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An ethnographic approach was adopted to describe the types of work which engage professional
mechanical engineers throughout their careers. Twenty-one engineers from a range of organiza-
tions, educational backgrounds and career stages were interviewed and the records of those
interviews analysed 1o reveal a rich picture of mechanical engineering practice. Six different types
of work were_identified: problem solving, craft work, supervising, liaising, networking and
integrating. The patterns of development which emerged suggest that during a career in
mechanical engineering there is a substantial shift from an early focus on technical issues to con-
cerns that are essentially to do with human relationships. Concomitant with that shift there is an
increasing commitment (o activities which have to do with marshalling both human and material
resources 1o synthesize an engineered outcome to a business proposition. The paper presents a
typology of mechanical engineering work, which we believe provides a useful interpretive screen
for investigating the essentials of practice. It concludes with some important questions about

engineering education raised by the investigation.

INTRODUCTION

THE ROLE of engineering in the future of
advanced industrial economies is once again
emerging as central and dynamic, just as it was seen
to be throughout the heyday of the industrial
revolution. From about 1950 to the late 1980s,
science seems to have occupied centre stage, parti-
cularly the ‘big’ science which has led to spectacular
discoveries about the natural world on scales from
the smallest elementary particles to the astronomic.
That preoccupation with science led not only to a
widespread acceptance of the reality and import-
ance of scientific method, but also to a model of
industrial product innovation in which scientific
disoveries made though research triggered a linear
‘sequence of operations; research, development,
production, marketing and sales’ [1]. Now, accord-
ing to Gibbons [1] the pressures of international
competitiveness have undermined this linear
model and a new regime is emerging wherein new
products derive from the linking of a technological
opportunity with a market need. In this regime
‘knowing how’ is equally important to ‘knowing
what'. Engineering, it is now clearly understood,
makes its own contribution, as does science. But is
there an ‘engineering method’ to stand alongside
the scientific approach? This paper is concerned
with that question, seeking to illuminate the nature
of engineering work through an analysis of profes-
sional mechanical engineering practice.
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An ethnographic approach is adopted in this
paper. Fetterman [2] described ethnography as the
art and science of describing the routine daily lives
of people within a group or culture. The group of
interest here is engineers in professional practice
working in technology-based companies, i.e. com-
panies primarily concerned with using technical,
scientific and other relevant knowledge to produce
deliverables, whether products, systems or ser-
vices. A free-flowing interview technique was used
to record the experiences and perceptions of
representatives of this group in discussions about
the work they were engaged on, both at present and
throughout their careers. The records were then
analysed in detail in an attempt to build a valid
representation of the engineer-as-engineer, as a
foundation for a better understanding of mechan-
ical engineering work.

The paper begins with a description of the
ethnographic research methodology. It presents a
model of technological work developed from
studies of agricultural professionals [3], which
provided a conceptual framework for the inter-
views. It then details interview arrangements and
the analysis of recorded transcripts. It builds a
typology of mechanical engineering work from the
emergent themes, using extensive quotes from
individual interview records to ground the devel-
oping rich picture of professional practice. It con-
cludes with a discussion of the implications of the
investigation for engineering education.
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RESEARCH METHODS

Ethnography

Within ethnography, interviewing forms an
important data-gathering technique. Informal
interviews offer almost natural formats for data
collection, having a specific but implicit research
agenda. They do not involve any specific types or
order of questions, and progress much as a conver-
sation does, following the interests of the partici-
pant or the questioner. Ideally, the fact that an
interview is taking place should become trans-
parent after a short period of time, with the inter-
view forming a mixture of conversation and
embedded questions. This interview method is
particularly useful in establishing and maintaining a
healthy rapport.

Engineers from different sections in industry
were interviewed to define their career stage, to
draw out their experience in terms of the work they
do now, and how the daily focus of their work has
changed during their career. Each interview was
conductedinafree-flowing way inanattempt to gain
a rich picture of engineering work. The interviews
were tape-recorded and later transcribed in full for
computer-based analysis.

Five female and 16 male engineers were drawn
from a range of organizations and educational
backgrounds to cover four career stages. Three
major industry sectors—small private companies,
large private organizations and large public
utilities—were represented. The sample group was
chosen to realize a group of engineers whose skills
and roles encompassed an engineer’s working life.
A breakdown of the sample group is shown in
Table 1.

Model of technological work

The model of technological work that provided
the theoretical framework for the interviews dis-
tinguished four different types of technological
work—problem solving, employing ‘craft’ skills,
networking and integrating—which together
enable the constructive use of knowledge [3].
Competence in these four types of work do not
develop at the same time or even at the same rate.
Rather, there is a link between career stage, the
competence mix and the main focus of technologi-
cal work.

