For Column (A) 1 would indicate that you spent almost all your
time using that eletent

2 would indicate that you spent more than half of
your time using that element

3 would indicate that you spent less than half your
time using that element

4 would indicate that you spend almost no time
using that element

For Column (B) 1 would indicate that the
to your job

2 would indicate that the
your job

3 would indicate that the
important to your job

4 would indicate that the
to your job at all

element was very important

element was important to

element was not very

element was not important

For Column (C) 1 indicates complete theoretical and working knowledge

2 indicates knowledge of principles only

3 indicates practical working knowledge

4 indicates basic facts only

5 indicates no knowledge of element required for your
job



Dealing firstly with the usage of the 'elements' of knowledge
the following table can be compiled:

TABLE A11.7. (Part 1) Frequency of Use (Main Items Only).

Frequency of scoring
1. i.e. "spent almost all
time using the element".

35

25

23

18

18

17

14

13

13

13

13

12

12

12

11

11

11

11

11

11

10

10

10

10

At the bottom

2

2

'Element'

Plant

Planning a simple construction
job

Safety regulations

Concrete quantities

Solving problems

Sewer construction

Water pipe lines

Strengths of concrete

Formwork

Reinforcement

Report writing

Responsibilities of parties

Slump and strength (concrete)

Training workers on the job

Strength of timber and concrete
beams and columns

Book and record keeping

Reduced levels (calculations)

Expansion and contraction
(concrete)

Durability (concrete)

Concrete drying rate

Types of concrete and mixes

Aggregates and tests for
impurities

Methods of mixing (concrete)

56 other items

of the list were:-

ITunneling

Parks and gardens (public
health)

A
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Frequency of scoring
1. i.e. "spent almost all

_ time twins( thp element".

35
25

23

18

18

17

14

13

13

13

13

12

12

12

11

11

11

10

10

10

'Element'

10

At the bottom of the list w

2

2

2

2

1

Plant

Planning a simple construction
job

Safety regulations

Concrete quantities

Solving problems

Sewer construction

Water pipe lines

Strengths of concrete

Formwork

Reinforcement

Report writing

Responsibilities of parties

Slump and strength (concrete)

Training workers on the job

Strength of timber and concrete
beams and columns

Book and record keeping

Reduced levels (calculations)

Expansion and contraction
(concrete)

Durability (concrete)

Concrete drying rate

Types of concrete and mixes

Aggregates and tests for
impurities

Methods of mixing (concrete)

56 other items

ere:-

Tunneling

Parks and gardens (public
health)

Calculations of wages

Timber growth conversion

Swimming facilities (public
health)



TABLE A11.7. (Pare PI Frequency of Use (Main Items Only).

Frequency of scoring 2.
i.e. "spent more than
half of time using element"

'Element'

19 Solving problems

18 Safety regulations

17 Developing group morale

15 Plant

15 Concrete quantities

15 Types of concrete and mixes

13 Concrete culverts

11 Planning a simple construction
job

11 Book and record keeping

11 Reduced levels (calculations)

11 Reinforcement

11 Pneumatic drilling

10 Bitumen

10 Grading drainage embankments

10 VentilEition

10 Expansions and contractions
(concrete)

Durability (concrete)

Report writing

10

10

At the bottom

2

2

2

2

2

1

1

1

1

0

of the list were:-

Underpinning

Coffer dams

Drop hammers, steam hammers

Interpretation of contracts

Calculation of wages

Circular formwork

Tunneling

Security deposits

Air pressure work

Caissons

Sewer construction

AU, 'T.



Tebles A11,7, Parts 1 and 2 can be combined to give:.

TABLE A11.74, (Part 3) Frequency of Use (Main Items Only).

Frequency of Scoring
+ 2

50

41

37

36

33

27

24

24

23

22

22

22

22

21

21

21

19

19

18

18

18

17

17

17

'Element°

Plant

Safety regulations

Solving problems

Planning a simple construction job

Concrete quantities

Training workers on the job

Reinforcement (concrete)

Developing group morale

Report writing

Book and record keeping

Reduced levels (calculations)

Strengths of concrete

Formwork (concrete)

Expansion and contraction (concrete)

Durability (concrete)

Concrete culverts

Strength of timber and concrete
beams and columns

Concrete drying rate

Slump and strength (concrete)

Grading drainage embankments

Ventilation

Sewer construction

Pneumatic drilling

Water pipe lines

And for interest, bottom of the list:

4

4

4

3

3

Caissons

Swimming facilities

Calculation of wages

Tunne14,ng

Timber growth conversion

One may argue that points on scales cannot be summed bu
nevertheless we are not drawing any conclusions between the r
1 and 2, and their sum, and rankings 3 and 4 and their sum.



1 + 2

50

41

3?

36

33

27

24

24

23

22

22

22

22

21

21

21

19

19

18

18

18

17

1?

17

And for interest, bottom o

4

3

3

Plant

Safety regulations

Solving problems

Planning a simple construction job

Concrete quantities

Training workers on the job

Reinforcement (concrete)

Developing group morale

Report writing

Book and record keeping

Reduced levels (calculations)

Strengths of concrete

Formwork (concrete)

Expansion and contraction (concrete)

Durability (concrete)

Concrete culverts

Strength of timber and concrete
beams and columns

Concrete drying rate

Slump and strength (concrete)

Grading drainage embankments

Ventilation

Sewer construction

Pneumatic dri ling

Water pipe lines

f the lists

Caissons

Swimming facilities

Calculation of wages

Tunneling

Timber growth. conversion

One may argue that points on scales cannot be summed but
nevertheless we are not drawing any conclusions between the rankings
1 and 2, and their sum, and rankings 3 and 4 and their sum.

A brief check of the ratings 3 and 4 showed that they correlated
inversely with ratings 1 and 2 ae would be expected.



Turning now to the imrrtance of the 'elements' of knowledge
another series of tables can be constructed:-

TABLE A11.8, (Part 1) ImportAnce (Main Items Only).

Frequency of scoring 1.
i.e. "element was nu
imortant to Job"

'Element'

45 Plant

45 Safety regulations

39 Planning a simple construction job

39 Solving problems

30 Formwork (concrete)

30 Training workers on the Job

29 Reinforcement (concrete)

28 Reduced levels (calculations)

28 Report writing

27 Concrete quantities

24 Book and record keeping

24 Types of concrete and mixes

24 Methods of mixing (concrete)

24 Developing group morale

23 Concrete culverts

23 Slump and strength (concrete)

22 Effects of weather conditions
(concrete)

22 Expansion and contraction (concrete)

22 Surveying

21 Water pipe lines

21 Durability (concrete)

20 Sewer construction

20 Union regulations

At the bottom of the list were:

5

5

5

4

3

2

1

Caissons

Camp sanitation (Public Health)

Ventilation (Public Health)

Parks and gardens (Public Health)

Calculation of wages

Swimming facilities (Public Health)

Timber growth conversion



A similar table can be constructed by looking at the
frequencies under column 2.

TABLE A11,8; (Part 2) Imp.2rtancsaMainallejlarl.

