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le 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
Enginecering Course" document produced by the University of Melbourne.

"At tne same tine, the graduate civil e-~gineer obviously
muct have mastered a basic stock of kn . ledge and
technigue which can be brought into pla, and applied
with little or no delay. Can this essential stock of
bucic knowledge und technigues 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 aeed to be mastered
to this degree of thoroughness and which would not,"

We believe we have produced such a list.

Qur 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
Austrualia. 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 & major task in itself. Random mailing of questionnaires,
however, based on a lict provided by a professional institution
could not, we believe, produce valid results.

In a cross disciplinary study of this type it is easy to
establich 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 sentencCes. 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 best might be described as whims. We do not
suggest 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
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curriculum evaluation is clearly needed. Perhaps the spirit of our
comments is best caught in a comment C.P. Snow made concerning the
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war eoffort.

He had "a gift which made him invaluable in the war, and
which this country has not recognised sufficiently, of being able
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How far are our current curricula encouraging this depth of
insight?

The project was @ team effort but the blame for the content
and :nteryretation in the report must be left with the authors.
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2. SUNMARY

A study o!f the relitionship between civil engineering practice
and stucent cources i described in the report. In order to make
the resuits represeniutive of civil engineering practice considerable
time was devo.ed to quaatifying the industry. As this work progressed
it became apparent that availuble resources would enable only that
part of tine industry in N.,S5.W. to be examined.

The st .1y was cuncerned mainly with civil engineers and
techniciuns, vul beCsuse o4 their important role in the industry data
were col.iecteu al:ic lor coustruction foremen, albeit on a reduced
scale comparea wiutn tnat collected for engineers and technicians.

After obtaining quantitative information aiout 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 il became apparent that insufficient time was available.
This, couplieu with the reguirements of the sample size, forced the
adoption 0. a wmaiieda questionnaire procedure. At this point the
project cowaiitee decided that the change to mailed questionnaire
provided an opportunity to examine the utilisation of part of a
standard civili engineering curriculum, and a separate questionnaire
was developed, pased on the design section of a curriculum. Thus
three guestionnalres were eventually distributed, 1) a Task Analysis
guestionnarnire aimed al collecting data on the tasks performed by
engineers aaa tecanicians and their views on training and deficiencies
in training, 2) a Curriculum questionnaire to collect Jata on the
utilication ol the compunents of a 'standard' curriculum dealing
with the design of siructures, and 3) a simple gquestionnaire
distribuced at a lower sampling rate to construction foremen seeking
information on tne Lasks performed and their views on traininge.

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

For mucn of tne data analysis relatively simple techniques
were found to oe tne most efficient and expedient but sophisticated
procedures were used to follow some guidelines established, and for
the complete analysis of some sections where we believed the more
complex programmes haa advantages. The amount of data cvollected 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 ¢ alification, type of employer, and age
were uscd in adaition.

Tne principal results s owed that engineers engaged on design
had a difterent work profile f.-om engineers engaged in construction,
the former nad a larger technical matters component than the latter.
Economic ana financial matters were of considerable importance to
enginears, particularly construction engineers and those engaged on
such work as easibility studies : management matters were also of
conside .ole imporvance particularly again to construction engineers
O 1nd those in tae 'other work' group. In the technical matters
ERi,section whicn listed 63 'standard' items the items most used by
" construction engineers differed from those most used by design engineers.
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crovided an osportunity to examine th2 utilisation of part of a
standard civii engineering curriculum, and a separate questionnaire
was develo.ed, oased on the design section of a curriculum. Thus
three questionnaires were eventually distributed, 1) a Task Analysis
questionnanire aimed at collecting data on the tasks performed by
engineers ana tecanicians and their views on training and deficiencies
in training, 2) a Curriculum questionnaire to collect data on the
utilisation of the components of a 'standard' curriculum dealing
with tne design of structures, and 3) a simple questionnaire
distribuced at a lower sampling rate to construction foremen seeking
information on the tasxs performed and their views on training.

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

For much of the data analysis relatively simple techniques
were found to oe the most efficient and expedient but sophisticated
procedures were ased to follow some guidelines established, and for
tne compiete analysis of some sections where we believed the more
complex grogrammes haa 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 tvpes of work - design, construction, and other
work. 1In some cases Lvpe of qualification, type of employer, and age
were used in adaition.

The principal results showed that engireers engaged on design
nad a difierent work profile from engineers engaged in construction,
the former nad a larger tecnnical matters component than the latter.
Economic ana financial matters were of considerable importance to
enginears, particularly construction engineers and those engaged on
such work as Jeasibility studies : management matters were also of
considerable imporiance particularly again to construction engineers
and those in tne 'other work' group. In the technical matters
section waich listed 63 'standard' items the items most used by
construction engineers differed from those most used by, design engineers.
Also many items were found to be used either not at all or very little.
The items in the technical matters section most used by the three groups
of technicians were similar to engineers in the same work classification
rather than to each otner. In generul the technician groups used fewer

2.




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 mora time on manua) 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 shoulq be carried out, the major view was that a combination
course of theory and practical job experience was the superior method.
Pechnical eificiency 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/eqnipment 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).

some of the voluntary comments made to the authors by persons
in the civil engineering industry about civil engineering tra.ning 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 gemeral. The overall
recommendation is that more suhstantial 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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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, Austraiia, (rather than
being concerned with the implications for the overall curriculum posed
by an acceptance of the traditional meaning of the word professional).

Some of the voluntary comments made to the authors by persons
1n 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.
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3, TERTIARY EDUCATION, AND SURVEY OBJECTIVES

3.1, TERTIARY EDUCATION

A relationship between the practice of a vocation und the
trainirs for that vocation must exist. It should be readily discernad
and easily demonstrated. If the daily tasks ausociated with a
particular vocation are examined one would expect to see a relationship
between these and what is offered during the training for that vocation.

with 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 th-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 publish:d in August 1964, after three years work by its
fifteen members, headed by Professor Sir Leslie Martin. 1In 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 C-mmonwealth Government in planning the longer
term program for the establishment of colleges of advanced education
a committee was assembled under the chairmanship of Dr 1.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 Cogmittee on
.dvanced Education. The terms of reference stated that it "shall
furnish information and advice to the Minister on matters in connec tion
with the grant by the Commonwealth of financial assistance:

a) to Commonwealth Institutions, other than universities,
teaching at the advanced education level and

L) to the States in relation to institutions, other than
universities, t-aching 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
evclusion of teacher training colleges.

The first meeting was held on 29th October 1965.
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Commission was publishod in August 1964, after three years work by its
fifteen members, headed by Professor Sir Leslie Martin. 1In 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 Commorwealth Government in planning the longer
term program for the estsblishment of colleges of advanced education
a cammittee 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
.dvanced BEducatirn. 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

) 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

Report of the Committee on the Future of Tertiary Education in
Australia to the Australian Universities Commission.

Appendix B. page 57.

Colleges of advanced Education 1967-69.

First report of the Commonwealth Advisory Committee on Advanced
Bducation, June 1966, published by Commonwealth of Australia.
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The recommendations were detailed and covered all aspects
associated with the development of colleges of advanced education
across all the Australian States.

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

The second report of the Committee devoted some space to the
educational research program.* In sub-section 8.16 the selection
of four broad areas for research during 197072 was mentiocned, and
in sub-section 8.18 specific reference is made to the need to study
the relationships between the colleges and industry - "!a 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 Common:ealth 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.

3.2+ Survey Objectives

The nature of the survey and its objectives,suggested by
Dr. E.Kichardson,were 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. Doyle- together
with Dr. G.J. Haggarty, Head of the School of Civil Engineering at the
N.S.¥., 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 Foundatioen
in the Philippines.

- m—— -

The application to the Committee for funds contained a preamble
dealing with the purpose of the project. It said "Many problemsare
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 becaise 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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dealing with the purpose of the project. It said "Many problemsare
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 because 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. technician 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 is seen as a means of overcoming the very poor
feedback from those involved in the practice of engineeriug 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 teo
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,
¢) 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



Although the results will be of direct applicability to
courses in civil engineering, it is hoped that they ¥ill serve as
a model upon which other courses can be based. This projéct 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, €.8.
a) skill required, b) responsibility involved,
¢) 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 educuztion

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 jdentify 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:
u) 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. 1Is
there an interchange of employment? If so, is it related
to a) personality b) aptitude as compared with academic
qualifications?
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2) Effect of different course patterns on initial
employment (between six months and three years).
Is the saniwich principle as sound in practice as
theory?

2) 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
@ 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 rart A would be reached with any certainty in a meaningful
way.

It is perhaps & 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 crganised 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 advence 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 organizatione.

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
¢) selection and setting up of a suitable sample
d) employment of instruments over sample.

2) Allocetion of tasks to engineer a technician

e.g. a) skill required, b) responsibility involved,
¢) frequency of task occurrence.

3) Production of a suitable curriculum or part of, based
on the results of the survey.
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There were various unstated objectives and fopes. 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 o€ believing the methodology we developed and adopted
could and would be applied unaltered tc other vocaticnal 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
Messrse. A.J.U, Bull and M.J. Payne; the former a biologist and
engineer with wide experience in managing research progrums 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 My, Michael Davis,
a fourth year student in the School of Education at Macquarie
University, provided part-time assistance.
—

The resources of botl Macquarie University and The N.S.W.
Institute of Technology were made freely available to the survey
team throughout the duration of the project.
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b, CIVIL ENGINEERING, DEFINITIONS AND POPULATION

4,1, DEFINITIONS

A number of terms were used in the statement ol the
Research Objectives, e.ge civil engineer, civil enginecring,
technologist and technician, and in.order to avoid confusion it
was thought desirable to define them early in the study.

bele1, Civil BEngineering

Two definitions of civil engineering are

1) "The principal branch of engineering concerned with things
constructed ag 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 druwing a line of demarcation.

In broad terms therefora domestic building apart from large projects
involving high rise construction was decided as outside the scope
of the term "civil engineering".

L,1,2. Technologist and Teci.nician

The term technologist is 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

o distinction between a professional civil engineer on the one hand and
ERIC sub-professional staff and technician on the other hand.
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technologist and technician, and in order to avoid confusion it
was thought desirable to define them early in the study.

bo,1.,1. Civil Ensineering

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 wes 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 2 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 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 reople unfamiliar with the distinction.
On the other handi 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 descrintive word such as mechanical,
chemical, electrical, or civil is ustally taken to mean a professional
engineer engaged in the mechanical, chemical, elestrical 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 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 hes a lot to commend it from a semantic viewpoint. The
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verb'engineer’in 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 abality 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 oi 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 cnnference 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 basgis 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 scieatific
method and outlook to the analysis and solution of
engineering problems. He is able to assume personal
responsibility Tor 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 intellectuval 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 worlde-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.

ERIC "His education and training will have been such that
B 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 atteupt that reads well is: +

"technologist has the qualifications and experience
regquired 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 coull 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 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 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 hie bhranch 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.

"Hig educaticn 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
ingight into the special features of his own branch.
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.0. U.K,
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The tecnnoiogist or professional engineer thus seemed well
on the way to definitione

lionever, we were bothered by the adjective professional
but founa 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 oi a recognized engineering institution.
In Australia suchi an institution is the Institution of Engineers -
Australia. However, the Institution states clearly + "the only
accep-able methoa of meeling 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 educalional rejuirements 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 poirt out that this is only a part of
the issue, the work carried ou® 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
alsc 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 professinnal. Perhaps
the use of the term chartered engineer has much to commend it.

Coming 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 absut 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“professional”and lowers those labelled
sub-professionalt The realities of life, however, are suchL 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
hy professional engineers.

Under general professional engineering direction, or
foliowing 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 techrician requires an education
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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 rejuirements and whilst one does not deny
that educationul 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 1:sue, the work carried ou: by that individual influences his status.
Thus it is not impossible for au 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
cf ever receiving the label "professional engineer". Therafore, whilst
we ucsed 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 descrive an engineer nas led to the support staff or technicians
being described as sub-professional staff. A lot of comment has been
passed absout the term sub-professional but it has a very limited meaning.

Anybody who is not a professzonal is non-professional.

The prefix sub both elevates “professional”and lowers those labelled
# sub-professionalt 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 prolressional engineers.

nder generai professional engineering direction, or
following established engineering techniques, he is
capable of carrying out duties which may be found among
tne list of examples set out belowe

In cerrying 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
enginearing, 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 :0llowing 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.
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"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; wuse of surveying instruments; operating,
maintaining, and repairing engineering machinery, plant

and engineering services and locating defects therein;
activities coanected 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 &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 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 technolngy, but who may also be applying proven management techmiques
e.g. the foreman, supervisor, and overseer, would be covered by the
definition.

Qur definition for a technician would therefore read:

"A person expert in applying specific proven technigues
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 civile For a
civil engineering technician a modified version of Young's definition
is used.

4b,1,3. 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 exrert 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 wedid 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
technigues. Thus the technician not only applying proven techniques
in technology, but who may also be applying proven management techniques

e.g. the foreman, supervicsor, 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 problen requires further consideration, whilst our definition
of a technician has been extonded to include management techniques
associated with technical skills a:id 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.
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+ A foreman supervises the work of skilled craftsmen
(or tradesmen), and unskilled workers, may also
work himself as a skilled craftsman or tradesman,
and 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 wihom we were
interasted, bu: it differed from that dealing with a technician.
Tne view has been expressed that civil engineering needs basic
generil technicians and more specialised technicians. * 1In the
same way our examination had revealed that two categories of
person were involved - technician and foreman.

Fhese, however, may not entirely equate with the two
categories mentioned by Stoker'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
tt.ere 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

Le2,1, Civil Engineering Data

There were few data available concerning the ~ivil engineering
population. This was not entirely unexpected, but th: collection of
statistics is time coasuming and well over six months were spent
assembling quantitative data on civil engineering ~f sufficient
accuracy to enable us to proceed with some confidence to the main study.
During 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.
Untnappily, also, it became apparent as the collection of data proceeded

+ 1., Kangan, M. The duties and training of foremen, Personnel Practice
Ralletin (Bulletin of Industrial Psychology and Personnel
Practice). Vol. 2 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.
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This definition thus covered the man in whom we were
interasted, 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. * 1In 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 Stoker® 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
ttere will be areas of overlap between civil engineer and technician
during their everydayv 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.

Le2e CIVIL ENGINEERING POPULATION

L,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 si1x months were spent
assembiing 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
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, 2 short questionnaire was prepared and circulated to members
of ‘he 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 poesible 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, pp.32-39.

2. Mandell, M.M, & Duckworth, P. The Supervisor's Job: A Survey. Personnel
Vol. 310 No. 5 March 1955 ppo456-2+62, Sept. 1955 PO?SO

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.0. London, U.K. 1967.
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that our efforts could have to be confined to N.S.W. only; collection
of iata 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 aue sample to be representative, therefors,
it was necessary to have quantitative information about the entire
¢ivil engineering industry.

Had we decided to select a sample on an arbitrary basis no
data concerning the technicians existed to permit even this. 1In the
case cof 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.¥. as we later discovered).

bo2.2. Model of Civil Engineering Industry.

. e - —

Employers of Civil Engineers

Farly 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

Teaching A = area/type

of work
General A Sales
Industry

E = employers of

Contractors civil engineers R & D/Investigation

Consultants E Feasibility studies, economic

studies, planning, cost benefit

l.ocal Govt. analyses, etc.