Frequei.,:y of scoring 2.
i.e. "element was
important to lob"

'Element'

30

29

29

29

28

28

27

27

26

26

25

24

24

24

24

24
24
24

23

22

22

22

21

21

21

21

21

20

20

20

Types of concrete and mixes

Safe working load, fibre and wire ropes,
chains

Expansion and contraction (concrete)

Developing group morale

Trigonc t.ry, areas and volumes
(calculation)

Durability (concrete)

Book and record keeping

Union regulations

Strengths of concrete

Training workers on the job

Aggregates and tests for impurities
(concrete)

Pulley blocks and winches

Concrete quantities

Slump and strength (concrete)

Methods of mixing (concrete)

Effects of weather conditions

Solving problems

Concrete drying rate

Material costing (ca'culations)

Stormwater drainage (Public Health)

Formwork (concrete)

Pneumatic drilling

Planning a simple construction job

Levers

Grading drainage, embankments

Reinforcement (concrete)

Report writing

Bitumen

Sewage disposal (Public Health)

Reduced levels (calculations)

At the bottom of the list were
I .



Frequency_ of -scoriae 2"__
tol-eignerit =WW1 -.-

important to job"

30

29

29

29

28

28

27

27

26

26

25

24

24

24

24

24

24

24

23

22

22

22

21

21

21

21

21

20

20

20

Types of concrete and mixes

Safe working load, fibre and wire ropes,
chains

Expansion and contraction (concrete)

Developing group morale

Trigonometry, areas and volumes
(calculation)

Durability (concrete)

Book and record keeping

Union regulations

Strengths of concrete

Training workers on the job

Aggregates and tests for impurities
(concrete)

Pulley blocks and winches

Concrete quantities

Slump and strength (concrete)

Methods of mixing (concrete)

Effects of weather conditions

Solving problems

Concrete drying rate

Material costing (calculations)

Stormwater drainage (Public Health)

Formwork (concrete)

Pneumatic drilling

Planning a simple construction job

Levers

Grading drainage, embankments

Reinforcement (concrete)

Report writing

Bitumen

Sewage disposal (Public Health)

Reduced levels (calculations)

At the bottom of the list were: -

8 Steel sheets and bending

8 Calculation of wages

7 Drop hammers and steam hammers

7 Timber seasonin;

All. p.10



By combining the two previous tables one obtains the
following:

TABLE A11,8, (Part 3) Importance (Main Items Only).

Frequency of scoring
1 + 2

'Element'

63 Safety regulations

63 Solving problems

62 Plant

6o Planning a simple construction job

56 Training workers on the job

56 Types of concrete and mixes

54 Strength of concrete

53 Concrete quantities

53 Developing group morale

52 Formwork (concrete)

51 Book and record keeping

51 Expansion and contraction (concrete)

5o Reinforcement (concrete)

49 Durability (concrete)

49 Report writing

48 Reduced levels (calculation)

48 Methods of mixing (concrete)

47 Slump and strength (concrete)

1.7 Union regulations

Elements at the bottom of the list were not much
different from those in previous "bottom of the
lists".

A it



APPENDIX 12 'AIMS OF CIVIL ENGINEERING COURSE
- UNIVERSITY OF MELBOURNE

UNIVERSITY OF MELBOURNE

DEPARTMENT OF CIVIL ENGINEERING

AIMS OF THE CIVIL ENGINEERING COURSE

A civil engineer should have received at the University an
education appropriate firstly for a graduate, secondly for an
engineer and thirdly for a civil engineer, in this order of
importance.

. This conclusion has been reached following a review of the
Mental characteristics, the habits of mind, the intellectual skills
and the general and specialised knowledge which is looked for in the
mature engineer, and which is expected, in embryo at least, in the
fresh graduate.

The attributes of the University graduate should include the
following:

a) A general understanding of the cultural, social and
political structure of society.

b) An ability to ascertain the true nature of a problem
or an event by a logical process of observation analysis
and induction.

c) An ability to communicate ideas and information with
others by speech, writing and in other ways.

d) An ability to find rapidly any information needed,
either from the literature or by consultation with
appropriate persons.

e) Self-reliance, in the sense of being willing to tackle
unfamiliar problems.

The attributes of graduate engineers in general, in addition
to those listed above, include the following:

a) A thorough understanding of the basic scientific knowledge
and principles, and their engineering developments,
underlying engineering work.

b) The attainment of some skill in engineering analysis -
in particular, the stripping down of a problem to its
essential elements, and its formulation where possible
in mathematical terms for solution.

c) Some ability in synthesis i.e. the development of solutions
to engineering problems which will satisfy prescribed criteria
of function, cost, strength, appearance, etc.

d) An appreciation of the economic, social and political
factors which may influence engineering decisions.

e) An awareness of the signifieanoe of the engineer's work in
relation to the physical and social environment, and of the
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A civil engineer should have received at the University an
education appropriate firstly for a graduate, secondly for an
'manesr and thirdly for & civil engineer, in this order of
importance.

This conclusion has been reached following a review of the
mental characteristics, the habits 'f mind, the intellectual skills
and the general and specialised knowledge which is looked for in the
mature engineer, and which is expected, in embryo at least, in the
fresh graduate.

The attributes of the University graduate should include the
following:

a) A general understanding of the cultural, social and
political structure of society.

b) An ability to ascertain the true nature of a problem
or an event by a logical process of observation *analysis
and induction.

c) An ability to communicate ideas.and information with
others by speech, writing and in other ways.

d) An ability to find rapidly any information needed,
either from the literature or by consultation with
appropriate persons.

e) Self-reliance, in the sense of being willing to tackle
unfamiliar problems.

The attributes of graduate engineers in general, in addition
.o those listed above, include the following:

a) A thorough unoerstanding of the basic scientific knowledge
and principles, ani their engineering developments,
underlying engineering work.

b) The attainment of some skill in engineering analysis -
in particular, the stripping down of a problem to its
essential elements, and its formulation where porsible
in mathematical terms for solution.

c) Some ability in synthesis i.e. the development of solutirns
to engineering problems which will satisfy prescribed criteria
of function, cost, strength, appearance, etc.

d) An appreciation of the economic, social and political
factors which may influence engineering decisions.

e) An awareness of the significance of the engineer's work in
relation to the vhysical and social environment, and of the
special duties and responsibilities of the engineer to the
community.

A.12. p.1.



f) Ability to express oneself by means of drawings, illustrations
and models.

g) Ability to think ahead and to foresee, - tne possible trends
Jr e*uture developments in engineering and to evaluate their

1,,,p%cation.

h) Ability to work as part of a team.

i) An understanding of the principles underlying successful
engineering management and orgthisation.

j) A recognition of the fact that engineering is life-long
study, and an urge to extend cortinually one's knowledge
and experience.

k) Adaptability, flexibility of outlook and resourcefulness.