Authorities Maintenance
Government
Departments Construction

L = level of skill
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Employers of Civil Engineers
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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. 1In 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).

e
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ho2.,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

Teaching . A= agea/tipe
of wor

General A

Sales
Industry

‘ E = employers of

Contractors civil engineers

R & D/Investigation

Consultants E Feasibility studies, economic

studies, planning, cost benefit

Local Govte. analyses, etc.

Authorities Maintenance
Government |
Departments Construction

L = level of skill

L
1 a -
Unskilled Technicians Graduates
Labour
Tradesmen Special Professional
& Technicians Engineers

Craftsmen

Enployees in Civil Engineering
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For dimension A - the areas of work, the model for this
dimension compared favourably with the labour and Industry survey,
which was confined to the Professional Engineer Level, but covered
all engineers. This is shown in the following table:

"ABLE 4.2.7, Comparison between models of dimension A - areas
of work, between the present survey and the
Department of Labour & Industry survey.

' PRESENT SURVEY DEPT. OF IABOUR & INDUSTRY SURVEY

E A11 Construction Cons’ruction/Installation

; A12 Design Engineering design

| A17 Feasgsibility studies Planning including long range and

f -7 resource planning, evaluation of

j capital.

% A1“ Yaintenance Maintenance of plant, equipment

{ and transporte.

i A, Rescarch and Research/development/exp2rimental

: 7 gdevelopment engineering and testing

A1é Sales 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.

The complete three-dimensional model can be reduced to a
ceries of two dimensional models each concerned with one level of
~kill. They are represented qualitatively in the following tables,
where X represents empty or near empty cells as discerned from
the Latour & National Service survey and also our knowledge of the
activities involved.
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As the study of the population progressed the dimension B,
i.e. employers of civil engineers was modified as follows:

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

b) Teaching was excluded;
and the final classification of the E dimension was therefore:=

E1 = Commonwealth Government

=
L}

> State Government

2]
(i}

3 Local Government

E“ = Consultants

53]
n

Contractors

E6 = General Industry.

The listing compared favourably with that used in an earlier
investigation carried ou: 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
enginesrs 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

A11 = Construction

12 Design

A
A,'3 Feasibility studies
A

14 = Maintenance
A15 = Research and Development
A = Sales

16
Level 2. Technician

A21

Aaa Surveying

Drafting

A

2% Lavoratory work (viz. Quality control and materials testing)

A., = Construction (viz. General Foreman)



and the final classification of the E dimension was thereforei=

E Commonwealth Government

1
E2 = State Government
E3 = Local Government
E“ = Consultants

ES = Contractors

EG = General Industry.

The listing compared favourably with that used in an earlier
investigation carried ou* 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
enginezrs 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
A11 = Construction
A12 = Design
A13 = Feasibility studies
A,“+ = Maintenance
A15 = Research anl Development
A16 = Sales

Level 2. Technician

A21 Drafting

A

22 Surveying

A23 = Laboratory work (viz. Quality control and materials testing)
A,, = Construction (viz. General Foreman)

Level 3. Foreman

A31 = Construction

* Department of Labour and National Service Survey conducted 1971.
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TABLE 4.2.2.

Level L, - Engineer

Employer (E) Area of Work (A)
= o £
o = = | =
5|5 3 < O
S l1a | & 8 | Z i
x | @ bt B ] =
&= | M 0 = % <
2] a < -t = L 2]
s17 || E B
al
SYMBOL A11 A12 A13 A14 A15 A16
COMMONWEALTH GOVT. E1 X
STATE GOVT. EZ X
LOCAL GOVT. 33 X X
CONSULTANTS EQ X X
CONTRACTQRS E5 X X X
CENERAL INDUSTRY E6
TABLE 4.2,3, Level L, - Technician
EMPLOYER (E) Area of Work (A4)
DRAFTING SURVEYING LABORATORY BUILDING
(Draftsmen) (Survey WORK &
Technicians) | (MATERIALS | CONSTRUCTION
TESTING &
QUALITY
CONTROL)
ISYMBOL A21 A22 AZ5 AZ&
COMM,.GOVT. E1
STATE GOVT. EZ
== LOCAL GOVT. 33




2 & % oo
2 | = ) < 3
Sl |E |8 |2 |&8
& | @ H £ )
B | M 0 = 7 <
7 =) < = & %
2 2| 2|5
o
SYMBOL A11 A12 A13 A,“+ A15 A16
COMMONWEALTH GOVT. E1 X
STATE GOVT. E2 X
LOCAL GOVT. E3 X X
CONSULTANTS EQ X X
CONTRACTORS E5 X X X
GENERAL INDUSTRY E6
TABLE 4.2,3, Level L, - Technician
EMPLOYER (E) Area of Work (A)
DRAFTING SURVEYING LAEORATORY BUILDING
(Draftsmen) (Survey WORK &
Technicians) | (MATERIALS CONSTRUCTION
TESTING &
QUALITY
CONTROL)
SYMBOL A.. A22 A23 AZQ
COMM.GOVT. E1
STATE GOVT. E2
LOCAL GOVT. E3
CONSULTANTS E4 X X X
CONTRACTORS E5
GENERAL IND. E6
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TABLE 4.2.4. Level L. = Foreman

5
Area of Work (A) |
Construction
Symbol A25
C'WEALTH GOVT. E,
STATE GOVERNMENT E2
LOCAL GOVERNMENT E3
CONSULTANTS E4 X
CONTRACTORS E5
GENERAL INDUSTRY EG

h,2,3, 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 Ey,
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 gquantitative
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 wnich 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 E1 - COMMONWEALTH GOVERNMENT

A list of departments employing Civil Engineering staff in
the Commonwealth Government was obtained from the Commonwealth
Public Jervice 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 great dearth of information on area
nf work, since the number of civil enginecering staff in each department
is small, thus not allowing for specialization. The following structure
was obtained,
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TABLE 4.2.5.

.

COMMONWEALTH GOVERNMENT

[

Department Engineer Technician Foreman
L L2 E}
Works 97 92 84
Atomic Energy 6 3 5
Civil Aviation 12 10 b
Army 20 20 50
National Dev. 5 11 2
Totals 140 136 145

STRATUM E2 - STATE GOVERNMENT

with clearly differentiated and specialized activities.
take large civil engineering projects and thus
employ a range of civil engineering specialist
state of the project, viz.
Thus employees are

organisations under

maintenance.

This stratum consists of a number of large departments

to area of work.

TABLE 4.2.6,

STATE GOVERNMENT

These

s to de.l with each
planning, design construction and
fairly readily classified according

Engineers Te«mrs.ﬁ.c.ia_@ E
i
11 %2 Pz P PPas Aoq 1R |Ra2s flau A3
C D F IM R  lrotal|Dpraft|Survey|Lab Const{Total | Construct-
ion
MAIN ROADS 200 72 66 o ol 348] s22 5 168 2 697 242
M.W.S. & )

D.Board 105} 117] 581 24 ol 304y 327| 47 27| 27 428 1,071
RATLWAYS 2] 42 0]l 50 o} 116 L8 65 65
PUBLIC WORKS | 181| &2} 39 I 4} 270 35 0 0185 220 53
HOUSING COMM. 8! 12 0 3 o 23 12 0 o] 21 33 8
ELECTKICITY

COMM. 151 39 6 o (o] 60 L5 o 0] 63 108 3
MAKITIME SkRV) 18] 24 0 0 3 L5 39 1 11| 0 51 25
MU'TUKR 'KANS, 0 5 (o) 0 0 5 16 o of o 16 19
CONSERVATION 220 148 56
TOTALS
(ESTIMATES) 6541 417] 209 97| 14 p,391[1,147] 53 2471317 11,766 | 1,590
PROPORTIONS [0.4710.30}0.15 [0.07 [0.01 .00 |0,65 [0.03 |O.14 0.18} 1.00 | 1,00
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STRATUM E3 - LOCAL GOVERNMENT

| area of work.

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

| several of the activities listed.

} TABLE 4.2.7.

LOCAL GOVERMNMENT

Since, however, the number of staff employed is small
seldom more than twenty employees are usually required to work in

] | Engineers Technicians Foremen
| A11 (Aq2 Rz [Bay |Bes Aar B2z [Ras Pou A4

; c D F M R { Total| Draft| SurveyjLab [Const.| Total}jTotal
MUNICIPALITIES | .31 .34] .16 2ol = |10} 25| .55 | .03 .15 ] 1.00f -

. SHIREs 370 .27] 16| .19) - J1.00| .32} .52 | .14 .12 | 1.00] -

' TOTALS 105, 90| 48| 57| - | 300 | 110 | 174 38 56 | 378| 453

- (ESTIMATES) |

. PROPORTIONS }o.3s 0.3010.16(0.19| - §1.00 |0.29 |0.46 ]0.100.15 | 1,00} 1.00

STRATUM E4 - CONSULTANTS

A 1ist 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 Technicians |
412 A2
Design Drafting
552 80k

STRATUM ES - CONTRACTCRS

Australian Federation of

A brief questionn

-
- N3

of numbers of staff employ- ..

the Pink Pages section of the Telephone Directory headed "contractors",
and where necessary, figues on number of staff employed at each level

24,

#»as circulated to members of the
.y otn.etion Contractors seeking details
This was supplemented by consulting




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

TABLE 4,2.9. COUNTRACTORS

) , Foremen
Engineers Technicians
X ani

C | Total | Draft | Survey| Lab. |Const.|{Total | Total

TOTALS (ESTIMATES) | 357 | 357 66 48 s2 | 165 331 669

o

i

E
LEROPORTIONS 1,00 { 1.00 ‘ 0.20 ‘70.14 0.16 J?.5O 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 &.2.10.

TABLE 4.2.10. GENERAL INDUSTRY

Engineers . Technicians Foremen
Total|Draft| Survey Lab.Const {Total| Total

t

TOTALS 1# 11

(esTimaTEs) 34 {24 | 5| 9 2| 39 M3} 7| 27 129 | 152

PROPORTIONS| 0.30[0.21|0.04|0,08}0.02|0.34} 1.00 |0.59 |0.21 0.12‘0.09 1.00f 152

o

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.

he2.b4, Quantification of Population Models.




Foremen

Euﬁineérs Techniciana
C | Total | Draft | Survey| Lab, |Const.|Total| Total

TOTALS (ESTIMATES) | 357 | 357 66 L8 52 | 165 331 669

&

i A
‘ & 1e . ' 2 . . 'y 1. 1.
L?ROPOQTIONS 00} 1.00 _{0 20 1 0.14 0.16 JO 50 00 00 B

The distribution of companies according to size, where size is
measured by the total number of staff at each level of civil
engineering, apprears 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 &.2,10, GENERAL INDUSTRY

Engineers Technicians Foremen

Total|Draft| Survey Lab.Const {Total| Total

i
TOTALS
(ESTIMATES) 3% | 2k s 9| 2 390 113 | 76| 27 151 1| 129 | 152

PROPORTIONS| 0.30[0,21]0.04}0.08]0.02]0,.34] 1.00 [0.59 |0.21 0.12!0.09 1.00f 152

™

o

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 pronject 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.

ho2.b, 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.

2.
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AS MEASURED BY THE TOTAL NUMBER OF EMPLOYEES INVOLVED IN THE FIELD OF

CIVIL ENGINEERING

DISTRIBUTION OF C NSULTING ENGINEERING FIRMS IN N,S.W. IN TERMS OF SIZE

FIGURE 4.2.2.
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FIGURE &4.2.3.
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DISTRIBUTION OF POPRULATION OF CONTRACTOR3 IN N.S.W. ACCORDING TO SIZE
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TABLE 4.2,11, QUANTITATIVE MODEL OF ENGINEER LEVEL (N.S.W.)

! ; Construc= Design Feasi= Mainten:‘Research Sales Totals
; | tion bility ance
] Ay A2 Az | Ay A6
. No. |Prop.| No. | Prop. No.krop. No.brop.mo.brop. No. |{Prog. No. Prop.
COMM. GOVT. 313 44| 0.25 88} 0.50 36'0.20 2'0.01 71 04} - - 177 0.06
STATE GOVT. Ea 6531 0.47 4171 0,30 209 0.15f 97 0.07ﬁ1k 01} = - 1,391 0,48
- {LOCAL GOVT. E3 105{0.35 90[{0.30 | 48] 0.16] 57/ 0.19 « = | = -1 300 0,10
CONSULTANTS E“ - - 5221 1.00 - - - - - - - - %2 0.19
CONTRACTORS E5 35711.00 - - - - - - - - - - 357 0.13
|GEN. IND. |E, 340,30 | 24|0.21 5{ 0.04| olo.08 2 .o2| 39 'Bﬁ 113 0.04
TOTALS 1,193 1,171 298 165 23 39 F.890
PROPORTIONS 0.41 . 0.41 0.10 0.06 0.01 0.01[ 1.00
TABLE 4.2,12, QUANTITATIVE MODEL OF TECHNICIAN LEVEL (N.S.W.)
Raq Asq A Agq
__Qnatsins__Ifgnxxsxinx._Lahn:axgzx.ggns otals |
No. | Propd No. | Prop. No. | Prop.} No. | Prop. | No. { Prop.
COMM. GOVT, 85| 0.65| 3|o0.02] 140.11] 28)0.22 | 130/ 0.037
STATE GOVT. | 1,148 | 0,65 531 0,03} 247 |0.14 | 318} 0.98 }1,766 | 0.500
LOCAL GOVT. 110} 0,29 | 17k | 0. 46 38 (0,10} 56 |0.15 378 | 0.107
CONSULTANTS 80k | 1,00| - - - - - - 8ok | 0,227
CONTRACTORS 66 | 0.20| 48 {0.74} 52 10,16 | 165} 0.50 | 331 | 0.094
GEN., IND. 76 1 0.59 | 27| 0.21 15 [ 0.12 11} 0.09 129 | 0.036
TOTALS 2,289 305 366 578 p,538
PROPORTIONS 0,65 .09 0.10 0.16 1.00




TABLE 4.,2.13, QUANTITATIVE MODEL OF FOREMAN LEVEL

A31
Construction __

No. Prop.

COMM. GOVT. 145 0.05
STATE GOVT. 1,590 0.53
LOCAL GOVT. 453 0.15
CONSULTANTS 0 o
CONTRACTORS 669 0.22
GEN. IND. 152 0.0%
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 Governmeat 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



Se SAMPLE DESIGN AND SELECTLON

S5.1. 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
ma jor factnrs 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 emploving organisation influenced the
degree of specialisation or ~riety 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 tu analyee the structure and elements involved
in civil engincering 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 popuiation, 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
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 net be used because some employees are employed in
more than cne area of work, we.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 necesrary to inflate the sample
size by about 30 per cent to allow for a possible high non-response rate.

Egig‘ 26.




(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 guestionnaire
was long and required more than one hour te complete, and much time

and effort on our part was devoted to obtairing this comparatively high
return rate. We were anxious that any conclusions drawn referred to
the real population and not just the enthusiasts who readily retuvrned
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 %, a larger sample was
taken.

(3) Zype 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 comparisor between these could be resdiiy 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 poinis in mind, the Research Committee decided upou the
following overall Sample Sizes, which are presented in Tadle 5.7,
together with their corresponding percentages (approximations only) of
the population.

TABLE $.1.1. SAMPLE SIZES

Schedules
Task Analysis Curriculum Foreman's
Level Questionnaire Questionnaire Questionnaire | Totals
Size % Size ,@G Size % Size %
1 400 1% 3200 10 - - 700 2k
(§,%) (N,©)
2 400 11 3200 9 - - 700 20
(Nzt) (Nzc)
3 - - 300 10 300 10
(H3E)
TOTALS 800 *) 600 6 300 3 1,700 18

Using the stratification procedure, the semple sizes of Table 5.1.1.
were divided proportionately among the strata Eg, with weights We as
shown in Tables 5.7.2., 5.1.3., and 5.1.4., where We represent the ratio

o >f elements within strata (E) relative to the total population.

B

Sample Sizes indicate the number of glementary sampling units.



the qucatioﬁnniro.‘ Profilcauof rohponlo_tlkcn at various tinoa
(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 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 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
fellowing overall Sample Siges, which are presented in Table 5.1,
together with their corresponding percentages (approximations only) of
the population.

TABLE;§.1.1. SAMPLE SIZES
Schedules
Task Analysis Curriculum Foreman's
Level Questionnaire Questionnaire Questionnaire | Totals
Size % Size % Size % Size %
1 400 A 300 10 - . 700 | 24
(N, %) (N,©)
1
2 400 11 300 ] - - 700 20
(Not) (Nzc)
3 - - ' 300 10 300 | 10
(H3F)
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 Eg, with weights We as
shown in Tables 5.1.2., 5.1.3., and 5.1.4., where Wo represent the ratio
of elements within strata (E) relative to the total population.

- Note: OSample Sizes indicate the number of elementary sampling units.

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

Schedule B Curriculum Questionnaire

L1}
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TABLE XML SELECTION OF THE SAMPLE = ENGINEER LEVEL - L1

N, = 700, N,T = 400 N,C = 300
: -
Stratum Weights ! Sample Size Sauple Size Total
E { L Task Anal.Q.}] Curriculum Q.| Sample
NeT NeC Size Ne
E, Commonwealth Govt. 0.06 24 18 L2
E, State Government | 0.481 192 145 337
E3 Local Government 0.104 42 ; 31 73
E“ Consultants 0.191 76 57 133
E5 Centractors 0.124 50 37 87
36 General Industry 0.039 16 12 26
TOTAL 1.000 Loo 300 700

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

NZ = 700, NZT = 40O N2C = 300
y
Stratum ! Weights Sample Size Sample Size Total
E 3 We Task Anal.Q. Curriculum 2. Samvle
NeT NeC Size Ne

E1 Commonwealth Govt. | 0.037 15 11 26
Ea State Government 0.L499 _ 199 150 249
E3 Local Government 0.107 43 32 7%
E“ Consultants 0.227 91 68 156
E5 Contractors 0.094 38 28 66
Eg General Industry 0.036 14 11 25
TOTAL 1.000 400 300 700

TABLE S.1.4. SELECTION OF THE SAMPLE -~ FOREMAN - LEVEL 3

v, = 300 T = 30
Stratum Weights Sample Size Total
Foreman's Sample Size
E W . .
e Questionnaire

E, Commonweal=h Govt. 0.076 23 25
Ea State Government 0.504 151 151
Ej Local Government 0.160 48 1+8
E Contractors 0.212 64 64
35 General Industry 0.048 14 14



| _ N,T N,C Size 39
E, Commonwealth Govt. 0.061 2k 18 Lo
EZ State Government 0.481 192 145 337
33 Local Government 0.104 L2 " 34 73
E“ Consultants 0.191 76 57 133
E5 Contractors 0.124 50 57 87
Eg General Industry 0.039 16 12 28
222&& 1.000 Loo 300 700

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

N, = 700, N,T = 40O N,C = 300

Stratum ! Weights Sample Size Sample Size Total

E ; We Task Anal.qQ. Curriculum Q. ngple

NeT NeC Size Ne
E, Commonwealth Govt. 0.037 15 11 26
E, State Goverament 0.499 . 199 150 349
E, Local Government 0.107 | 43 32 75
E, Consultants 0.227 91 68 159
E5 Contractors 0.094 38 28 66
Eg General Industry 0.036 14 11 25
TOTAL 1.000 400 300 700

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

N, = 300, NB? = 300
Stratum Weights Sample Size Total
Foreman's Sample Size
E ] . .
e Questionnaire

E, Commonwealth Govt. 0.076 23 23
Ea State Government 0.504 151 151
E3 Local Government 0.160 48 L8
E“ Contractors 0.212 64 64
E5 General Industry 0.048 14 14
TOTAL 1.000 300 ' 300

‘ 28.




S.2. SAMPLE SELECTION

5.2.1. COMMONWEALTH GOVERNMENT - N.S.W, OFFICES ONLY - STRATUM E1.

Elementary sampling units are clustered into a small number 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 Se2e1els to 5.2013.

TABLE 5.2.1.1. LEVEL 1 - ENGINELRS
Department Weight Task Analysis Curriculum Total
Questionnaire Questionnaire| Sample
Size
Works 0.69 17 12 29
Atomic Energy 0.0k 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 ok 18 k2
TABLE 5.2.1.2. LEVEL 2 - TECHNICIANS
Department Weight Task Analysis Curriculum Total
Questionnaire Questionnaire| 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 b
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 Sample Size
Questionnaire
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 o
TOTALS 1.00 23 23




S

5e2ele STATE GOVERNMENT - N,S, W, 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 sauple sizes are shown in
Tables 502.2010 - 50202030

TABLE 5.2.2.71. LEVEL 1 - ENGINEERS
Department Weights Task Analysis | Curriculum Total
Questionnaire |Questibnnaire |Sample
Size
Main Roads 0.250 48 36 84
M.W.S.&D.B. 0.219 b2 32 74
Railways 0.083 16 12 28
Public Works 0.19% 37 28 65
Housing Commission 0.017 3 2 5
Electricity
Commission 0.043 8 6 T
Maritime Services 0.032 6 5 11
Motor Transport 0.004 1 1 2
Water Conservation 0.158 31 23 Sk
TOTALS 1.000 192 145 337
TABLE 5.2.2.2. LEVEL 2 - TECHNICIANS
Department Weights Task Analysis | Curriculum Total
Questionnaire |Questionnaire |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 Ll
Housing Commission 0.019 & 3 7
olectriclty 0.061 12 9 21
ommission
Maritime Services 0.029 6 b 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 Sample
Analysis Questionnaire | Size
Main Roads 0.157 24 b
M.w.s.&D.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 k
Maritime Services 0.016 2 2
Motor Transport 0.012 2 2
Water Conservation 0.036 5 5
TOTALS 151 151
S5.2.3. LOCAL GOVERNMENT - N.S.W. 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 t¢ 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

5e2e3e30
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TABLE 2.2.2!10

NUMBER OF SAMPLING UNITS

Sample Units Weights Task @naly§1s Currl?ulum.
Questionnaire Questionnaire

Municipalities 0.k 10 7

Shires 0.6 1 11

TOTAL 1.00 2k 18

TABLE 5.2.3.2.

SELECTION OF UNITS FOR TASK ANALYSIS QUESTIONNAIRE

Units Sample Size Sample Size Sample Size
Level 1 Level 2 Level 3
(Foreman's
Questionnaire)
MUNICIPALITIES
Te Singleton 1 1 L
2. Fairfield 5 12 10
3. Drummoyne 2 5 7
*4, Quirindi 2 3 3
5. Manly 2 1 e
6. Young o 1 1
7 e Cooma 1 3 2
8. North Sydney b 6 5
Q. Forbes 1 2 2
10. Glen Innes L 0 1
SHIRES
Te Namoi 2 1 2
e Yarrowlumla 1 0 1
3. Rylstone 2 3 2
k., Tumut 2 2 3
5. Hornsby 7 13 b
6. Shoalhaven 9 12 8
*?. Cudgegong 2 3 3
8. Talbragar 1 1 2
9. Dumaresq 1 1 1
10. Mittagong 2 2 3
1. Canobolas 1 3 3
2. Bingara 1 2 1
13, Warringah 10 8 10
14, Pungog 1 2 2
TOTALS 2k 61 87 79
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TABLE 5.2.3.2. SELECTION OF UNITS FOR TASK ANALYSIS QUESTIONNAIRE

Sample Size Sample Size Sample Size

Level 1 Level 2 Level 3
(Foreman's
Questionnaire)

Units

MUNICIPALITIES

1. Singleton

2. Fairfield

3. Drummoyne
L, Quirindi

5. Manly

6. Young

7. Cooma

8. North Sydney
9. Forbes

1C¢. Glen Innes
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SHIRES

1. Namoi

2. Yarrowlumla
3. Rylstone
L, Tumut

5. Hornsby

6. Shoalaaven
*7. Cudgegong
8. Talbragar
9. Dumaresq
10. Mittagong
11. Canobolas
12. Bingara
13. Warringah
14. Dungog
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TABLEZ 5.2.3.3. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE

Unit Sample Size Sample Size Sample Size
nits Level 1 Level 2 ‘Level 3
(Foreman's
Questionnairez
MUNICIPALITIES
1. Rockdale 3 5 16
2. Tamworth 2 9 3
%. Moree 1 0 1
L, Ashfield 1 b b4
%« Taree 1 (o] 1
6. Marrickville 2 L 3
7. Holroyd 2 14 b
SHIRES
*1. Lalke Macquarie 2 3 3
ERJ{?. Peel 1 2 2
a5, Abercrombie 2 3 3
th D wline 2 3 }
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MUNICIPALITIES

1. Singleton

2. Fairfield

3. Drummoyne
*L, Quirindi

5. Manly

6. Young

7. Cooma

8., North Sydney
9. Forbes

10. Glen Innes
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SHIRES
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2. Yarrowlumla
3. Rylstone
4. Tumut
S« Hornsby
6. Shoalnaven
*?7. Cudgegong
8. Talbragar
9. Dumaresq
10. Mittagong
: 11. Canobolas
: 12. Bingara
: 13. Warringah
3 14, Dungog
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| TABLS 2.2.3.2. SELECTION OF UNITS FOR CURRICULUM QUESTIONNAIRE

: Units Sample Size Sample Size Sample Size
i Level 1 Level 2 ‘Level 3
: (Foreman's
Questionnaire)
MUNICIPALITIES
1. Rockdale 3 5 16
2. Tamworth 2 9 3
%+ Moree 1 0 1
b, Ashfield 1 L 2
$e Taree 1 o 1
6. Marrickville 2 b 3
7. Holroyd 2 1h 4
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 & 3
9, Ulmarra 1 4 1
10. Gundurimba 2 3 5
11. Jerilderie 1 2 2
o TOTALS 18 31 63 61

IToxt Provided by ERI
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TABLE LTI IRL SELECTION OF UNITS FOR CURRICULUM QUESTIONNA1RE

Sample Size Sample Size Sample Size
Level 1 Level 2 Level 3
(Foreman's
Questionnaire

MUNICIPALITIES

1. Rockdale g 3 5 16

2. Tamworth 2 ] 3

3. Moree 1 0 1

bk, Ashfield 1 L 2

5. Taree 1 o 1

6. Marrickville 2 L 3

7. Holroyd 2 14 b4
SHIRES
“1. Lake Macquarie 2 3 3

2. Peel 1 e 2
*3, Abercrombie 2 3 3
*4, Darling 2 3 3
*5. Eurobodalla 2 3 3

6. Wade e 1 3

7. Wollondilly 2 2 3

8. Coolah 2 4 3
10, Gundurimba 2 3 5
11. Jerilderie 1 2 2

TOTALS 18 { 31 l 63 61
2.4, CONSULTANTS - N.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 (gig. degree of specialization)

this was accounted for in the design by stratification. The following
d-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.

T?e strata decided upon by inspection of the distribution of companies,
figure 4.2.2., were as follows:

Stratum a: O<E€10 -
Stratum b: 10<E<50
Stratum ¢: S0<Eg100

A random selection of companies was made from each stratum, by
Selartinr nranartian & 1 $a & e . A .
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MUNICIPALITIES
1. Rockdale 3 5 16
2. Tamworth 2 9 3
3. Moree 1 o 1
L. Ashfield 1 L 2
5. Tarce 1 ] 1
6. Marrickville 2 b 3
7. Holroyd 2 14 4
SHIRES
*1. Lake Macquarie 2 3 >
2. Peel 1 pd b4
*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. 0001&h 2 “‘ 3
9. Ulmarra ! 1 1 1
10. Gundurimba 2 3 5
11, Jerilderie 1 2 2
292&E§ 18 { 31 63 61
5024k, CONSULTANTS - N.S.W, ONLY - STRATUM Eh,

As described in chapter b.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 ¢ompanies 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 wag used.

Stage 13

Companies were arranged into 3> strata according to size, where
size of cluster was measured by the number of civil engineering staff.

The strate decided upon by inspection of the distribution of companies,
figure 4.2.2,, were as follows:

Stratum a: O<E€10
Stratum b: 10<E€50
Stratum c: S0<E<100

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 companies
sampled was determined by dividing the required sample sizes in terms of
elementary units by the average number of employees per company for a
given 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 . No. of No. of ‘
Companies Weight Coys. for Coysa.for Total
T.A. Quest.} C. Quest.
Stratum a 83 0,722 11 8 19
Stratum b 25 0,217 3 3 6
Stratum ¢ Vi 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 2.2.4.2.

LEVEL 1 - ENGINEERS

Stratum No. of Weight T.A. Quest. C. Quest. Total
Employees i Sample Size | Sample Size
a 160 0.289 22 16 38
b 195 0.354 27 20 47
¢ 197 0.357 27 21 48
—TOTAC 552 7,000 _ 75 57 133
TABLE 5.2.%.3. LEVEL 2 - TECHNICIANS
Stratum No. of Weight T.A. Quest. C. Quest. Totsl
Employees Sample Size | Sample Size
a 156 0.194 18 13 21
b 351 0.437 Lo 29 69
¢ 297 0.369 33 26 59
TOTAL 804 1,000 91 68 159
Se2:5. CONTRACTORS « N...%. 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
“istribution. The strata, according to size of company, were determined
FERICnspection of the distribution in figure 4.2.3. and are as follows:

IToxt Provided by ERI
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Pe T.A. énilt. G.'Qaiat.
Stratum a 83 0,722 1" 8 19
Stratum b 25 0.217 3 3 6
Stratum ¢ ? 0.061 1 1 2
TOTAL 115 1.000 15 12 27

The details of the names etc. of the firms of Ccnsultants 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 2.2.“.2.

LEVEL 1 - ENGINEERS

Stratum No. of Weight T.A. Quest. | C. Quest. Total
Employees Sample Size | Sample Size
a 160 0.289 22 16 38
b 195 0.35h4 27 20 47
c 197 0.357 27 21 438
—TOTAL 553 7,000 78 57 133
TABLE 5.2.4.3, LEVEL 2 - TECHNICIANS
Stratum No. of Weight T.A. Quest. C. Quest. Total
Employees Sample Size Sample Size
a 156 0. 194 18 13 31
b 351 0.437 ko 29 69
c 297 0.369 33 26 59
TOTAL 8o4 1.000 91 68 159
«2eSe CONTRACTORS « N....W. ONLY - STRATUM ES.