It will be seen that the attributes sought in a civil ensineering
graduate are similar in essence to those desirable in any engineering

graduate. It is, in fact, not easy to list additional attributes
required specially in a civil engineer. Is there something in his

work which makes it basically different from that of a chemical

engine...L:9 for example? The committee resisted the temptation to define
civil engineering as covered by the fields of structures, hydraulics,
soils and transport, because it recognised that these fields change

from time to time - soil mechanics, for instance, has only seen so
recognised within the last 30 years, and even today there are some
diehards among University professors who do not recognise the claims

of transport to a part in a civil engineering degree course. By the

same token, in twenty years' time civil engineering may have extended
its boundaries, into submarine engineering, perhaps.

The discussions began as a review of the present course.
Considerations of problems such as obsolescence, however, necessitated
an examination of the basic aims of engineering courses. It became
obvious that the precise content of a eubject,in the later years at

least, is less important than the wsy in which it is taught. Exactly
what the student holds in his mind by way of facts is lees significant
than the permanent valuable attributes which the graduate civil
engineer needs. The facts may soon become obsolete; the permanently
valuable metal characteristics, by defini'on, will not.

Ideally the engineering student is being trained for conditio:As
that will prevail throughout his professional life, not for those that

exist today. But a particularly disconcerting feature associated with
attempts to put this into practice is that new and important developments
tend to occur more and more rapidly, and that it is usually not
possiroi even for the best informed persona to foresee them.
Computers are a case in point - only 10 years ago eventhose people who
had been most closely concerned with their application in civil
engineering did -.)t expect them to make the major impact on the work
of the professio. that has occurred.

It is not possible to equip the graduate with techniques and
specialised knowledge which will remain up-to-date during his working
life. There is even no guarantee that what he acquires in the way of
specialised skills will not be obsolet3 within 10 years. The only way
by which this difficulty can be overcome is by developing a spirit .4
independent enquiry and self-education during the course so that these
habit may be continued in later irofessional life. The student must



b) Ability to work as part of a team.

i) An understanding of the principles underlying successful
engineering management and orgitisation.

j) A recognition of the fact that engineering is life-long
study, and an urge to extend continually one's knowledge
and experience.

.k) Adaptability, flexibility of outlook and resourcefulness.

It will be seen that the attributes sought in a civil engingering
graduate are similar in essence to those desirable in any engineering
graduate. It is, in fact, not easy to list additional attributes
required specially in a civil engineer. Is there something in his
work which makes it basically different from that of a chemical
engineer, for example? The committee resisted the temptation to define
civil engineering as covered by the fields of structures, hydraulics,
soils and transport, because it recognised that these fields change
from time to time . soil mechanics, for instance, has only been so
recognised within the last 30 years, and even today there are some
diehards among University professors who do not recognise the claims
of transport to a part in a civil engineering degree course. By the

same token, in twenty years' time civil engineering may have extended
its boundaries, into submarine engi eering, perhaps.

The discussions began as a review of the present course.
Considerations of problems such as obsolescence, however, necessitated
an examination of the basic aims of engineering courses. It became
obvious that the precise content of a subject,in the later years at
least, is less important than the way in which it is taught. Exact*
what the student holds in his mind by way of facts is less significant
than the permanently valuable attributes which the graduate civil
engineer needs. The facts may soon become obsolete; the permanently
valuable mental characteristics, by definition, will not.

Ideally the engineering student is being trained for conditions
that will prevail throughout his professional life, not for those that
exist today. But a particularly disconcerting feature associated with
attempts to put this into practice is that new and important developments
tend to 'ccur more and more rapidly, and that it is usually not
possible even for the best informed persons to foresee them.
Computers are a case in point - only 10 years ago even those people who
had been most closely concerned with their application in civil
engineering did not expect them to make the major impact on the work
of the profession that has occurred.

It is not possible to equip the graduate with techniques and
specialised knowledge which will remain up-to-date during his working
life. There is even no guarantee that what he acquires in the way of
specialised skills will not be obsolete within 10 years. The only way
by which this difficulty can be overcome is by developing a spirit of
independent enquiry and self-education during the course so that these
habitc may be continued in later professional life. The student must
be actively encouraged to continue to maintain and improVe his
qualifications by self study, attendance at lectures, participating in
conferences, reading of the current literature, etc. Although some of.
the specialised training may become obsolete w'tain a short time, there
does exist a core of basic knowledge and principles on which new and

A.12. p.2.



unpredictable developments must be founded, and which are, therefore
an essential part of the engineer's mental equipment.

As a result of the foregoing considerations our attention was
drawn to a number of defects in engineering courses:

1. There should be less preoccupation with what is taught, and
much more attention to how it is taught in such a way as to
develop the attributes, general and engineering, listed earlier.

2. At the same time, the graduate civil engineer obviously must
have mastered a basic stock of knowledge and techniques which
can be brought into play and applied with little or no delay.
Can this essential stock of basic knowledge and techniques be
listed? The committee knows of no such list, but one would be
very helpful to teachers as well as students, as they then
would know which material in their courses would need to be
mastered to this degree of thoroughness, and which would not.

3. Engineering courses are, in general, good in developing skill
in analysis, but weak in developing ability to synthesise so
as to produce a satisfactory design for a structure, or system,
a process or an operation. The pedagogic principles behind
success in either analytical or synthetical teaching, are not
generally agreed among engineering teachers, most of whom are
groping in the dark, especially in training students in the
processes of synthesis.

4. Too little is done in training students to communicate effectively,
either in writing or speech. For most people, skill in the
written or spoken word comes very slowly, and only after long
practice. One difficulty is that the standards of many engineering
teachers themselves in these matters fall short of excellence,
and they are therefore less critically helpful than they might be.

Another difficulty is that under today's conditions of life the
home background is often less stimulating intellectually than it
was for the typical undergraduate of 50 years ago came from the more

privileged classes. Much less attention is given in University
courses. today to the detailed engineering drawing than, say 40
years ago, and this is reasonable in view of the way offices are
organised nowadays. The graduate engineer still, however, needs
to be able to draw clearly and quickly and should be able to use
freehand sketches to help convey his ideas. The emphasis should
be on reasonable fluency in lettering and line work rather than on
the traditional draftsmanship "skills which can only come with
continued practice.

5. Most new graduate engineers are weak on the non-technical
factors set out in (d) in the list of attributes. In the U.S.A.
particularly, Universities have taken steps to correct this by
including humanities subjects in the engineering courses, and this
is good so long as these are handled imaginatively and do not
become merely a burdensome obligation to the student. In Australia
the position is particularly bad because of the extreme degree of

specialisation in the school curricula, which leaves the secondary
school product with much less than a well-rounded.hasic education.

6. More attention should be given to the training of students to find
information by a search of the literature, bow to take notes and
keep record cards, or how to cope with the flood of new literature
(see (d) in the attributes of the University graduate).
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develop the attributes, general and engineering, listed earlier.

2. At the same time, the graduate civil engineer obviously must
have mastered a basic stock of knowledge and techniques which
can be brought into play and applied with little or no delay.
Can this essential stock of basic knowledge and techniques be
listed? The committee knowsof no such list, but one would be
very helpful to teachers as well as students, as they then
would know which material in their courses would need to be
mastered to this degree of thoroughness, and which would not.