A two-stage sampling process was used for this stratum similar to
that used for stratum E&4, 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 : OCE{Q20 civil engineering staff
Stratum b : 20<E¢60 " " "
Stratum ¢ : 60¢Es140 " " "

Since many companies, although large,do not enploy large numbers at
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each level it was necessary to take a sample size of {ifteen companies

to obtain the desired number from each of the strata - a, b, and ¢,
The ratio of b:3 for Task Analysis Questionnaire

to Curriculum Questionnn.re couiu not be exactly maintaired and the
tifteen companies were divided into nine and six for the respective

at eacn level.

questionnaires.

The following table shows the final distribution.

TABLE osla Do

SAilRLE SIZES FOR SELECTION OF CONTRACTORS

T
Number of Weisht Task Analysis | Curriculum 'Total
Companies & Questionnaire Questionnairg-
Stratum a 26 0.528 5 b 9
Stratum b 10 0.222 2 1 >
Stratum ¢ 9 0.200 2 1 3
TOTAL 45 1.000 9 6 15

Th: nuubers of employees selected for each of the strata -

a, by, % ¢, at eacn of the three levels - L1, L2 & L3 are shown in the
following tnree tables:

TABLE 5.2.5.2.

LEVEL 1 - ENGINEERS

Stratum : Total Weight ] Task Analysis Curriculum Total
Ennloyees Questionnaire Questionnaire
_
R
a 55 0.15 | 7 6 13
b 92 | o0.25 13 9 22
c 219 | 0.60 ‘ 30 22 52
TOTALS 366 ! 1.00 ! 50 37 87
TABLE 5.2.5.3. LEVEL 2 - TECHNICTANS
Stratum Total tWeight Task Analysis Curriculum Total
Empluyees Questionnaire Questionnaire
a 76 ! 0.218 8 6 L
b 82 I 0.235 2 7 16
c 191 to0.547 21 15 36
b ;
TOTAL 349 {1000 ! 38 28 66
TABLE 5.2.5.4. LEVEL 3 - FOREMEN
Stratum Total §Weight Foremen's Total
Employees{ Questionnaire




The following table shows the final distribution.

TABLE 2.2.2.1.

SAMPLE SIZES FOR SELECTION OF CONTRACTORS

i :

Number of Weight Task Analysis | Curriculum ‘Motal

Companies & Questionnaire Questionnair%
Stratum a 26 0.528 5 4 9
Stratum b 10 0.222 2 1 3
Stratum ¢ 9 0.200 2 1 3
TOTAL 4s 1,000 9 6 15

The nuwmbers of employees selected for each of the sirata =
a, by, & ¢, at eacn of the three levels -~ L1, L2 & L3 are shown in the
following three tables:

TABLE 5.2.5.2. LEVEL 1 - ENGINEERS

H H
Stratum | Total Weight Task Analysis Curriculum Total
Employees ! Questionnaire Questionnaire
a Y
a 55 0.15 | 7 6 13
b 92 | 0.25 13 9 22
c 219 ! 0.60 30 22 52
TOTALS 366 1.00 ;A 50 37 87
TABLE 5.2.5.3. LEVEL 2 - TECHNICIAN§
Stratum Total aWeight Task Analysis Curriculum Total
Employeesg Questionnaire Questionnaire
a 76 l 0.218 8 6 14
b 82 C.235 9 : 7 16
e 191 0.547 21 15 36
TOTAL 349 1.000 ! 38 28 66
sABLE 5.2.5.4. LEVEL 3 - FOREMEN
Stratum Total !Weight Foremen's Total
Employees Questionnaire
1 113 | 0.159 10 10
2 217 1 0.305 20 20
3 382 0.53%6 34 34
TOTALS 712 i 1,000 64 64

Again for obvious reasons, details of the actual companies sampled
cannot be given.
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5.2:6. 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 emnloyees 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:i-

Level 1 - Engineers 16 Task Analysis Q, 12 Curriculum Q.
Level 2 - Technicians 14 Task Analysis Q, 171 Curriculum Q.
Level 3 - Foremen 6 Foreman's Questionnaire.

o2s7e GENERAL REMARKS

In many cases the spokesman for a compaby or department
elected for security reasons to randomly distribute questionnaires
to a sample of his empiloyees. 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 imstances 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
1ist 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
a2 suample of 6 Engineers working on Construction in the Department of
Railways from a total of 24, (Sampling fraction = %), the list is
divided into intervals of 4, a random position chosen between 1 and bk,
e.g. 3 and the person occupying every 3rd positiion in the groups of
4 selected. The persons selected would thus be Nos. 3, 7, 11, 15, 19
and 2}0

Tais procedure also had the advantage of being self correcting
O ere the overall sampling fraction was known for a strata which was
LNV ¢ being cluster sampled g.g. Ez. That is where popuvlation figures
may be in error or have fluctuated from the time estimates were made




employees as the primary sampling unit and a random seiection 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:i-

Level 1 - Engineers 16 Task Analysis Q, 12 Curriculum Q.
Level 2 - Technicians 14 Task Analysis Q, 17 Curriculum Q.
Level 3 - Foremen 6 Foreman's Questionnaire.

eCe7e 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
iist 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
emplovees 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
a sample of 6 Engineers working on Construction in the Department of
kailways from.a total of 24, (Sampling fraction - ¥), the list is
divided into intervals of 4, a random position chosen between 1 and &,
e.g. 3 and the person occupying every 35rd 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
wnere the overall sampling fraction was known for a strata which was

not being cluster sampled g.g8. E,. That is where population figures
may be in error or have fluctuatéd from the time estimates were made

to the time of sampling, the"correct" sample sizes would automatically
be implemented by using this procedure.
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In generxl 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 enginecring 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.
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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 & 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 Analysis Questionnaire.

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, a mechanism had baen
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 respomsibilities, knowledge and skills. Various other
avenues of approach to task analysis were studied but all lead to this
basic trilogy of characteristics. For & variety of reasons we decaded
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. 1In
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 motion 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.

7.
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Prior to a final decision being made on implemeuntation
procedure, & 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 progrsm 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
recise and unrestricted nature of a professional engineer's role but
nevertheless this wss really the objective of the task analysis.
There apperred 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 fece 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
ite 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, suthority 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 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 execu*ive 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 responsitility, 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.
k., Value of plant and equipment for which responsible.
5. Place in organization hierarchy.
4. Responsibility for technical decisions.
7. Connection with policy making.
8. Involvement in policy interpretation.
2. Safety decisions.
10. Social responsibility and legal responsibility.

B ‘ *
EB{Q Halden, F., '"The evolution of the tasks and functions of engineers".
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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 breask 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 poar. 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 decisiona.

7. Connection with policy making.

8. Involvement in policy interpretation.

2. Safety decisions.

10. Social responsibility and legal responsibility,

Halden, F., "The evolution of the tasks and fumctions 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. Homewoci, Illinois, U.S.A.,1964
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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.

«e 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 yuantifying 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, & "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.

6e1.2. 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\| & common component
in universi“y, 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 & 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 tws 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 & 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
because 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 msain study.
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6.2. PILOT AND PRE-TEST RUNS.

Reference was made in the section dealing with the Task
Analysis questionnaire (6.17.7.) 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 3t over an hour to administer, and the technical matters
section was a failure, althouzh otherwise design was satisfactory.

The reascons 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 bdbut also
may serve to demonstrate the reliability and wvalidit 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.

£e2s.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, & large sized organization not used in the main
survey which could be approached through the hierarchy.

This was done ani 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.

#3.



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 gquestionnaires 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 layouts 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 no: 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 qu=stionnaire at strategic points "other(specify)"
categories were included. This, however, presented difficulty for
punching as each "other'" related to a specific section. On the
basic 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
tn2 respondent's number. All such "other" data could then be computed
separately and it coul: ove determined which and to what extent
sertain "elements" had been neglected by the questionnaire. (Later,
when editing the main run, it was found that very little had been
left Outo)

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 & measure of validity, with the salary bracket
indicated by the respondent, i.e. if there was a great deal of
concistent variation between the two then one of them was not a valid
astimate of responsibility.

The size of the pre-test was too small to indicate the exact
relationship between level of responsibility and salary. Some
slterations were made to the original scheme, however, as a result
of the indications provided by the pre-test. These were in the
guantitative values assigned to various items in the scoring system.
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6.2.2, For=man's Questionnaire - Pre-Test.

The basic character of this questionnaire was similar to
that of the main study ani 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 & 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 abount 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 methed 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 chunges
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
pr:=test and main run will have any appreciable effect on reliability
and vatidity. 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 caue 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.
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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 thé 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 & respondent were approachei 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
+hat 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 & 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 sxtra
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 gquestions (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.
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Hovever, 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 punch 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 punched cards were thoroughly examined to establish that each
subject (respondent) had the correct number of data cards, and that
each subject who completed & 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 awa e of many ‘
instances cited in the literature where extensive and carefully
desigired 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.

Overall we claim reliability is high.

Wwe 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 iave. They also collected as
much verified information as possible on real civil engineering practice.

Concer~ing 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 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 »roject, what its aims were, what benefits it
was hoped it would have, and so on.

An opportunicty did, however, present itself during the study
to gain some appreciatinn of the reliability and validity of the
Task Analysis Questionnaire, particularly that section dealing with
the Broad Task 2.alysis 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 from 191 respondents. At
the end ot 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 tiite intervals are given in Table 6.3.1.
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. 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 punched cards were thoroughly examined to establish that each
subject (r.spondent) had the correct number of data cards, and that
each subjec’ who completed a questionnaire was re;-escrnted by a set
of data cards. 1In 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 aware of many
instances cited in the literature where extemsive and carefully
designed systematic plans were thwarted bv poor recording by junior
sssistants.® 1In all we took as much care as possible to establish
2 rare bank of data.

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 engireering about the project, what its aims were,
and what benefits it was hoped it would have. They also collected as
much verified information as poussible on real civil engineering practice.

Concerning the validity of the questionnaire as an accurate
and valid means of collecting information it is @ifficult to resclve
the problem of standardisation and flexibility. Galtung wrote "The
literature sr~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 somc appreciation of the reliability and validity of the
Task Analysis Questionraire, particularly that section dealing with
the Broad Task Analysis o-er a fixed period of workiag time i.e. &
fortnight.

Halfw.y through the deta processing operatir~ some
information in tabulated form was prepared for presentation to two
discussion groups. It was based on ?-ta from 191 respondents. At
the end of the data processing ph: .. we had the same tabulated information
from 318 respondents. One pair only of several similar secs of
results at the two time intervals are given in Table 6.3.1.

Grubman, Hulda, "Evaluation activities of curriculum p:- jects"
AERA monograph series on curriculum evaluation. Ne.2. pp. 48-50.
Rand' McNally’ UOSQA.’ 19680
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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 ¥
Techuical matters 33 33
Manual skills 8 35
Economic/Financial matters 14 8
vommunication 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 195, Technicians 123.

CATEGORY O‘F TASK Eng's % |Tech's %
Technical matters 33 33
Manual skills 9 b4
Economic/Firancial matters 15 ?
Communication matters 22 10
Management/Personnel matters 18
Other (e.g. legal) 2 1
Rounding off ‘error! 1 1

Other similar pairs of tables agreed a&s closely. This
supported our belief that our data ceollecting 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 collectioen.
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 & 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 with the
research, theirs was the choice to make.

Fach potential respondent was given & questionnaire, a return
adaressed envelcpe and & covering letter explaining the nature of
the project, wnich also requested his co-operation by completing
the questionnaire.

F.4.,2. Commornwealth Government Departments.

Here the procedure followed for State Government Departments
#as largely used. The major difference being that it was the Sydney
Brancrez of the depertments that were contacted and these largely
by.phone - requesting their co-operation and explaining the nature
c¢f 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
questi~nnaire being personally addressed (where names had actually
been given).

These questionnaires were accompanied by the same explanatory
material ac the State Government questionnaires. Respondents could
ma:l the questionnaires direct to the project, or, if agreed to by
the depsrtment head, return them to him for forwarding to us.

For both Commonwealth and State Government Departments more
tnan une type of questionreire 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
rcuestionnaire. 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 tvpe 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.

b.bo.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 uad been selected
further approaches by telephone were made to gain the support of the
managers for the distribution of the questioanvires. 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 cortractors 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.te5. 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
. labelled 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 foremena 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 ani 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 cuntact with local branches
that the figures given by Head Office for N.S.W. were often
innaccurate, thus disturbing the calculated numbers for the sampl-.
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 aXYthough specific methods varied. Each
stretum 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 & covering letter as already
described, and addressed reply (non-stamped)! enve.iope.

It was decided before actual distribution commenced that a
minimum response of twenty-five percent must be obtained despite
the size of the guestionnaire 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.

¥e 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.
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7. RESPONSE, SDITING, PREPARATION OF DATA, AND DATA PROCESSING

z ] 1 & RESPONSE .

The response to the Tesk Analysis Questionnaire was fairly
even both across employers and within individual groups of employers.
Some 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 perbaps 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, o.g. the immediate urgency of the job to keep it moving,
and rudimentary office facilities in which to complete the
quee‘ionnaire, this low figure was perhaps understanjable and
sommendable. An examination of the response to the Foreman's
Questionnaire showed the bdest response from State Government employees,
folloved by Commonwealth Government, Local Government, and Comstruction
company employees in descending order.

’ The details of the response are given in tlLe following table,
01.1.
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7e2e EDiTING AND PREPARATION OF DATA.

Questionnaires were edited and coded to & pre-determined plaa.
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 gquestions was fairly extensive.
Editing and coding the returned questions was ther- “ore a simple job,
albeit a very time consuming one. The volume of in.ormation was
large and 13 punch cards were required for each Task Analysis
Questionnaire, ten for each Curriculum Questionnaire and five for
each Foreman's Questionnaire.

The answers were first transferred in code form to pun:h caxd
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.

735 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 organizstion and their Univac 1108
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 Te. wnology. The editing of Curriculum uestionnaires and the
prepax tion 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
heen desigred 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
informetion 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 spen“ some time examining this approach but & number of factors
became apparent in this present study. We did ndt readily come across
a suitable programme package, that is not to say'one doesn't exist.
In the Task Analvsis Questionnaire dats bank. about 250.000 bits of



Questionnaires were edited and coded to a pre~determined plan.
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 therefore a simple job,
albeit a very tiue 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 Foreman's Questionnaire.

The answers were first transferred in code form to punch 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 he? the co-~:ct number of cards, and that each respondent
who had completed a ~iestionnaire was represented by a set of data
cards. Cards were conjuter listed to determine if errors in cards,
traceable to vditing, existed, or any other errors could be detected.
Every effort was wmsde to establish a pure bank of data.

7e3. 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 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 Curricuvlum
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 packege exists which when placed
with the data cards in the computer will produce all the important
information and tables needed. Thus the possiLility 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 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,(20 bits of
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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 {r interaction
were therefore astronomical in number. The facilities tnat 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. Institute 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
questicns. 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 programwe, removing all
the defects from it, end 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 Co
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 exanining
small differences and determining their significance. The raw data
is included in Appendizes to this report for readers to examine and
re~interpret as they wish.

S5
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3. RISULTS

B.1. TASK aNaALV. 1S

8.1.1. Exaninacion of the data

The design of the survey schedule, or task analysis questione
naire as it came tc¢ oe calied during the study, was discussed in
Chapter Six. ne lJirst nurc ot the questionnaire, labelled
"individual cdata sueed" sougihc vasic information from each subject
about what type or work ne dia, where he worked, his job title and
level in the orgunizution, age, education etec.

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 ol the tables nas not suggested the group of
respondents is atypical in any way. Also the match between the
broad sample design rfor :the Tasan Analysis questionnaire and the
response 1is good. Uveraili, aowever, the number of technicians in
the final sampie instead of being about equal to the number of
engineers is iesc tnan uae lacier (130 technicians and 201 engineers),
and was causea by a reducec recponse from design technicians (drafts-
men) and also by tectnicians engaged in construction activities.
Fortunately, however, the ra:io in the response (ca. 5:1) agrees
well with the ratio in the population. One other area of mis-match
concerns the Local Goverument seccion ol the sample. When the
details of tnis section orf the sample were worked out we feared the
response would be poor because of the wide physical dispersion of
the population, and tihe gireat raaxge of size of the employing munici-
palities and shire counciic. To counteract this the sample was
increased relative to the samples from other sections of the total
population. However our ears were not realised and the response
was good. Therefore, reiative to the response from other sections
of population in the overall sample the response for Local Government
is greater. This sub-grouyr was not redused by random sampling to
give the correct welgiat aowever, since inspection of the responses
showed clearly that these are the '"general practitioners" of civil
engineering and have a grorliie of activities which is average conmpared
with those employed in State Government Departments, by Consultants
and by Contractors. Furcheruore, as the study developed it appeared
that type of empioyer would be a iess powerful analytical tool than
type of work. Lo tuic respect respondents from the Local Government
sector would have optea [lor one or other of the type of work categories
in their replies, as aia otner respondents, even if their work tended
to be more of & nixture of activities tnan respondents from other
categorien of employer. In a1l therefore we assumed the effect of
over represcntation of Local Governwent employees in the response
would be minimal.

One final point concerned General Industry, a minor sector of
the population, from wnich tae response was poor. Because of its
unimportance as ar e .ploryer of civil engineers, the low response rate
and of our liimitec interest in type oi employer as an analytical tool,
very little reference to General _ndust.y occurs in this report.

The questionnaire consisted of a number of seatinne yi~}
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The design of the survey schedule, or task analysis question-
naire as it came to oe callead during the study, was discissed in
Chapter Six. The first part of the questionnaire, labe.led
"individual data sheet" sought basic information trom each subject
about what type of work he did, where he worked, his job title and
level in the organizatiou, age, education etc.

Tae coilected 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-tive years of age, or mainly possessed diplomas and alseo
to see if the r:sponse in detail matched the design of the sample.
The “abulated data are presented in Appendix 1.

Examination of the tables has not suggested the group of
respondents is atypical in any waye. Also the match between the
broad sample design for che Tasa Analysis questionnaire and the
response is good. Overaii, however, the number of technicians in
the final sampie instead of being about equal to the number of
engineers is iesc tnan one lacter (130 techniciancs and 201 engineers),
and was causea by a reduced res; onse from design technicians (drafts-
men) and also by techuicians engaged in construction activities.
Fortuna*ely, however, the racio in the response (ca. F:1) agrees
well with the racio lu the populatione. One other area of mis-match
concerns tne Loceal Goverument seccion ol the sample. When the
details of tnis section of tiie sample were worked out we feared the
response would be poor because of the wide physical dispersion of
the population, and tiae gieat range of size of the empioying munici-
palities and shire counciis. To counteract this the sample was
increased relative to the samples from other sections of the total
population. However our Jears were not realised and the response
was good. Thererore, reiative 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 weignt nowever, since inspection of the responses
showed clearly that these are the "general practitioners® of civil
engineering and have a prolile of activities which is average compared
with those employed in Scate Government Departments, by Consultants
and by Contractors. Furcheruore, &s the study developed it appeared
that type of employer would be a less powerful analytical tool than
type of work. fn thic respect respondents from the Local Government
sector would have optea [or 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 tuan respondents from other
categories of employer. In all. therefore we assumed the effect of
over repregentation of Local CGovernwent employees in the response
would be minimal.

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

The questionnaire consisfed of a number of sections, viz:

(a) Broad Task analysis

(b) Sub-categories of task-analysis

(¢c) Tecnnical matters - usage

(d) Training analiysis

(e) Open-~ended questions on deficiencies in training ete.
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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 sortinz respondents into oae
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 crganisation chart, that is the job dons was the criterion
not whaether 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 genera. the number of
levels was reduced to two - engineer and technician.

At a later ctage 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 & 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 ,ob as having a certain mix of skills and know-
ledge and a technician's job another mix, but in doing this one
imrediately 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 ohtain
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 ooundary between what an
engineer does and a techrician does, but overlap occurs at any of
the other toundaries that exist, e.g. between non-management and
manager-nt, junior management and senior management, draftsman and
chief draftsman ard sc 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
clarsification was reduced to three (c.f. six depicted in model -
chapter four). These three classifications werei-

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

For the purposes of the analysis some sombination classifica-
‘Lions used in coding andé editing, e.g. construction and maintenance
were included with thae overall construction classification - (p) above.
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The first analysis was a comparison of the data for engineers
with that for technicians. Some discussion took rlace on what
determined whether a respondent was an engineer or technicigg.

The basis used in this study for sorting respondents into one
category or the other took inte consideration the title of the Jjob the
respondent reld and his position in the hierarchy as shown by the
outline organisation chart, that is the job done was the criterion
not wnether 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 "orofessional” 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 twe levels. Theoretically one ought to be able to
2+ fine an engineer's job as having a certain mix of skills asnd know-
ledge and a technician's job another mix, but in doing this one
i;-2diately bocomes involved in the detailed examination cf 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 boundary 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
management, junior management and senior management, draftsman and

chief draftsman and so 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 thkis
clacsification was reduced to three (c.f. six depicted in model -
chapter four). These three classifications were:-

(a) design
(b) construction
(¢} other work

For the purposes of the analysis some combination c¢classifica-
tion.: used in coding and editing, e.g. construction and maintenaace
were included with the overall construction classification - (b) atove.

Thus the basic approach to the analysis c¢f the data on tasks
was twofold:-
(a) two values of level - engineer, ¢:. technician

(b) three values of type of work - design, construction,
and other work.
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TABLE 8.1.3. TASK ANALYSIS BY VARIOUS EMPLOYERS

n = 3033 Consultants 71
: Contractors 36
State Government 113
Local Government 83
STATE | LOCAL
CATEGORY OF TASK CONSULTANTS | CONTRACTORS GOVT. 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
Roundirg off ‘error' 1 1 0 0

In the next table - 8.1.k., the time allocated to the
categories of task has been analyzed with respect to the ages of the
engineers and technicians.

53:5?) 20




TASK ANALYSIS BY AGE

n = 318 Engineers 20-30 yrs. 78
" 31-40 yrs. 60
" L1 & over 57
Technicians 20=-30 yrs. 84
" %1 & over 39
ENGINEERS
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
Qther, e.g. legal 2 b 3
Rounding off 'error' “- 0 0
TECHNICIANS 20-30 yrs. 31 & over
% %
Technical matters 34 b1
Manual skilis L 2h
Economic/financial 5 7
Communication 8 16
Management/Personnel 6 9
Other, ¢.g. legal 2 2
Rounding off ‘error' U 1

Many observations can be made about the results presented
in the previous tables, and the nature of the task profiles which
have emerged. Apart from the relative percentage time allocations
to the varicus categories of activity, which of themselves are of
great interest, the major observations perhaps aret~

(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
a e . N e -« 1 &

& & . e .
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" 31-40 yrs. 60
" b1 & over. 57
Pechnicians 20-30 yrs. 84
" 31 & over 39
ENGINEERS
CATEGORY OF TASK 20-30 yri. | 3140 yrs. | 41 & over
% ' % P
Technical matters 32 ; 325 32
Manual skills 11 7 8
Economic/financial 16 i 13 16
Communication 23 23 20
Management/Personnel 16 18 21
Other, ~.g. legal 2 b 3
Rounding off ‘error' 0 0 0
TECHNICIANS 20-3%0 yrs. 31 & over
% %
Technical matters 34 Y]
Manual skills L4 24
Economic/financial 5 7
Communication 8 16
Management/Personnel 6 9
Other, c.g. legal 2 2
Rounding off ‘error’ 1 1

Many observations can be made about the results presented
in the provious tables, and the nature of the task profiles which
have emerged. 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 engageu 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-techrical and non-manaal 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 engingsers 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 fregquency 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.. skills,
economic/financial matters, communication/exchange of inform:*.on
matters, and management and personnel matters was composed o+
number of individual items. These items, or sub-categories of task
were detailed on pages 7 and 8 of the questionnaire and int. 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 ere detailed
in Appendices 3-6 as followsi-

Manual skills - Appendix 3
Economic-financial matters - Appendix &
Communication/exchange of information - Appendix 5
! Management and Personnel matters - Appendix 6

: It is not proposed to discuss these results in detail but
i 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 'otner' 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-categories of Task (excluding Technical Matters)

Each category of task vizi- 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 ard 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 engincers 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 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 of civil engineer-
ing works were of great importance and regularly in use.

| (¢) 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 alsc 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 wherc engineers
and technicians are expected to acquire knowledge skills anc attitudes
from their training that can be applied to their subsequent ork
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, rathes than merely to suggest deletions
or additions to a standard traditicnal type of curriculum.

Questions concerned with Technical matters occur on pages 36
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
‘4) what level of knowledge is associated with the most
frequently mentioned items.

" So that these terms are understood at this stage the instructions
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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
é 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. Muach of this basic
knowledge is gained at post-secondary institutionr ere engineers
and technicians are expected to acquire knowledge «1ls 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 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, 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 questicnnaire. The data obtaiiled are detailed in Appendix 7,
which is sub-divided into six sections, namely engineers and
technic .ans 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,

(¢) 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

concerning them, detailed in the questionnaire, are reproduced
below.

"In the section on pages 4 and 5 dealiny with Technical
Matters please indicate in connection with -
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USC - 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 KWOWLEDGE - by §§lecting one of the following code
numbers with the meanings'as given:-
1 = Advanced level of knowledge of the whole element

2 = Geaeral 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
4L = Infrequently, i.e. less than 10 times & 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-1lt to acquire
%3 = Important, easy to acqg.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 sclect your answer from the follow-
ing code numbers with the meanings as given:-

1 Very difficult

2 = Difficult
3 = Moderately difficult
4L = 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 QO (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 amplificatisn 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 aume
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 kncwledge of part of element

bk = Very specialised knowledp= of small part of element

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

1 = Regularly, frequently, i.e. every day or every other
day
Frequently, i.e. about once a week
Not frequently, i.e. about once a month
Infrequently, i.e. less than 10 times a year

$£ui o
NN

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 givent-

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 giveni-

1 Very difficult
Difficult
Moderately difficult
Easy

£
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USE IN YEAR - in the last columa indicate whether you have
used the element of civil engineering knowledge in the past
12 months. Please answer 1 or O (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 renkings 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 therefore to readily compile short lists of
those "elements" of c¢ivil 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
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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 each 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.
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TABLE 3.1.5.

YELEMENTS" O CIVIL ENGINEIRIN KNOVNLEDGE

OF GREATEST SIGNIFICANCE TO ENGINKERS AND
TECHNICIANS IN VARIOUS TYPES OF WORK.

WELEMENTS" OF CIVIL % 2] n= | v
ENGINEERING KNOWLEDGE a_|lul|eE |3 |52 | 38
(order below has no B |85 | 58|55 |86 |68
significance and follows HelR2 B lEn 28R | B
the list used in the R leh | 8158185 |58
questionnaire) S, 18218818, |88 | By
o ' 3
i t '

Stress calculations X

v |Frame analysis{manual methods) X

& |[Design-metal structures e.g.steel X X X

= " _concrete X X X

2 " atimber 4 X X

& " .code of practice X X

©v " «~safety factors X X

v7 |Mechanical testing X

= [|Quality control X X

% |Selection and specification X X X X

& |Concrete X X X X X X

= Road materials X X
Solving hydraulic problens X X

~ |(using formulae and handbooks)

& |Solving hydrology problems X

= |(using standard procedures)

v7 (Field investigations X X X

~ |Laboratory investigations X X

& |Foundation design and assessment X X X
Earth structure design X X X X X

=

a |Critical path methods X X

& 6|Explosives X

& |Prilling X

(8- I |

¢

= |Levelling X X X X X

> |Setcing out X X X X X

. |Traversing X X X

£ |Photogrammetry X

(7]
Basic maths..algebra,geometry,trig.| X X X X X X
Equipment and plant X X
Biology - engineering X
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‘(order below has no BE|Bo |88 |85 |88 |68
significance and follows SRIER | ¥ "E"‘g; 22 | 2.
the list used in the SalehlER |52 |55 |54
questionnaire) 5.|B83|88182, |23 |8
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i . t !
Stress calculations X
@2 |Frame analysis(manual methods) X
% |Design-metal structures e.g.steel X X X
& " =«concrete " X X X
= " .timber " X X
& " <code of practice X X
v " esafety factors X X
v |Mechanical testing X
= [Quality control X X
& |Selection and specificataon X X X X
&5 |Concrete X X X X X X
~ Road materials X X
Solving hydraulic problems : X X
x |(using formulae and handbooks)
& |Solving hydrology problems X
= |(using standard procedures)
t; |Field investigations X X X
— |Laboratory investigations X | X
3 |Foundation design and assessment | X X X
Earth structure design X X X X X
©
x {Critical path methods X X
> 5|Explosives X
S =|Drilling X
I}
& .
= |Levelling X X X X X
> |Setting out X X X X X
= |Traversing X X X
?5; Photogrammetry X
Basic maths.,algebra,geometry,trig.f{ X X X X X X
Equipment and plant X X
Biology - engineering X
Mean "do use" over "elements" above| 77% | 66% | S52% | 37%| 53% | 37%
Mean "do use'" over all "elements" 7% 1 35% | 28% | 11%) 17% | 16%
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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 fregquency of response for
4o use" tended to be near the mean for this response over thL: 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 tae small group of technicians - other work, where
computers almost justified inclusien. The use by this group may
nave been due to those technicians within it engaged on Research and
Development worke. 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 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 wvhat civil engineers and
technicians are interested in, and they do not see themselves as
using specialized knowledge. Doubt must remain, however, about the
effeect of the attraction of the word "general", and it may be that
some other scale for .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, al
U.S.A. who said in his report "No attempt in the survey was made to &#;?r
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 of 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 rsgularly 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
== .5 the list of sixty-three "elements" that were used least by all
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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
nave 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 Wwas 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 8e1.5. This neutral tendency was not
found for other responses given. One must assume therefore that &
general level of knowledge of a topic is what civil engineers and
technicians are interested in, and they do not see themselves as
using srecialized knowledge. Doubt must remain, however, about the
effect of the attraction of the word “general®, and it may be that
some other scale for .evel of knowledge which aveoided 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 of 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 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
technicianc 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 bte of some interest to mention those items
n trne 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 Ar.zona. A report on the
education of engineers, technicians, and skilled draftsmen and the
educational needs of industry”. Arizona ‘ccupational Research
Co-ordinating Unit: Arizona State Dept. ¢ Vocational Education,
Phoenix, U.S.A.,1968. ‘
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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

8.105010 Traininﬁ

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 cof 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 n
1 B.E. (Civil, B.Sc. (Civil Engineering) and
Professional Inst. qualifications 106 (81420+5)
2 Diploma - civil engineering - 37
3 Local Government certificate H
b 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 LO(L4+36)
8 - No qualifications and no answer 53(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
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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 copen-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 gqualification (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 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
b 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 " LO(4+36)
8 No qualifications and no answer 53(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 L-point
scale.
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strongly some

emphasised emphasised mention none
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1 2 3 L*n

For technical matters and manual skills categories of task
the results show slight differences, these are given 1n Table 8.1.7.