3. Engineering courses are, in general, good in developing skill
in analysis, but weak in developing ability to synthesise so
as to produce a satisfactory design for a structure, or system,
a process or an operation. The pedagogic principles behind
success in either analytical or synthetical teaching, are not
generally agreed among engineering teachers, most of whom are
groping in the dark, especially in training students in the
processes of synthesis.

4. Too little is done in training students to communicate effectively,
either in writing or speech. For most people, skill in the
written or spoken word comes very slowly, and only after long
practice. One difficulty is that the standards of many engineering
teachers themselves in these matters fall short of excellence,
and they are therefore less critically helpful than they miight be.
Another difficulty is that under today's conditions of life the
home background is often less stimulating intellectually than it
was for the typical undergraduate of 50 years ago came from the more
privileged classes. Much less attention is given in University
courses today to the detailed engineering drawing than, say 40
years ago, and this is reasonable in view of the way offices are
organised nowadays. The graduate engineer still, however, needs
to be able to draw clearly and quickly and should be able to use
freehand sketches to help convey his ideas. The emphasis should
be on reasonable fluency in lettering and line work rather than on
the traditional draftsmanship skills which can only come with
continued practice.

5. Most new graduate engineers are weak on the non-technical
factors set out in (d) in the list of attributes. In the U.S.A.
particularly, Universities have taken steps to correct this by
including humanities subjects in the engineering courses, and this
is good so long as these are handled imaginatively and do not
become merely a burdensome obligation to the student. In Australia
the position is partichlarly bad because of the extreme degree of
specialisation in the school curricula, which leaves the secondary
school product with much lees than a well - rounded basic education.

6. More attention should be given to the training of students to find
information by a search of the literature, how to take notes and
keep record cards, or bow to cope with the flood of new literature
(see (d) in the attributes of the University graduate).

7. More should be done to make a student conscious of the social
consequences of his work, of its effect on the environment or of how

A.12. p. 3.



conflict can arise between his duty to an employer and his wider

obligation to the community.

8. More emphasis should be given to instruction is the economic
aspects of engineering work, since economics is one of the basis
criteria of any engineering project, and the over riding one in

many.

9. The graduate is not properly prepared for his further education
to help him see that his University studies are only a start on

the road and to produce in him the proper habits for effective

study.

This document was prepared after discussion by the
Course Revision Committee and is based on a paper by Prof. A.J. Francis

which summarized the results of their discussions. The final draft
was edited by Dr. P.J. Moore.



INDIVIDUAL DATA SHEET

NAME OF ORGANISATION:

ADDRESS:

TELEPHONE NO.;
i,

NATURE OF BUSINESS:

. .

OF FICE
USE

Approximate total employees

Departsmat or section of laminate

Please sketch an abbreviated
organisation chart showing
your position in organisation
in relation to Head of Company.
Department etc.

What is your job title?

Type at work:
Select one answer from:-
Design. construction, maintenance,
feasibility/economic studios.
R&D/investigational, sales.

Your nano Age:

Please give details of any balm
qualifications you have e.g.
Degree. Diploma. Certificate.
How were they obtained?
Full -thee. parttinse or.sandwich
course.
When?

a)

b)

c) ..

What special training or skills
do you have? e.g. Management.
Lebow Relations. Computer
Technology etc.

.

,

k

What sort of practical Civil
Eitaineerinci Joinery° have you had?
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Approximate total omployees

Department or section of business

Please sketch an abbreviator,
organisation chart showing
your position in organisation
in Mallon to Head of Company,
Department etc.

What is your job title?

Type of work:
Select one answer from:-
Design. construction, maintenance,
feasibility/economic studies,
R&D /investigational. sales.

Your name Ago:

j.------...........

Please give details of any format
qualifications you have e.g.
Degree. Diploma, Certificate.
How were they obtained?
Full-time. part-time or sandwich
COWS*.
When?

a)

b)

c)

What special training or skills
do you have? e.g. Management,
Labour Relations. Computer
Technology etc. .

What sort of practical Civil
Engineering training have you had?

Now la have you been in you
present Oh?

,--.
Now mane years have you been Marking
in Civil logineoring?
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TASK ANALYSIS

TECHNICAL MATTERS

In the section below please-

(a) write again our answer to the question on page 1 on Type of Work in the space below.

(b) select (mot the branches of civil engineering from the two lists below which describes that part
of civil engineering with which your work is concerned. Indicate selection by underlining branch
and placing tick in box. If more than one branch Is clearly your concern please state an approximate
percentage against those involved.

(a) TYPE OF WORK

(b) ANCH OF
ERICIVIL

F
ERNGINENG

OFr iCE
BOA Ut

BRANCH OF
CIVIL ENGINEERING

OFFICE
BOX USE

Buildings

Bridges

Railways

Dams

Tunnels

Water Supply

Sewerage works

Pipe lines
(other than water or sewerage)

Harbours

Airports

Other (specify)

In the section on pages 4 and 5 please indicate in connection with -

USE those elements or parts of civil engineering knowledge which you use In the performance of your
lob, by placing a tick against them.
Please write '0' against those you do not use.

For those elements of civil engineering knowledgiyou use i.e., those you have ticked please indicate -

LEVEL OF KNOWLEDGE by selecting one of the following code numbers with tha meanings as given:-
1 = Advanced level of knowledge of the whole element
2 = General level of knowledge of witolgVirment
3 = Specialised knowledge of gat irtraTement
4 = Very specialised knowledge of Amami of element

FREQUENCY of use by selecting one of the following cede numbers with their meanings as given: -
1 = Regularly, frequently, i.e. ovary day or evilly other day
2 = Frequently, i.e. about once a week
3 = Not frequently, i.e. about wee a month
4 = Infrequently, i.e. leas than 10 times a year

IMPORTANCE i.e. whether knowledge of the particular element Is Important In your job. You answer
to be selected from the following code numbers with their meanings es given : -
! =Very important, easy to acquire
2 =Very important, difficult to acquire
3 = Important, easy to acquire
4 = Important, difficult to acquire
5 =Not importer,:

DIFFICULTY please indicate how difficult you consider the handling or understanding of this particular
element of knowledge to be. Please select your answer from the following code numbers with the
meanings as given:-



(a) write again your answer to the question on page 1 on Type of Work isi the 'apace below.

(b) select gniof the branches of civil engineering from the two lists below which describes that part
of civil with which your work is concerned. Indicate selection by underlining branch
and placing tick in box. If Mat* than one branch is clearly your concert Osseo MOO an approximate
percentage against those involved.

(a) TYPE OF WORK

..................... _

(b) BRANCH OF
CIVIL ENGINEERING BOX

OFFICE
USE

r

BRANCH OF
CIVIL ENGINEERING BOX

.
OFFICE

USE

Buildings

Bridges

Roads

Railways

Dams

Tunnel s

Water Supply
I

Sewerage works

Pipe lines
(other than water or sewerage)

Harbours

Airports

1-

------...-----I
i

Other (specify)

In the bect ion on pages 4 and 5 please indicate in nonnntan with

USE those elements or parts at civil engineering knowledge which you use in the performance of your
job, by placing a tick against them.
Please write '0' against those you do not use.