TABLE 8.1.7.

QUALIFICATION CATEGORY

7 2 T Y L 5 3 7 )
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m a - aa 0na 22 O L I=
n = 106 37 4 | 18 35 50 |28 |53
Technical matters % % % % % % % %
No response 2 3 0 6 11 5 0 11

Answer 1 56 27 L3 | 22 20 38 {36 |17
2 30 49 43 |56 | 34 |28 |39 |25
2 i1 22 ?7 | 17 31 29 |21 |26
4 1 0 ? 0 3 0 4 |21

Manual skills

No response 11 U ? 17 26 33 7 125

Answer 15 3 7 0 29 18 |36 | 19

30 46 k3 | 33 20 30 |36 |34
35 16 b3 | 4b 23 13 11| 9

£ o N =2

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.

Q

In terms of the tasks performed as engineers and technicians
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differences, these are given in Table Jete7e

QUALIFICATION CATEGORY
1 2 3 4 5 & 7 8
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n = 106 37 14 18 35 L0 28 53
Technical matters % % % % % % % %
No response 2 3 o 6 11 5 o I M
Answer 1 56 27 43 | 22 20 38 |36 | 17
2 30 L9 k3 | 56 34 28 139 |25
3 41 22 72 117 31 |29 |21 |26
4 1 (0] ? 0 3 0 4 21

Manual skills

No response 11 2L 7 | 17 26 33 7 |25
Answer 1 15 3 ? 0 29 18 |36 | 19
2 30 L6 4z | 33 20 30 |36 | 34
3 35 16 L3 | 4 23 13 11 9
b 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
(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 ad2quately
covered by the formal training, or perhaps more “mportantly 58 percent
and 26 percent of the tasks of engineers and tecanicians respectively
are not adequately covered.
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"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 bL-point
scale.

Very very
much much some little
T T T )
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.

"What do you think is the best pattern of training for
acquiring the knowledge required for the performance of the
task? Select cone 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."

"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
restrospect.

The sandwich pattern of training received fair mention in
spite of its noviity.

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 fulletime epanslly with T.W.T. "a sardante
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Very very
much much some littie
I T T =7
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 diplomus
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.

""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."

"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
restrospect.

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 guestion on what level the pattern of
traininy should be, the response rate was low but sub-degree
was nominated most frequently except for technical matters
where degree level was nominated more often.

"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
L-point scale.

almost very
all much some little
[} ] ¥ |
1 . 2 3 L v

For technical matters the trend was "much" for most respondents
tending towards "some" for those with certificates, for manual
skills the reverse was generally the case, 1i.e. "some" tending
towards "much" for those with certificates. For the remaining
three categories of task - economics, communication, and manage-
ment the answers were predominantly "very iittle", 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.s the opposite. The economic matters sub-category of
task was mainl, -oncerned with estimating and accounting and
one could expect these subjects to be included in a course,
particularly if one rccalls 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. 8.1.5020)

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 Demonstration, laboratory & outside 9
Tutorial 1 Practical participation/field work 6
Audio-visual methods2 Simulation/decision making games 7
Individual project 3 On the job instruction 8
Group project 4 Practical job experience 9

Which of these have you had experience of? Please circle
number.

What is the best way of acquiring the knowledge for the



_==(8) "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
b-point scale.

almost very
all much some little

L] ¥ ] 1

1 2 3 L n

For technical matters the trend was "much" for most respondents
tending towards "some'" for those with certificates, for manual
skills the reverse was generally the case, i.e. "some" tending
towards "much" for those with certificates. For the remaining
three catengrries 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
tarks, but the "very little" type of answer to Question 5
suggest:s the opposite. The economic matters sub-category of
task was mainly concerned 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 O Demonstration, laboratory & outside 5
Tutorial 1 Practical participation/field work 6
Audio-visual methods2 Simulation/decision making games 7
Individual project 3 On the job instruction 8
Group project L Practical job experience / 9

Which of these have you had experience of? Pleage 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 ..cquiring knowledge were
known to most subjects in each of the qualification categories.
(Table A8.8., Appendix 8). Some certificate holders claimed also
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to have no experience of audio=-visual methods, and some also

no experience of grouy projectas,

The preferred method. ure summarised in the following table

8.1.8

TABLE 8.1,8.

b
NOMINATED BEST WAYS OF ACQUIRING KNOWLEDGE FCR

VARIOUS TASKS (3 WAYS IN ORDER OF FRIORITY)

QUALIFICATION CATEGORY

CHOICE
1 2 3 4 P 8 7 8
S lect. lect. lect. lect. lect, lect. lect, lect.
- -
= tute, tute. tute. tue. Oejsils Osjsils Oejels pr./f.w.
5 demo.
g Pr.jeexe. - PrejeeXe [PrejeeXe |PrejeeXe [Prejeex. |PrejeeXe|{Pre«jeexe
= pr./few. {lect. pr./f.w. jiact, Pr.je.2x. {lact. lect, Preje2Xe
g 2 | demo.  ldemo. Osjeds, ~|demo. o..i.1, pr./f.welpr./fow.|pr.j.ex.
= p!‘.j-ex- - gp!‘.j.Px. }‘}"./f.w. pl“./f.w. pl'.jo"){o pr.j.ex. j't‘.j.ex.
}
S 1| ect. lect. :l2ct. lect. lact. 1+ct ., lec’ . locts
8 2| tute. Osjeds :o.j.i. Lute. ure/feW. jlute. tute. tute.
Q ' !
a 5 p!‘.j-ex. - f‘r.j.e‘- pl'ojcex- pf‘.jof‘X. Oojoio px‘-j.ex- pk‘.j-?!.
{
i
2 pPreje.ox. |lect. lect, lect. pre.j.a2x.ilect. lect., pr.j.2x.
E 21 0.1, 0.j.4. ,pr.j.ex. Oejelde pr.j.ex.lpr./f.w. Plejs@Xs{PrejedXe
8 Pre.je.2X. - | PreieeXe |Elejo2Xe [Preje2Xe PrejeeXe|Preje2Xe|Prsjeexe
=
7 1] pre.jeex.|lect. lect. lactu, loce, ;lecﬁ. lect., llact,
g 2 p!‘.j.ex- pl‘-j.ex.,O.[j-i- pl‘.:j.ex. OQjoio fo.joio tute., p!‘.j.ex.
i |
Z 31 pr..ox. - Preje2aXe [PreojoeXe [ProjeeXe (ProjeeXe|pPrejeeXxe|prejoexe
-~ 1
N.3. 1n the above table abhreviations mean:-
lect. = live la2cture
tute. = tutorial
pr.jeex. = practical Jjob experience
Osjeis = on job instruction
pr./f.w. = practizal/field work
demo. = demonstration

the forty cells in the table above, thirty-five are com-
of these, twenty-six contain as the first and third choices
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TABLE 8.1.8. NOMINATED BEST WAYS OF ACQUIRING KNOWLEDJE FOR
ARIOUS TASKS (3 IN ORDER OF PRIORITY)

CHOICE QUALIFICATION CATEGORY
1 2 3 4 5 ¢ 7 8
~d
S 11 lect. lect. lect. lect. lret, lect. lect. lect.
-~
= 2| tute, tute. ;ute. tue. Oejeido Cejede Oejede pr./few.
5 enmoe.
S p!‘.j.ex- - Z'ojoeX- p!‘.j.ex. p!‘.j.ex. pr.joex. px‘.j.ex. px‘.j.ex.
= 11 pr./f.w. |lect. pr./fews lact. Prejedxe{laocts lect. Pr.jeaxe
2 demo. demo. Oejeds demo. 0..iel, pr./few. |pr./fow.|pr.j.ex.
=
= pr. .ax. - Ereje2Xe [pro/fewme jor./fowe [Preje=Xe [Prejeexe |nrejeex,
E 11 lect, lect, 'lect. lect, lect, lact, lect, lact.
g 2| tute. Oejoeds éo.j.i. tute. pr./t.W. jtUute. tubes tute.
)
2 31 pr.j.ex. - iteJeeXe Prejeen. IPrejezxejosjed. prejseXe{pr.je.ox.
|
I
- Prsjeex.|lect. lect. lrct. pr.j.ex.;lect. lect., pr.le.2x.
% 2] 0siel, O.j.k, 'pr.j.ex. DeJolos pr.j.ex.ipr./f.w. PrejeeXs |[Pr«jeex.
8 3]l preleexe. - JEre fe@Xe IRl Jo2Xe pr.j.9x.’pr.j.ex. Preje?Xe |[FTreje?2Xe
i
=
§ p!‘.j.ex. lecto lecto l!ihto l‘.}CLo ;lt}ct. 1@0*. lecto
E 2] preoeaxe|prejoeexelosjeie PrejecXe [0ejele io.j.i. tute. frejeeXe
' {
‘21 pr.j.ex. - p!'.j.ex. pr‘.j.ax- p!’.j.ex- pr-joex. p!‘.j.ex- p!‘.j-ex.
q’
~ 1

M.B, in the above tables abbLreviation: mean:=-

lect. = live lecture

tute. = tutorial

vrej.ex. = practical job exyperience
o.jsi. = on job instruction
pr./f.w. = practical/field work
demo. = demonstration

0f ithe forty cells 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
ig a simplification, but it must raise again the idea of a combination
course of theory and practical job experience as being the superior
metnod 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 guneral,

“dow do you view your poct-secondary/tertiary training?
Please indicate by ringing one cf the numbers on each of
the following S5-point scales:

(a) 1 ' 2 3 b f?
1 |} kB ¥
too few general about too many general
principles of right principles of
civil engin. civ. eng.

(&) $ H : 3
too little detailed about too much detailed
factual subject right factual subject
content re civ. eng. content re civ.eng.

n)

(c) , 1 2 ‘% % _J%
too little ‘'general about too much 'general
engineering education® right engineering education'’

The resulis were left of centre in each case: those respon-
dents with bachelor's degrees were nearer %3 and those with certificates
were clightly nearer point 2. The "strai~hat down the middle' answers
to this question were surprising after cousidering the imbalance in
training indicated in answers to earlier questions. Possibly the
attraction of the middle answer on & five-point scale proved irresis-
tible, oa the oth~r hand the answers to the questions, which relate
to content/theory, ca. 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 responients (about seventy pertent) enjoyed their
tertiary training overall and about twenuvy percent did not. The
reasons for "not liking" tended to cluster around course structure,
4ifficulties 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 gliven to aspects that were
liked, ¢.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
junlification (degree:n ani crrtificates), followed by various items
desaling with course structure, prescentation, content and advance of
knowledge.

Summarising, most respondent. enjoyed their courses, and the
part they enjoyed most wa. the practical work. Of those who didn't
enjoy it, curriculum problems were tne main reason.

Deficiencies in training, skills acquired through necessity,
etc. produced about one thousand responses. The:se, however, readily
w Anerad ta seven items or KRroups. These are shown in detail in
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too few general about too many general
principles of right principles of
civil engin. civ. eng.

(v) 1 2 3 L 2
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too little detailed about too much detailed
factual subject right factual subject
content re civ. eng. content re civ.eng.
"

() 3 3 3 2
tnn little 'general about too much 'general
engineering education' right engineering cducation’

The results were left of centre in each case: those respon-
dents with bachelor's degrees were nearer 5 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, ca.. indicate that the theory balance was satis-
factory.

£.1.5.2., Open-ended Questions

The open-ended questions dealt mainly with training/education.

The majority of respondents (about seventy pertent) 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 gieat.

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 =ix 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 respondcnts enjoyed their courses, and the
part they enjoyed most wao 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 renponses. The e, however, readily
reduced to seven items or groups. These avre 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 ' the greatest deficiency:?

(1) management/personnel items

(2) economic/financial items
(3) communication items
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(4) 1lack 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 proups 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 intecest.

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 eugineering 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 genersl: is it biased towards engineering science/theory rather
than engineering?

Is insufficient attention paid to the pract.cal application
of engineering knowledge? The recpondents in our survey have said
this was the case and have implied there was imbslance 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 respondeiats 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 B3 percent of the total number of respondents. For .
those groups with civil engineering degrees or diplomas a mean of 9h
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, m-inly 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.

Ciearly 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
ia general: 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 stil) 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 come exposure 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 =2 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 wmanagement.

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 vkill 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 extemnsively answered. The wording was
ambiguous and the answers reflected this. (Some details concerning
the latter are given in Table AB.21. in Appendix A8.)

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 qualificationj
those with certificates; and those with no qualifications. The
most frequently selected criteria (in descending order) are given
in Table 8.1.9. Also included are those items thought to be of
least importance in determining success in one's job.

A



TABLE 8.1.9. CRITERIA OF SUCCESS IN THE JO3
RANK IN DFSCENDING ORDER
(LOWEST RANK = 25)

f

BROAD QUALIFICATION CATEGORY

OVERALL
CATEGORY OF ANSWER RANKING Degree/ Certi- No qual.
Diploma ficate

Technical efficiency/competency 1 1 1 1
Knowledge/qualifications 2 L 2 2
Completion of work/project 3 2 - 5
Time efficiency/competency L 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 - - L
Experience 10 - b -
Decision making 11 - 6 22
Seniority 12 ~ b -
Honesty/Integrity 16 22 - -
Flexibility 16 - 21 -
Creativity 18 - 2h 22
Reliability 22 22 21 -
Conformity/submission to

authority 23 - 25 22
Leadership 24 24 - -
Opportunism 25 2k - -

The detailed results are given in Appendix A.8. Table A.8.17.
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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 anc type

of employer. Data relating 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 conceraing "criteria of success" that might
? exist be'ween 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.

S 8.1.10. CRITERIA OF SUCCESS IN THE JOB
TABLE 8.1.10 (NUMBER OF RESPONSES AND PERCENTAGE OF TOTAL
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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 he
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 frequentlv still emerges. It
can be effectively argued, of course, that in the majority of cases
traditional methods will be easier, cheaper and quicker tu 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
metnods". 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 summnrised in the following Table 8.1.11; the main items
only have been listed.
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TABLE 8.1.11. THE FUTURE

GROUP/CATEGORY
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Greater social concern 2 2 31 2 5 b 3 2 bL
More specialization 3 3 L1 3 l 2 3 3 -
More general education 8 7 -1 7 - 7 - - -
More use of refresher
courses ? 8 -1 8 6 - - 6 -

(NUMBER AGAINST EACH ITE™ JINDICATES RANK IN THAT GROUP'S NOMINATION FOR
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 considerabhle 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-

O ences can be detected by comparing Tables A8.26, and A8.27 of
EBJ(;Appendix 8.
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More general education 8 7 -1 7 - 7 - - -
More use of refresher
courses 7 8 -1 8 6 - - 6 -

(NUMBER AGAINST EACH ITe™ .INDICATES RANK IN THAT GROUP'S NOMINATION FOR
MAJOR DIFFERENCE BY 1980)

From the above one can conclude that respondents thought that
the 1980 civil enginecring 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
3690

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 AB.27 of
Appendix 8.

There is little ambiguity about what is meant by greater use
of systems and improved systems. In essence, respondents imagine,
for example, that more of the parts of a building or bridge will be
pre-fahricated off site, brought on site in a systematic way and
agsembled in a more systematic way in 1980 than is the case today. This




already hap-ens, 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 eagineering of systems of
constructed facilities'" and their inclusion of systems as one of
the five areas of specialization basic to all civil eagineering
protlems and projects. Others have developed this idea (see
Chapt. 9.) and see greater utilisatisn 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. 1In fact more than one
hundred pages of computer print out
(listing) were examined in the prepar--
ation of the preceding table and dis-
cussion dealing with the "Future".
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8.1.6., HKesponsibility

Our interest in responsibility, and the basis of the scheme
we devised for usses:zing responsibility were discussed in Chapter
6.1.1. The scoring system in this scheme consisted of threc parts,
the first dealing with responsibility for men, the second with money
and the third with policy. Good reasons exist for keeping these
three distinet types of responsibility separate, not the least of
these being that a combinad score would need to take into consideration
the relative weight that should be attached to each type of
responsibility if scores in each typ: 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
conserning 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:

Al Men responsibility.

(i) Number and type of staff for which responsible.

K. 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.

Ce Policy respo.asibility.
(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 wi thout systematic justification, but
based on & 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.

Q Policy responsibility o. five types was scaled on a five point
-RIC semantic differential scale, values assigned and total sums worked.

A ruiToxt provided by ER
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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 thau the other two responsibilities. This discussion

concerning the data has had to be carried out in terms of the three
separate types of responsibility.

Tha factors involved in the present scheme are repeated below:

A Men responsibility.

(i) Number and type of staff for which responsible.

TN Money responsibility.

(i) Incidental expenditure, running expenditure,
cheque signing limit.

(ii) Capital expenditure limit.
(i) Value of plant and equipment for which responsible.

(iv) Value of work or project for which responsible.

Co Policy respoasibility.
(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 1s no reference to professional responsibility in the broad
sence 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 uategories were unskilled ctaff, crulismen and tradesmen,
technician, graduates, and mansgers and 5 year graduates. A value was
placed on each category, selected without systematic justification, but
baced on a 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 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
Quastionnaire (Appendix 13) at the end of this report. '
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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
wi~hin policy responsibility.

In all therefore the scheme, whilst having the appearance of
quantitative accuracy was riddled with the inaccuracies associwted
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 respounsibility’
than have technicians. Within engineers those engaged on design work
have less 'man responsibility' than those engin2ers engaged on
construction and other work. Within the technician gioup those engaged
on construction appear to have slightly greater 'man responsibility’-
Table 8.1.12 which follows shows this.

TABLE 8.1.12. MEAN RESPONSIBILITY SCORES FOR
ENGINEERS AND TECHNICIANS IN
VARIOUS TYPES OF WORK

LEVEL OF EMPLOYMENY AND TYPE OF WORK
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IMann responsibility 15 31 29 3 6 2
Money " 36 56 L6 22 34 2k
Policy " 58 62 58 32 L5 40

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 inaccuracie: associated
with any subjective amsessment 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 responsibility'
than have technicians. Within engineers those engaged on design work
have less '‘man responsibility' than those engineers engaged on
coastruction and other work. Within the technician group thoce engaged
on construction appear to have slightly greater 'man responsibility’.
Table 8.1.12 which follows shows this.

TABLE 8.1.12. MEAN RESPONSIBILITY SCORES FOR
ENGINEERS AND TECHNICIANS IN
VARIOUS TYPES OF WORK

LEVEL OF EMPLOYMENT AND TYPE OF WORK
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Map reosponsibility 15 21 29 3 6 2
Money " 36 56 L6 22 3h 24
Policy " 58 62 S8 32 L5 L0

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 responsibilily scores. This is not unexpected, btut it
1oes 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 ques;tion of responsibility arose
out of the preliminary study of the 'on site' components that are
associated with a job in civil engineeriug. 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
#ithout men, materials and equipment. Real life decisions are not
simple since the three factors impinge on each other and compete.
Kesponsibility for part of, or the whole of the decision-making
procusses 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 traiued or prepared in any way to assist them to accept such
responsibility. It har been argued by some that people vary because
sf their gen2tic make-up, in ability to handle responsibility. This in
sur 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, trhan others, but all such differences
are in 1o way different from those sssociated 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 thore
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 imterested. One can also be taught to delegate authority, for some
1t 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
tradi<ional cource 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 tne responsibility for

technical decisions can only come in real work situations and not
in the lecture, or whilst workinm on assignment.
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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.

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
canstruction 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 typec of engineer occupied
them to a significantly greater extent than either feasibility studies
or cost benefit analyses, either separately or in total. 1In the
management category of task all five sub-categories of activity
(Table A5.1 Appendix 6) were utilised.

Approximately ten per cent of the tasks of 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
and using survey instruments respectively, and the latter spent 70
per cent and 14 per cent on the two manual skills rvespeotively,

Differences between the two groups of engineers exist alnn
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.

8.1.7.2. Technicians - tasks

There appears to be little difference in the way time is
allocated to the various categories of task by the threc¢ groups of
technicians. For all technicians 26 1 er cent of their time is spent
on non-technical tasks. Of these non-technical tasks estimating the
coat of, and costing work in progress were predominant in the
financial matters sub-category. In mancgement tasks all sub~-categories
were involved, but organisiang and directing occupied most time.

In the manual skills subecategory no surprises were revealed.
Design technicians were mainly occupied with drafting, but



work ‘appears to differ from that of an engineer engaged on con-
struction work. 1In 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
spant 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 ic 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. 1In 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 of 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
and using survey instruments respectively, and the latter spent 70
per cent snd 14 per cont on the two munual shkille ceppeotively,

Differences between the two groups of engineers exist aleo
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.

8.1.7.2. Technicians - tasks

There appears to be little difforence in the way time is
nllocuted to the various categories of task by the threc 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 organisiag aad 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
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(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
respsctively. Thus & technician in design work is almost exclus-
ively occupied with drafting, but all other technicians in the
survey spent, very roughly, one third, one third,, and 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 & tectmuician to acquire the knowledge and skills to become
an ongineer 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
resprct to both men and money.

8.1.7.3. Engineers compared with Technicians -~ tasks

The work of the group of technicians has 8 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 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
‘'n! frequency 10% of % of total
maximum frequency (n) 63 items

Engineers

- design 60 8 13%

- construction a2 13% 21

- other work 20 13 21
Technicians

- design 98 i 40 63

- construction 17 41 65

- other work 15 37 59

Generally, therefore, it can be said that engineers use
= more technical items more often than technicians, but a substantial




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 wnether 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 wnen 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 sr a technician to acquire tue knowledge and skills to become
an ~ngineer within a particuiar type of work grouping, once he has
acquired some knowledge and skills in thaat type of work?

The responsibility associated with construction work
appears %o be greater than that associated with design work, with
resp«ct to both men and money.

Bele7e3 Engineers compared with Technicians - tasks

The work of the group of technicians has a similar technical
matters olement 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 questi-nnaire sere 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 WIT..
. FREQUENCY OF 10% OR LESS OF 'n!

Number of items with
'n! frequency  10% of % of total
maximum frequency (n) 63 items
/
Engineers
- design 60 8 - 13%
- construction a2 13 21
- other work 50 13 21l
Technicians
- design 98 40 63
- construction 17 L1 65
- ovhier work 15 57 59

Generally, therefore, it can be said that engineers use
mor~» -echnical items more often tnan techuicians, but a substantial
numper :f items get little use. What implication has this for the
content and structure of curricula?

nlus % rel-evance when considering <  .tent 1s the almo:t
exclusive indication that only a general leve of knowledse of most
technical items is needed in pertorming the . .ks in civil engineer-
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The technician group spend much more time utilising manual
skills than does the engineers group - 41 per cent for technicians and
9 per cent for engineers.

B

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 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 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 almnst exclusively
nominated by all respondents across all categories of task.

This must confirm once again the view that a combination
course of theory and practical job experience is thought to be the
supcrior 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
oa 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 c® '‘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 questiun 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 expe:rience, and practical/field work all being selected,
but for third choice practical job experience was almnst exclusively
nominated by all respondents across all categories of taske.

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 gquestions

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, communicatior,
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 proviie a sreat deal of it. This could imply that practical
training should run concurrently with the theoretical content of the
curriculum.
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8.2, CURKICULUM QUESTIONNAIKE

The Cusriculum ues'ionnasire wos developed by the staff of the
NeSe¥. Institute of Technology, and wuo intended (o oxamine respondents
use of, and the importance they attuched to the "elements" of civil
engineering knowledge associated with thxt section »f a course dealing
with structural design. (Chap. 6.1.2.).

It was decided after the questionuazire had been edited and the
data trancferred to punch cards that the analysis would be carried out
by the Institute (Chap, 7.3.)e 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 Mucnunrie University to the computer facility at the N.S.W. Institute
of Techunology and thus facilitate data processinge.

For a variety of reasons, unuwever, this work has not yet been
firished. Therefore, in order not to delay the printing of the report
of tthe main work cf the survey it ras been agreed that the findings of
the analysis of the data obtained oy the Curriculum Ruestionnaire will
be rey rted separately as Volume Two later in the year.

S5150Y CONCERNED WiTH FOnoMEN

(23
[ ]
L ]

$e3.1. Foremen in Civil Engincering

A key person .- ci1vil engineering construction activity is the
foreman. A major cous.ruction 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 techmnician 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 waa 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?

Qo . This indecision was resolved by deciding not to include the
Eﬁgg;reman 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 beea edited and the
data transferred to punch cards that the analysis would be carried out
by the Institute (Cihap, 7.3.)e 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 Macquarie University to the computer facility at the N.S.W, Institute
3 of Technology and thus racilitute data processinge.

For a variety of reasons, nLowever, this work has not yet been
firished. Therefore, in order not to delay the printing of the report
of the main work of the survey it has been agreed that the findings of
the anxlysis of the data obtained by the Curriculum Questionnaire will
be repnrted separately as Volume Two later in the year.

o3, STHDY CONCERNED WITH FOxMEN

843,17, Foremen in Civil Engincering

A key person .: civil engineering construction activity is the
foreman. A major conscruction 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
questionnaire was developed, and our whole approach to this small
sub-study was, in today's terms, "low key".

Information concerning the sub~populatior of foremen was collected
at the same time as that conce2rning 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
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the expected poor response due to the outdoor nature of the foreman's
work and the difficulty of reaching hime A figure of 10 percent

(300 on 3009) was decided upone. 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 5k
distributed, i.es 21 percent.

The same standards of accuracy were applied to collecting the

data, editing the questionnaires, card pun~hing, data procesesiug,
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
disiribution, the employment pattern, the foramal training and where
the course of formal training was completed.

The main observations which can be made abou* the group of
respondents are:

a) a large percentage (85%) are employed by goverament 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 posteschool 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
37 may indicate persons below this age do not have sufficient
experience to be a foreman.

¢) there is a tendency for foremen to stay in a job for many yearss.
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 forsman/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 techpically oriented items, é.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
simnle pr mbi riinnag nhr ~ A . & 0 et - s . a .
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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 Respondents uss 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 employm nt pattern, the formal training and where
the course of formal training was completed.

The main observations which can be made abou: the group of
respondents are:

a) a large percentage (85%) are employed by goverament 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 oven 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 upe
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 persorns 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 employmesnt 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 forzman/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,).

5.3.32., 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 krowledge 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 refersnce
to detailed instruction, by selecting numbers from 4 point; 4 point and
> point scales respectively. The instructions to the respondents

88.



— —_———

,P’ - - ... o ! . .~ Bl L - : - - =
P e .

B S S = TEUCE IR P G I T S22 S S e e ]

concerning these scales were as follows:
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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 w#as 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.

¢) Knowledge:-

1. indicates complete theoretical and working knowledge
2. indicate: knowledge of principles only

3. indicates practical working knowledge

4L, 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, & 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 sare detaried in Appendix 11, The short
combinntion list is given below, with no significance attached to the
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TABLE £.3.1. LIST OQF “ELEMENTS" MOST USED AND OF MOST IMPORTALNCE.

Safety regulations

Solving problems

Plant

Planning a simple construction job
Training workers on the Job

Various aspects of concrete

Developing group morale

Reportewriting

Book and record keeping

Calculations concerning reduced levels.

In general the spread of freguencies over the importance aspect of
each "element" suggested that the people engaged in those jobs attach
importance to more items than they actuully 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:

- - ca- -

TABLE 8.3.2.

Element Level of Knowledge®
1 2 3 L 5 No answer

Safety regulation 31 5 29 3 1 5
Selving problems 22 6 33 b 2 7
Plant 32 L 29 2 2 5
Planning a construction job | 37 5 22 i 2 4
Training workers on job 2k L 28 b 5 9
Developing group morale % 10 29 10 6 5
Report-writing ’ 22 8 23 5 5 11
Various aspects of )
concrete (12 items) ) 17 & 26 8 9 8
averaged as follows:~)
Lowest ranking item
(max. score under column
headed by 5) 2 3 % 21 35 8
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e T "8olving problems 0 o B
Plant
Planning & simple construction job
Training workers on the Jjob
Various aspects of concrete
Developing group morale
Report-writing
Book and record keeping
Calculations concerning reduced levels.

In general the spread of frequencies ouver the importance aspect of
each "element" suggested that the people engaged in those .obs attach
importance to more items than they actually use. Perhaps the book of
knowledge or information :oncerning 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 required. With respect to each
of the above items the frequency of answering was as follows:

- - . - ea

TABLE 8,3.2.

Element Level of Knowledge*
1 2 3 L 5 No answer

Safety regulation 31 5 29 3 1 5
Solving problems 22 6 33 b 2 ?
Plant 32 b 29 2 2 5
Planning & construction job | 37 5 22 b4 2 b
Training workers on job 24 L 28 4 5 9
Developing group morale b 10 29 10 6 5
Report-writing ‘ 22 8 23 S 5 11
Various aspects of )
concrete (12 items) ) 17 6 26 8 9 8
averaged as follows:-)
Lowest ranking item
(max. score under column
headed by 5) 2 3 5 21 35 8

indicates complete theoretical and working knowledge
indicatec knowledge of principles only

indicates practical working knowledge

indicates basic facts only

indicates no knowledge of element required for your job.
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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
jod", 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 information 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.

¢) 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 probdblems
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 sperific, the answers do, nevertheless, substantiate
the cnnclusions reached from studying the answers to questions
on the usage and importance of certain items of techmical and
other civil engineering knowledge discussed earlier.