For those elements of civil engineering knowledge you use i.e., those you have ticked please indicate-

LEVEL OF KNOWLEDGE by selecting one of the following code numbers with the meanings as given: -
1 = Advanced level of knowledge of the whole element

= General level of knowledge of whole-Eirment
3 = Specialised knowledge of garl of irement
4 = Very specialised knowledge of gumaisigi of element

FREQUENCY of use by selecting one of the following code numbers with their meanings as given: -

1 = Regularly, frequently, i.e. every day or every other day
2 = Frequently, i.e. about once a week
3 = Net frequently, i.e. about once a month
4 = infrequently. i.e. less than 10 times a year

IMPORTANCE i.e. whether knowledge of the particular element is iwortant in your Job. Your answer
to be selected from the following code numbers with their meanings as given:-
1 = Very important, easy to acquire
2 =Very tmportant, difficult to acquire
3 = Important, easy to acquire
4 = Important. difficult to acquire
5 =Not important

DIFFICULTY please indicate how difficult you consider the handling or understanding of this particular
element of knowledge to be. Please select your answer from the following code numbers with the
meanings as given: -

1 1°' Very difficult
2 = Difficult
3 = Moderately difficult
4 = Easy

USE IN YEAR in the last column indicate whether you have used the element of civil engineering knowledge
in the past 12 months. Please answer I or 0 (used, or not used).

Finally, if there are "elements" of civil engineering knowledge you use. and which are not included in the listing
please write Owl them on Page 6, or if there is insufficient space on pr gels 4 iii 5, please centime on page 0,
marking the section referred to clearly. Any amplification you think would be helpful would be appreciated.

A.03. p.4.
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TASK ANALYSIS

On this page we would like you to show how your working time is split-up over some broad categories of tasks, in
order to do this with some accuracy we suggest you note down day by day for a period of two working weeks the
approximate hoUrs spent on each of the broad categories of task. At the end of the time the hours can be summed
and a percentage calculated for each category. We are only interested in the percentage of the hours worked, and
these should be indicated in the column headed "% or nil". Percentages to be given to the nearest 5% in the
next column headed "Frequency" please indicate how frequently you were engaged on the category of task over
the last year. since the fortnight chosen may not have been typical of your working year. Your answer to be
selected from the following list of code numbers with their meanings:-

= Roeularly, frequently, i.e. every day or every other day
2 = Frequently. i.e. about once a week
3 = Not frequently, i.e. about once a month
4 = infrequently, less than 10 times a year.

Please write the selected code number in its relevant column in your answers below.

We suggest you read all the pages of the Task Analysis section in order to gain an idea of what is meant by
Technical Matters. Manual Skills, Economic & Financial Matters etc.

ALLOCATION OF TASKS

CATEGORY OF TASK %

NIL

FREQUENCY

,

COMMENT

ti.

St

i s

1

1 2 3 4

Example 30 2

Technical Matters

I 1 1

Manual Skills

I IlL 4

Economic and Financial
Matters

I A

Communication Matters
/Exchange of Information

Management Matter s and
Personnel Matters

1 , I



3141afithe list year, lime the forinigfit -chosen
nee

ay -not-finite teen iyOrciit of your working year. Yoursn&ver to be
selected from the following list of cods mbers with *air meanings:-

1 z. Regularly, frequently, i.e. every day or every other day
2 :P. Frequently, i.e. about once a wash

= Not frequently, i.e. about once a month
4 = Infrequently, less than 10 times a year.

Please write the selected code number in its relevant column in your answers below.

We sugges: you read all the pages of the Task Analysis section in order to gain an idea of what is meant by
Technical Matters, Manual Skills. Economic & Financial Matters etc.

ALLOCATION OF TASKS

CATEGORY OF TASK

FREQUENCY

COMMENT

4

1

%

NIL

a.
a,
S

3 4

Example 30

Technical Matters i

Manual Skills

Economic and Financial
Matters .

4,..

Conenunicatice Matters
/Exchange of Information

Management Matter ; and
Personnel Matters

Other (specify) e.g.
Legal, Social

i

Other

......_..................... .......... 300

A .13. 0.3.



---4rAme ANALYSIS

TECHNICAL MATTERS

"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

Use
of

Knowledge
Level Frequency Importance Difficulty Use IYear
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using handbooks
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Design
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WATER:-
ScAution of hydraulic problems

from first principles
usi =Pineal formulae
using computer Packages
using handbooks
using models

Solution of hydrology problems
using raw data & first principles
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.:sing computer package
using models
using systems analysis

Hv.."Tostatics
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TASK ANALYSIS

TECHNICAL MATTERS (contd.)

Use Level ofKnotviad. Froquoncy Importer Difficulty
Uu
In

Yost

"ELEMENTS'I/OF

CIVIL ENGINEERING

KNOWLEDGE
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Mechanics
Engineering
Other (please specify)
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TASK ANALYSIS

TECHNICAL MATTERS (contd.)

"ELEMENTS" OF

.

MIL ENGINEERING

KNOWLEDGE

Level of
Knowledge Frequency Importance Difficulty
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On this page please add any technical "elements" of

civil engineering knowledge that are not covered by the
previous two pages. or any other items of a technical
nature which are used in the performance of your job
and which you think should be drawn to our attention.
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"ELEMENTS" OF

CIVIL ENGINEERING

KNOWLEDGE

On this page please add any techpical "elements" of
civil engineering knowledge that are not covered by the
previous two pages, or any other items of a technical
nature which are used in the performance of your job
and which you think should be drawn to our attention.

i

1

i
1

II

I

i
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TASK ANALYSIS

Please indicate in the three sections below viz. Manual skills. Economic,artd Communication -

.1) what percentage of the total time spent on the activities connected with that particular section can be

allocated to the sub-categories of task listed in that section. Answers to nearest 10%. Percentage

column to total 100%.

t,# against thos's tasks where you have put a % figure indicate the frequency with which you perform the

task. Use cite of the code numbers 1, 2, 3 or 4 according to the notes in the lower part of page 3,

GI against those tasks where you have put a % figure indicate the importance of that task using one of

the code numbers 1, 2, 3, 4 Or 5; according to the motes in the lower part of page 3,

d) against all sub category tasks put either I or 0 (used, or not used) depending on whether you have

performed the task in the past 12 months.

MANUAL SKILLS

..am1=1,

1

SUBCATEGORY TASK
%

N I L

Frequency linporta,,,t, klie in
YOST

COMMENT

.,

iz

Po

w
4

: sz

1

p;

-
/ft

;. l

;
i

i
-

i

- §
v ,
4, , ..
3.1

4SITINE 11101.11SYMIKIIIMIL)
...---

Drav,ing & Drafting

i

Using Survey instruments

t

f

,
1

Using Laboratory or
Testing Apparatus

Other (specify) i i 1

i

1 i i .