8.3.4. A _Foreman's Job

Summarising, one can say that a foreman's jobd in 1972
consisted of:-

a) supervising people and work

b) being concerned with safety and regulations
concerning safaty’

¢) 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 mauagement, 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 th? questionnaire
sent to .oremen but this is not to say tuat responsibility is not
an important factor in a forgnan'u -qua Just the‘opposite,.a?d



of such phrases as "solving problems", "planning a simple construction
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scales can also be made but pilot testing indicated the terms were

understood. Further questions seeking information 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 communicatican, this was effected
almost exclusively 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

Sunmarising, one can say that a foreman's job in 1972
consisted of:-

a) supervising people and work
b) being concerned with safety and regulatioms
concerning safety
¢) solving probleas
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 muit conclude that a foreman's work
is largely managerial in nature. Supervision must consist sainly
of activities nmormally 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 Councrete.

A1l reference to responsibility was kept out of the questionmaire
sent to foremen but this is not to say that respomnsibility is not
an important factor in a foreman's work; Jjust 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 forusm organised recently at the University
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of N.5.W, by the *Australian Institute of Construction Supervisors.
G. Kavanaugh-Randell, Pest President, Australian Institute of
Construction Supervisors, himself a construction supervisor, said
at this forum,

o —————

"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,
s 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.
Svch responsibility is at a high level and is reflected in the
imporiance 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 teachiang 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 (23%) had completed a recognized foreman's
coursae, Whegn »  wand ne | . o< e . ‘ .



- 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, iz 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
i 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 cldss-room teaching was high and
suggested the preference ranking above was based on first hand
knowledge of the benefits of formal training. 1In 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 (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 aiternative selected by the other thirty percent,

* "Areas of Responsibility in the Comstruction Industry"
o 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 kmowing 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:i-

Surveying/practical surveying

Human relations/psychology

Managenent

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 qualificationsj
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 foresen™ would
give benefit. GSome engineer's during the early interview stages of
the project made comments to the same effect. The questions had
caused thes to examine more closely what they were doing and they
derived considerable benefit and satisfaction fros this.

The penultimate question sought general information and was
worded, "Please tell us as much as you can about a foreman's
job ana 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 wcre not disappointed. A summary of
this comment would read - junior management in a technology-based
industry. There were variations depending on whether, for exaample,
Local Government, or Comstruction Company were the employer but
these were slight. The work is esseatially practical im 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
jt is taken to sean knowledge about doing things and having
knovledge about materials and operations that can spoil the end result.
Theoretical knowledge often deals with the ideal, practizal knowledge
with the less than ideal, what makes it less than idsal, and how
the 'idealness’ can be maximised. Experience counts a great deal,
o but perbaps this is the only way of acquiring the exposure to and
FRIC knowledge of sanagement ideas, and also the practical training.
. Em=m gesponsibility received fair mention and items such as keeping cost
. o o } . & - i Mo oem- P
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“=“whe list in order of frequency of mention isse ~~ T

Surveying/practical surveying

Human relations/psychology

Managesent

Accounting/costings/costs

Technical items e.g. concrete, soil mechanics,
explosives, public health,sewerage treataent,
water supply, drilling, piers, caissons

Report writing :

Mathematics

Contracts, comtract 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 qualificationsj
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 forsal training.

Five of this group of forty said they would have liked the
opportunity to progress to a higher qualification e.g. diplosa
or degree.

One comment that gave pleasure stated - "gore surveys of
this sort to collate the thinking of up-and-cosing 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 imvited
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
Lpovledge about materials and operations that can spoil the end result.
Theoretical knmowledge often deals with the ideal, practical knowledge
with the less than ideal, what makes it less than ideal, and bow
the 'idealness' can be maximised. Experience counts a great dexl,
but perhaps this is the only way of acquiring the exposurs to and
knowledge of management ideas, and also the practical training.
Recponsibility 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 dicected towards
achieving objectives of a technical nature e.g. the coamstruction of
a concrete bridge, and in the achieving of this, problems have to
be overcome, men have to be preserved from ianger and much mechanical
equipment is employed.




To conclude the guestionnaire we teuted tne idea we had
developed early in the stuay that many construction foremen were
originally carpenters, anu solicited tue reasons for this. The
following table summarises lhe response to thic.

TABLE 8.3.3.a. RESPONSE TO PREMISE iTABLE 8.3.3.b. REASON IF IN

AGREEMENT,/OR NOT

—
No answer 13 No cpinion, no answer L1
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 typc. f work

- a carpenter does, hand
gconstruction work. 15

i A carpenter's job lasts
‘only 2~3 years on a large
- site and he thereforc

i takes jobs with other
tradesmen and gains inside

4N

In certain areas only

?

iknowledge. 1
Not necessarily so 1 !Carpenters work for

sLhemselves at cne clage

! and employers know they

;can be relied on. 1
Unclassifiable 1 ; Dependant on area of work 1

— s R
7h 1 74
i
4

|

Our conclusion is that the premise that training for a foreman's
job is mormally 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.

8e3.6. 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 correct in doing so.
Construction foreuen are an important sector of the population of
skilled people working in civil engineering, they are technicians
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No answer 13 No opinion, no answer L1

No ~ disagree 19 Carpenters have broader
contacts with other
trades and their methods. 10

O

Yes - &agree 33 Nature of & foreman's job.

Don't know 5 Civil engineering is

based on the type of work

a carpenter does, hand
construction work. 15

A carpenter's job lasts

only 2-3 years on & large
site and he therefore

cakes jobs with other
tradesmen and gains inside
knowledge. 1

In certain areas ouly 2

Carpenters work for
themselves at cne silape

and employers Kknow they

can be relied on. 1

Not necessarily so 1

Unclassifiable fl

Dependant on area of work 1
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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.
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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 corrdct 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 indicatiomns of the
main features of a foreman's work and those people concerned with
designing courses for civil engineering foremen or techmicians may
find value in those items specifically mentioned.
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9. CURRLCULUM DEVELOPMENY

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 theorerical studies of curricuium development and then attempt
to relate them to courses in civil engineeving currently provided by educaticnal
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 atticudes injected by individual
professors and lectures. Industry ac large appears to have had little impact
other than through advisory committees waich, 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, academis
claiming to know what is best for student courses, but being unwilling to offer
objective evidence rrom 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 giternative institutions for prestige and other social reasons.t
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
perpetuace the barriers. Essenrially, however, both industry and the tertiary
institutions are part oi the «Ucth century worlid, the one cannot survive for
long without the other.

* 'Replies were received in response to our enquiries from all universities
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batween th; 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 curricuium development and then attempt

to relate them to courses in c¢ivil engineering currently provided by educaticual
institutions. Since the universities have had sowe effect on the curricula of
the new C.A.E.'s data was also collected from all university departmentcs

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 percelved need, or outside wishes expressed through
advisory committees, or inside views and atcicudes injected by individual
professors and lectures. industry at large appears to have had little impact
other than through advisory committees woich, of aecessity, must be restricted
in size and ctherefore of .iimitred represencicion, «ad pecsuse of the inaustrial
duties of its members, meet on infrequenc occasions. The iimitations of chis
representation may be even more severe when it is cealised that advisory
committee members may be either poweriu., personable leading men in the industry
or individuals whose abilities mark then as comm.ttee members or attenders, both
of which categories may have littie to do with civil engineering at the
operational level in spite oi possibie protestations to the contrary.

The fact that industry at large has had comparatively little impact on
vocational education must be attributea to pbocth sides in fair measure, academia
claiming to know what is best for student courses, but being unwiiling to offer
objective evidence rfrom 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 vocaticunal training will avoid
the conflicting position of some universities, which proclaim their ability and
desire to ofrfer "education", but which are forced by econcmic circumstances to
offer ostensibly straigntforward vocational courses because large numbers of
students demand them for career preparation and until recently have rejected
courses in giternative institucions for prestige and other social reasons.t
At the same time peraaps, stuaies of the sort we are engaged on may dispel some
of the myths about employuent, in any case, of ¢ivil engineers and technicians
in industry, both public and private. The mythology of both sides helps to
perpetuace the barraiers. Essentially, however, both industry and the tertiary
institutions are part of tne 20cnh century worid, the one cannot survive for
long without the ocher.

Replies were received in response ¢o our enquiries from all universities

with the exception oi the University of Newcastle and all C.A.E.'s with the
exception oi the Souih austraiian Insticute of Technology. The authors are
most gratefui ior the assistance received from the various Heads of School.

+ OSee, for examp.e, 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 univessity courses.
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Of the few bridges between acudemiy and industry, the most formal
and easily recognizable 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 imstitutioas
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 manpower,
and skills to enable appropriate adjustment of curricula content snd tesching
methods”. Information was sought on the extent of participation of a)
persanent research unit, b) part-time research unit, c) advisory committee
(standing committee), d) ad hoc committee convened for specific tasks, e) snd
any other facility of this type. Further questions referred to the amoumt of
wrk carried out in the areas of task amalysis and job evaluation, on
industrial manpower needs (concerned with work), on industrial maupower 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 msking chsnges.

This short questionngire 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 Educatiom
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 mo
courses, from another department with s detailed account of technician courses,
from one college of advanced education saying its course had been in existence
for only a short time, and from two universities who declined to complete the
questionnaire as they felt that the fuformstion 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 curriculs
content and teaching methods were:

1) Advisory Committee
2) Ad Hoc Committee coavened for specific tasks

3) other (1) 1individual contact by hesd of department
(11) coantact through sandwich course
(111) survey of overseas college syllsbuses and
educationsl publications
(iv) questiomnaires

(v) having outside engineers on board snd
iovolved in staff discussions

Research ummits  either permsne " " *rarc o0 e “e Lk



snd skills to anable sppropriste adjustmsnt of curricels coateat asd 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, ¢) and
any other facility of this type. Further questions referred to the amount of
work carried out in the areas of task snalysis and job evaluation, on
industrial msnpower needs (concerned with work), on industrial msapower demsnds,
educaticnsl research with respect to teaching methods and appropristeness of

courses; curricula changes and the reasous for these, and finally information
on the systems in existence for reviewing courses and making changes.

This short questiounaire 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
¢) four Uaniversities,

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 deteiled account of technician courses,
from one college of advanced education saying its course had been in existence
for only a short time, and from two universities who declined to complete the
questionnaire as they felt that the informstion so provided would mot 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
informarion {s summarised below:-

1) The most frequently used instruments for assessing industrial needs

for Manpower and Skills to enable appropriate sdjustment of curricula
content and teaching methods were:

1) Advisory Committee
2) Ad Hoc Committee counvened for specific tasks

3) other (1) individual contact by head of departmeat
(1i) contact through sandwich course
(1ii) survey of overseas college syllabuses and
educational publications
(iv) questionnaires
(v) having outside engineers on board and
iovolved in staff discussions

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 wore senior staff wembers of a schoul of civil engineering might
spend between ten and forty nours per year in comnittee, with the average near
the bottom of the range. As far as research was concerned, few figures were
provided, but the iwpression 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 porne out by later answers. In any event they
are sSo near zeru &8 to virtuaily indicate nil research. The exception again
was one state governweut departwent of technical education whose division of
curriculun research has a staff of 12 professional officers who undertake

curriculum developuens revisiown and evaluation, industrial surveys, and related
research,

Advisory committee or board members were drawn from university
professors and staff, state departuent 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, Tcaching methods, Teaching facilities and Liaison
with industry.”" Its couposition 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 stafi members (Ex~0fficio), ome
university professor and tweive representatives of a wide range of public and
private industry.

Bendigo I.T. use a dilferent approach and state "It is proposed Lo
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 ~ppropriate 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 aithough 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 Universicy 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 wuce 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.

"Educationali researcn" 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:

(1) to keep abreast of changes interstate,

(i1) to provide a better integrated course,
r4449% o . - « .



fifteen to twenty hour range. The figures concerning research were somswhat
suspect because they were not borne out by later answers. In any event they
are 90 near zero as to virtuaily indicaete nil research. Tha exception again
was one state government department of technical education whose division of
curriculum research has a staff of 12 professional officers who undertake

curriculum developuen: revioion and evaluation, industrial surveys, and related
research.

Advisory committee or board membeis were drawn from university
professors and staff, state department heads and staff, private enterprise
heads and staff, recent graduates, students, and local govermment 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 Depactment on matters related to Course
design, Subject Syllabuses, Teaching methods, Teaching fecilities and Liaison
with industry." 1Its couwposition 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 octher extreme has three stafi members (Ex-Officio), ome

university professor and tweive repcesencatives of a wide ramnge of public and
" private industry.

Bendige I.T. use a different approach and state "It is proposed to
appoint an eminent practisang civil eugineer 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. He would be invited to moderate
the examinations and projects in the final year."

t

Some college Landbooks make no referemce to advisory committees although
they may exist, for example Swinborne aithough 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 diffieult to achieve. Roderick of Sydney University in
1971 in discussion with one of the authors explains how they were attempting
to alter their coursés in the light of the current views on engineering

educatior 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 teaching wethods and four on appropriateness of courses.

Six major changes in curricula were reported. The bases ecited for the
decision to change were:

(1) to keep abpreast of changes interstace,
(11) to provide a hetter integrated course,
(1i1) to meet a demand,
(iv) direct request for a particular course,
(v) advisory commictee,
(vi) representation from industry
(vii) co meet requirenencs of a professional imstitute,
(viii) stafi recommendations
(ix) surveys/questionnaires, .
(x) availability,
(x1) upgrading,
(xii) obvious need.
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It was pointed out &) ke (hat cuivicalum revision is a fairly
continuous process. A leafiet supplied later by Bendigo states that the new
Diploma course will be reappraised in 1477 “with a view to making any
amendments considered nccessary in the light of experience gained in the
first four years of operation. 1t may be necessary to amend the syllabus
content to incorpor.-te new dev. lopuwent: in the sciences and in civil

engineering. The course shouid contiaue tu be reappraised thereafter every
five years."

The system tor reviewing courses and making changes involved in most
cases hierarchical approval. Ten types were revealed:

(1) head of school initiaicd and conducted the review,
(11) study area committee meering regularly,
(i1i) individual subject pane¢l meecing regularly,
(iv) new students and new statf providing feedback,
(v) V.I.C. Course De.cl.pment Committee,
(vi) Engineering Acadewir Board, and Education Committee
of Council,
(vii) Board of Studies,
(viii) the use of questionndires witnh students,
(ix) occasional symposia,
(x) by encouraging staff and students to make suggestions
for iwmprovement.

The citea uses of the various instruments were as follows:

- <«
E P
ve gz |~ | 8
- BT BT | EE | o8 |1
25 |13 |39 |87 |58
2 |8 |3 T
2L |28 |28 |43 |82
State Education Departments (&) 1 0 2 2 2
Collegee of Advanced Education (5) 0 0 3 3 3
Universities (4) 0 0 2 0 1

Reference was made in the Irce espouse section to the substantial
industrial experience of mauy 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 praciised engineering prior to entering teaching, mskes
it a 'natural' for them to want to place all their teaching material in the
perspective of the ‘real world' eng.ueering environment - the world of ‘practice’.
Further, we endeavour, by use oi specialist lectures by practising Engineers
and by active encouragement to attend Iastitution of Engineers meetings, to briag
the student into contact with engineering practice."

Thus extensive use is made by some cclleges of indirect rather than
direct means of ensuing curriculum validity. Similarly some of the tertiary
institutions which responded