ECONOMIC AND FINANCIAL MATTERS

' Feasibility Studies
i

,

Cost Benefit Analyses

Market Studies 1

Costing of, Costs of Projects
,

Other (specify) I
--....,

100%

COMMUNICATION OR EXCHANGE OF INFORMATION

$,VCRI TING letters, reports or
tilling in forms

e.............---..
Sketching

._

TALKING on telephone, in groups
lerturing, attending meetings as a



h V. I

ci against those tasks where you have put a % figure indicate the importance of that task using one of

the code numbers 1, 2, 3, 4 or 5; according to the notes in the lower part of page 3,

d) against all sub category tasks put either 1 or 0 (used, or not used) depending on whether you have

performed the task in the past 12 months.

MANUAL SKILLS

P.....NIII.M.J.

SUB-- CATEGORY TASK

Frequency Importance lUviim n

S' ;
2 , ac

COMMENT%
OR
NIL ĉ

:

C ;

1 1

ti
-.7 1

a
M. 2 yei.

2i
1

.>

i !

a% i2 :,s 1A 2.2 i

1
"I II
2/, - '-

1" z ; ;t ' e aka' 4 4 11 -'0

:_fray.ing & Drafting
lI

4

Using Survey Instruments
--_

, I

Using Laboratory or
Testing Apparatus

f
.

Other (specify)
i i

J

!

I1e
ECONOMIC AND FINANCIAL MATTERS

t Feasibility Studies
,

Cost Benefit Analyses

...

.

Market Studies
,

; I 4

r.-

Costing of. Costs of Projects

,
4

+

1

i
1

r
4

.

t

. 4

Other (specify)

COMMUNICATION OR EXCHANGE OF INFORMATION

:',,RI T 1NG letters, reports or
lilting in forms

Sketching

TALKING on telephone, in groups
lecturing, attending meetings as a
participant. j

PF4DING letters, reports, drawings
:ir forms. Keeps up-to-date reading
journals

l

Other (specify)
1

,

4

_
. .WO%
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TASK ANALYSIS

MANAGEMENT & PERSONNEL MATTERS

Please answer this section in the same way as the 3 immediately previous sections, i.e. indicate -

a; what percentage of the total time you spend on management and personnel activities can be allocated to

the sub-categories listed below. Answers to nearest 10%. Percentage column to total 100%.

b) against those sub-category tasks where you have put a % figure indicate the frequency with which you

perform the task. Use one of the code numbers 1. 2, 3 or 4 according to the notes on the lower part

of p.3.

ci against those tasks where you have put a % figure indicate the importance of that task using one of the

code numbers 1, 2, 3, 4 or 5. according to the notes on the lower part of p.3,

ti) against all tasks put either 1 or 0 (used or not used) depending on whether you have performed the task

in the past 12 months.

SUBCATEGORY TASK OR
NIL

Frequency Importance
U 'AP In
Year

=WENT

I

'1

1

3.1

1

213,4

1

1

1

7.24 I

I il
,..,

li 1
'

....I

,

". 116' tt i .f., . !

' ow
I
I OR

, .
!1
i

3
OF.

2;3, 4 1 0

t

PLANNING. annual plans.
cudgels. P E.R.T critical
1,,itrt work, network analysis
cirissitication and statement
of objectives

.

ORGANISING, adapting resources to
meet particular needs of jobs, defining
Procedures, assigning activities.

i .

CIPECTING, talking to staff in
reporting sessions, following progress
of work. motivating, leading, preserving
morale.

I t'l
A

.

t

CONTROLLING, comparing with accepted
Of nominated modes of performance,
budgetary control Om control, production
control.

_._ I i(
f

* i

,
F

,

.

.

i

1

+
.

CO-ORDINATING, arranging inter
departmental, inser company etc.,
discussions. Smoothing out obstacles.

INTERVIEWING, engaging staff promoting,
fir ing, staff counselling. staff appraisal
session, filling in reports on staff.

4

,

I

1

, .

LACIOUR RELATIONS, arbitrating etC.,
ciscussions with bodies representing
croups of staff or labOur. salary and wage
(tiscussions.

,

i

#
1,

I ;

,

w

GENERAL PERSONNEL MATTERS,
absenteeism, health matters, arguments,
worries, anxieties, frustrations of staff
and labour.

i

i
?

i

)



mie St 4%., 1- s

b) against those sub-category tasks where you have put a % figure indicate the frequency with which you

PerfOrm the task. Use one of the code number' 1. 2, 3 or 4 according to the notes on the lower part

of p.3,

ci against those tasks where you have put a % figure indicate the importance of that task using one of the

code numbers 1. 2, 3, 4 or 5, according to the notes on the lower part of p.3.

d) against all tasks put either I Of 0 (used or not used) depending on whether you have performed the task

in the past 12 months.

SUBCATEGORY TASK

Frequency 1 Importance
Use In
Year

COMMENTv.
OR
NIL

;

1 ,
{ ! Iii
!; li

I
1

I

1 !

I

gH , 1

Ill..S.
! ,I / I, i

it I
1

41
4 2 ; 3 4 i5

PLANNING. annual plans,
oodgets. P E.R.T . critical
path work, network analysis
cirissification and statement
of objectives

t
,

1

1

1
?

.

(;);:iGiii,NisING, adapting resources to
meet particular needs of jobs, defining
procedures, assigning activities.

,

i 1

,

j

, ,

,

,

;

r.IFIECTING, talking to staff in
reporting sessions, following progress
of work, motivating. leading. preserving
inprate.

,

,

i
,

CONTROLLING. comparing with accepted
o' nominated modes of performance,
budgetary control time Control, production
r;On trot .

1
;

.

.

,

,

CO-ORDINATING, arranging inter
departmental, inter company etc.,
discussions. Smoothing out obstacles.

.

, ,

, ,

INTERVIEWING, engaging staff promoting.
t,i mg, staff counselling, staff appraisal
session, tilling in reports on staff.

k

#

.

.i
,

,

#fr

1

I

. LABOUR RELATIONS. arbitrating etc.,
discussions with bodies representingcroupsof staff or labour, salary and wage
discussions.

GENERAL PERSONNEL MATTERS,
absenteeism, health matters. arguments.
v.'orries, anxieties. frustrations of staff
and labour.

;
,

c

, !

1

,

.

STATISTICS on labour and staff,
compiling returns for accountants.
government departments, etc.

ihr 0

,

SAFETY MATTERS, dealing with
safety regulations, policing safety
precautions etc.

111 14.,

OTHER (specify)
4=. I
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TRAINING ANALYSIS

1. 11M,
The foltuvting series of questions seek information on training for the

with. Of part of, civil engineering fobs. Each question seeks information

of the categories of task heading the columns on this and the next page,

manual skills, economic matters, communication matters and management

'..'

CATEGORY OF TASK
various tasks associated

with respect to each
viz. technical mailers.
matters.

TECHNICAL
MATTERS

The knowledge needed to perform the task - was it part of your post-secondary/tertiary

Please Il101cate by writing a number strongly
selected from the 4-point scale. emphasised emphasised

training?

some
martian None

I 1 , 1

1 2 3 4

Kis practir.il experience been of importance in the acquisition of skill

k Please indicate by writ.ng a V
nuer ;-,elected from the

ary
nib much much

4-point scale

in relation to this task?

some li
very
ttle .

i -T i
1 2 3 4

.h..: Co you think I the best pattern of training for acquiring the knowledge required for the

per forthuoce of the task? Select one of the following for each of the categories of task. Full
tirnr- course Full time followed by part-time, Part-time. Sandwich /block release. T.W.I.

ltraining within vivlustry) Short intensive course. Correspondence, Self learning, Other.

Pleesse indicate whether the Courses should be at degree or sub-degree level.

The following lists most of the ways of acquiring knowledge -

Liv t.ctuh: 0 Demonstration. laboratory & outside 5

T,...to,1,., I Practical participation/field work S

Au:lo-v1 ,.al rriethoos 2 Simulation/decision making games 7

trIfIl vl (:i. 0 prOjent 3 ,. the job instruction 8

orouy prvier 4 Practical Job experience 9

ill:r1 of these have you had experience of? Please circle number.

Veldt is the best way of acquiring the knowledge tOr tile performance of the task? Please
state up to 3 answers in order of priority.

.

r..--
To *hat extent Is your post-secondary/tertiary training specifically
of the category of task?

P ic..i.it,e indicate by writing a number almost
se!ectea from the following 4-point all much

, scale,

used in the performance

e
some tivttle

ry

t t i 1

1 2 3 4

i......_

To wh;it extent do you believe your post-secondary/tertiary training has provided. in

relation to each of the tasks -

iii Tailic..iples *MHO you Caii apply,
t-,1 ri basic ground work of facts,
ci knowledge of where to find the information,
It ln understanding of the language or jargon,
ei nO value at all?

f

.............., ................--...
I

t*I,'W. 10 'coo view your post-secondaryttartiary training? Please indicate by ringing one of

mw rIonibefs on each of the following 5-point scales.

11
1 2 3 4 5r.....- I

too tow general
-1-

about too many general
principles of civ.ene. right principles of clv.eng.



Please indicate by writing a number strongly
selected from the 4-point scale. emphasised emphasised

1100141

mention

1 2 3

Piss practical experience been of importance in the acquisition of skill in relation to this task?

Please indicate by Awing a Very very
number ,e,lected tram the much much some little
4-pOont scale

1 2 3 4 S........

...--- ...-
voi . co you think ,., the best pattern of training for acquiring the knowledge required for the

vet tormjilLe of the task/ Select one of the foltowing for each of the categories of task. Full
nth«. course Full time followed by part-time, Part-time. Sandwich/block release. T.W,1.

(training within industry) Short intensive course. Correspondence. Self learning. Other.
Piedse ridicate whether the courses should be at degree or sub-degree level.

a

The foilrming lists most of the ways of acquiring knowledge -

Li %. : '...1.....1t.:,, 0 Demonstration, laboratory & outside 5

7%.,IL.i,,,. 1 Practical participationffield work 6

Au.:,o-v,i, it rrittiuds 2 Sintulatrontdecision making games 7

Ina, viclei,i1 pri.itect 3 *_ the gob instruction 8

Group protect 4 Pi.ictical job experience 9

V.hi.. ;r, of these have you had experience of? Please circle number,

voids is me vest way of acquiring the knowledge for the performance of the task? Please
state up to 3 answers in order of priority.

.

.

To 6riat extent is you post-secondary/tertiary training specifically
Of the c.itegory of task?

P:ease Indicate by writing a number almostse'ezted from the following 4-point aft much
SC,ite.

used in the performance

WWI
Some little

.

1 2 3 4

To what extent do you believe your post-secondary/tertiary training has provided. in
relation to each of the tasks -

di :-IruiL.rpfes which you can apply,
t, it basic ground work of facts,
c knowiedge of where to find the information,
di an understanding of the language or jargon,
tri no value at all?

$.4,:,y. z.c. yo,1 view your past - secondary /tertiary training? Please indicate by ringing one of

' the numbers on each of the following 5-point scales.

1 2 3 4 5
.ii _______.

.

r,.. 1
abouttoo few general too many general

principles of div.eng. right principles of civ.eng.

1 2 3 4 5

br I I

too tint detailed factual, about too much detailed factual
subject content re civ. eng. right subject content se :iv. ;mg,

.?., ci 1 2 3 4 5
;

too little about too much

'general engineering educations` right "general engineering education's

A 13 . p . 1 0



TRAINING ANALYSIS

CATEGORIES OF TASK

ECONOMIC AND
FINANCIAL
MATTERS

COMMUNICATION
MATTERS/

EXCHANGE OF
INFORMATION

MANAGEMENT
MATTERS AND
PERSONNEL

MATTERS

OTHER (cily)



OD,

O.S. QUESTIONS

r - Fur an., of the following questions, please continue your answer on a separate sheet, it more

spade IS fleCOSS.try.

MO.

CIO you enjoy your pust-secondary/tertiary
,saucaliCh program overall? Yes or No. If
not wily?

ititiat am you like most about your post-secondary/
tertiary education progf am?

bilMMEMMol.-...
IN r7 relation to the problems you meet and the
types of mark you gave to do today, have any
maior deficiencies in your post - secondary /tertiaryry
training become apparent? It so, what are they?-
Yhat 101)14;5, of value in carrying out your work
were omitted from your post-secondary/tertiary
training?

AmMlwIwIP.M.

oth relation to your V.urk as it affe:ts the
covirnunity lenerilly what topics do you
rlon% you should have studied, Or Skills
you should have aCauired.

11)=omMPM, .........~MIN/111.=

.',h,tt topics or skirls nave you had to acquire
rothriat forrinI courcesil

,..?,, ,sre tr,c. cr Iter.a ut success in your too
.15 yUu See them?

, For what ;trio ,it what level dO you think your
post secondary, tertiary training most fitted
you?

i

.0.
4

L, Id VOOr post,secunciary /tertiary training develop
$1t.:Is f rt te..IntCfti decision making. Or value
!ouctements, If SO, which parts of your training
..,e,e 10St effective?

MIMINNI......

) DI your post - secondary tertiary training
encourage (ma assist you to -
(Si rieverc.ip your own *rheas and use your

P.owri icieds, or
tO encourage you to use traditional methods

to Solve your problems?

i
t_
t

: I you find greater use for your own !den
lea5e give examples.

coking ahead to 1980 what do you think will
the major differences in civil engineering,

d what nnvi approaches or subjects should

-----..... ------ .



What did you like most about your post- secondary/
tertiary education program?

,rm relation to the problems you meet and the
of work you hive to do today, have any

major deficiencies in your post- secondary/tertiary
training beCunie apparent? If so, what are they?

Oinat topics of value in carrying out your work
were omitted Iron, your post - secondary `tertiary
training?

relation to your .t.1:"K as it affects the
community nvn...rallv what topics do you
trim% you stiouil 0.tve 6tuateo, Or SAS
you should have aC4uirecl.

topics or ;kilt, nave you had to acquire
1.1trv,ut cc,,irses1

s'e ,sir f tYr. , tit success in your jou
is you co-e them,

11.
411.

For vflat ono .it what level do you think your
postseconda, y tortral y training most fitted
you,

L, 13 yOuf Post secondary/tertiary training develop
(.1 te.rulfC,I4 det.,Ision making, or value

!,411:tents, It so. which parts of your training
'lost etrectivre,

Oil your post-secondary/tertiary training
encourage and assist you to -
far Ieveloo your own ideas and use your

5;tn trieaS. Or
its inCourage you to use traditional methods

to solve your proolems?

I you find greater use for your own ideas
1,1eAsi: give examples.

voicing ahead to IS80 what do you think will
the major differences in civil engineering,

a d what new approaches or subjects should
crvIt engineers of all grades be taught today
tO better fit them for work t 1980?

A .13. p.12.



RESPONSIBILITY RATING

Please read the notes overleaf on responsibility rating before answering this page.

In each of the columns opposite please indicate
the number of staff of that type. fOr whom you
are responsible, i.e. you supervise, you Control
ia ary i where applicable), you select and
engage, you discharge or fire, and you assess
annually etc.

l
i Z:c 23 a i. ei O

et 011
lia

OFFICE LSE
ONLY

Number
-r

Number Numberi Number N

Answer the next 4 questions by putting a tick in the box applicable
to your position in the organization.

Incidental expenditure,
running expenditure -
cheque signing limit

less than
$25

$25 to
$99

....
$100 to
$249

$250 to
$1,000

above
$1.000

Capital expenditure
limit

less than
$100

$100 to
$500

$501 to
$2,500

$2.501 to
$10,000

above
$10.000

Value of plant and
equipment for which
responsible

less than
$1,000

$1.000 to
$5,000

$5.001 to
$25.000

$25,001 to
$100,000

above
$100,000

Value of work or
Protect for which
responsible

less than
$5,000

$5,000 to
$50.000

$50,001 to
$500,000

$500,001 to
$OL

above
SR

Please answer the next 5 questions by putting a ring around a
number on the 5 -point scale.

V;hat responsibility do
you take for Technical
decisions?

All work checked accepts all
by someone else responsibility

1 i I I t

1 2 3 4 5

Vela t connection do
you nave with policy
rnaioni?

No connection
Ve/ much connection

1 1
i an A Involvement*

.

1 2 3 4 5

How much are you
involved in policy
interpretation?

too ter down fine merely a great deal
foliqw instructional_ i t I

i

1 2 3 4 5

What responsibility do
you take for safety of
staff, and safety of
construction?

low hl
responsibility retonsibliity

i i i i

1 2 3 4 5

;olio social
rt,ponsibility ana
leq.it responsibility?

low high
reitfalsibility responsibilityi 1 l

1 2 3 4 5

What IS your annual
salary'? Mewl. place
a tick in the relevant
box.

less than
$4,000

$4,001
$5,000

$5.001
$5,000

$5.001
$7.000

$7,001
$9.000

$9.001
$9,000

$9.001
$10.000

over
$10,000



I

Answer the next 4 questions by putting a tick in the box applicable
to your position in the organization.

Incidental expenditure,
running expenditure -
cheque signing limit

less than
$25

$25 to
$99

$100 to
$249

$250 to
$1,000

i

above
$1,000

f .

Capital expenditure
limit

less than
$100

$100 to
$500

S501 to
$2,500

$2.501 to
$10,000

4

above
$10,000

Value of plant and
equipment for which
responsible

less than
$1,000

$1,000 to
$5,000

.

$5.001 to
$25,000

*

$25,001 to
$100.000

above
$100,000

Value of work or
Project for which
responsible

I

less than
$5,000

$5,000 to
$50.000

$50.001 to
$500,000

$500,001 to
$9A.

above
SM.

Please
number

answer the next 5 questions by putting a ring around a
on the 5-point scale.

.

!'that responsibility do
you take tOr Technical
decisions/

All work checked accepts all
by somItObe else responsibility

1
i I I

1 2 3 4 6

Vinat connection do
you nave with policy
making,

No connection
Very much connection
soinvolvement

1
t t

1 2 3 4 5

Hov, much are you
involved in policy
Interpretation,

too far down line merely a great deal
follqw !.istructionsi i 1 I

1 2 3 4 5

What responsibi l itow
you take for safety of

y dd

staff. and safety of
construction?

hil
responsibility rerponsibility

1
t I l

1 2 3 4 5

4 social
fe,punsibility and
i err it responsibility?

low high
reernsibility responsibility

i i i

1 2 3 4 5

.
,

inat is your annual
salary' Please place
a tick in the relevant
box.

less than
$4,000

$4,001
$5,000

$5,001
$1,000

$0,001
$7,000

57.001
$9,000

$0,001
$9,000

.-

$9,001
$10,000

over
$10,000

We emphasise that this information will be treated as confidential
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NOTES ON THE ASSESSMENT OF RESPONSIBILITY IN A JOB

i-Ht .suonsibility is associated with any engineering job, and a number of attempts have been made to
'tetine this responsibility. Civil engineering has. perhaps, more than its share of the various aspects
of responsibility arid it is important for our study that this is not omitted from the task analysis.

In Canada the t..ouncil of Professional Engineers defines each level of responsibility by reference
to 5 factors -

I) duties
recommendations. decisions and commitments

in) supervision received
iv) leadership, authority and/or supervision received
v) entrance qualifications

tiatdeil in his study of Swedish electrical engineers defined 5 levels of responsibility -

1i executive managers in companies 100 employees
II) executive managers of small firms and heads of departments
11) ileads of small departments and heads of divisions in big firms
iv) heads of sections
vi younger engineers

Patton ix l ittlefield in their text on Job Evaluation, frequently discuss responsibility and break it ur
into responsibility for certain things: e.g. in the case of salaried and clerical staff it is responsibility
for determining and applying company policy. for money and materials, for confidential data, and
executive iespon%ibility. Again, when evaluating executive positions, responsibility is broken up
Into initiative, accountability, effect on profits, responsibility for personnel relations, for policy
making and policy interpretation.

i'e Fic.tz' Comparison methci, re-,ponsibility is defined as what is entrusted to him that is valuable
:ompaly and that may be affected by his decisions and judgements.

4'irieln coming to combination approaches and special plans, accountability is defined as the requirements
of independent responsibility for what happens. Since results are measured in terms of financial health
&Li growth. responsibility winds up sooner or later in terms of money. This phrase 'in terms of money'
seems to be one of the keys in assessing responsibility. Supervision, given and received, also is an
important factor. Safety questions, social responsibility, are also involved.

A possible scheme for assessing responsibility can be based on the following factors:-

1. Number and type of staff for which responsible.
2 Incidental expenditure, running expenditure, cheque signing limit.
3 Capital expenditure limit.
4. Value of plant and equipment for which responsible.
5. Place in organization hierarchy.
6. Responsibility for technical decisions.
7. Connection with policy making.
8 involvement in policy interpretation.
9 Safety decisions.

10. Social responsibility and legal responsibility.

A useful check i:utild be the salary associated with the job because in any organised job evaluation
.in.1 sata, y grading system responsibility is one of the major factors considered when putting a salary

: an i tab

A scheme or the above lines has been detailed on the page entitled Responsibility Rating. No claims
aie made for its correctness. in fact, there are some obvious defects. However, it is a serious attempt
to come to grips with the problem of quantifying responsibility in a job.

4.13, P.
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