The model adopts the four career stages pro-
posed by Dalton et al. [4], each stage being
identified with a dominant primary relationship,

namely apprentice, colleague, mentor or sponsor.
Further, each stage is associated with ‘major
psychological issues’ which relate to the power
relationships within an organization. The appren-
tice stage is associated with dependence, colleague
with independence, mentor with assuming respon-
sibility for others and sponsor with exercising
power. The primary relationships and place in the
power structure are not primarily managerial in
nature, but rather are related to professional
expertise and standing. Power may derive from
influence exerted by personality, expertise and
opportunity as well as from position in the manage-
ment structure [5].

The types of work employed in this model also
derive from a technological or professional per-
spective. Problem solving has long been recognized
as a central activity in technological work. The
problem solving approach seeks to extract things
from their context so their behaviour can be
studied under controlled conditions. Essential
elements of the method include problem definition,
selection of appropriate analytical tools, produc-
tion of solutions and the evaluation of these against
set objectives. Craft work skills are gained through
informed application of accepted ways of doing
things, which are often enshrined in professional
codes of practice or in company or institutional
guidelines. Such an ability is not generally taught to
a significant extent in academe, but is learnt on the
job and counted as experience. Networking can
invoke support and contributions from many
different people and organizations, often necessary
in the process of taking an idea and putting it to
practical use. While technological work must be
based on good theory and practice, it is conceived
and implemented by a broadly based network of
human actors. Integrating is a synthesizing role for
the creation of new order. It involves the process of
planning, design, implementation, evaluation and
management, and may incorporate decisions about
people, processes, economics and facilities, the
whole having to satisfy business and personal
needs. Its success undoubtedly depends on the
ability to network and get things done, to employ
craft skills and to isolate problems for analysis but
it demands something more. It requires an ability to
put things in perspective, to attach meaning to
isolated facts, to address the real needs at issue, to
identify issues of consequence, and then to design
and synthesize a response to those issues.

The model shown diagrammatically in Fig. 1

Table 1. Sample breakdown

Organization Education Career stage
Small private S Student 4 Apprentice 4
Large private S University 10 Colleague 9
Large public 5 Post-graduate 3 Mentor 7
University 5 Diploma 2 Sponsor 2
On career break 1 Trade 1

1

Trade + university
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relates the types of work to career stage and depicts
how the focus of daily work changes over time. The
horizontal hatching demonstrates the cumulative
growth in professional skills and capabilities that
take place as a career progresses. The vertical
overlaid hatching highlights the main focus of work
at each of the career stages. This is the model that
was adopted to provide an initial interpretive
screen for the analysis of the recorded interview
data.
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Fig. 1. A model of technological work [3].

Use of NUDIST

Tape-recording of the interviews served to
capture the rich detail and flavour of the ethno-
graphic experience. The resultant data are then
organized and analysed using ‘NUDIST’ (Non-
numerical Unstructured Data, Indexing Searching
and Theorizing) [6], a dedicated qualitative
research package developed by LaTrobe Univer-
sity, Melbourne. NUDIST operates using a docu-
ment system and index system which have different
functions. The document system stores any num-
ber of off-line and on-line textual documents,
together with extra data about them, which are to
be analysed in the project. An index system is then
created to store references to ideas, concepts and
facts that arise, and to store references to the text
units in the documents that exhibit those ideas,
concepts and facts. Within NUDIST, the index
categories can be formed into a hierarchical tree
structure, called an indexing tree. The categories,
or nodes, within these trees can be created in
advance of as well as during the process of indexing
documents. There are a large number of ways of
comparing and relating index categories to each
other. These provide powerful methods of explor-
ing ideas and finding the contexts of concepts. The
analysis reported here focused on references to
types of work.

DATA ANALYSIS

Work indexing tree

Analysis of the texts reveal that the interpretive
screen had to be expanded to capture the variety of
tasks undertaken by the interviewees. Problem
solving, craft work, networking and integrating
activities were indeed evident but two further, quite
distinct roles emerged, namely supervising and
liaising. Figure 2 organizes this expanded view into
a work indexing tree. Statistics on the number of
text units retrieved for each indexing node and
from how many interview documents are provided
in Table 2.

EMERGING THEMES

Table 2 reveals that most of the engineers
interviewed considered that their previous jobs had
focused primarily on problem solving, with 11
interviewees making 56 references to that type of
work. During the interviews it was found that when
asked to recall previous jobs, most tended to
concentrate on their first job as a graduate. Their
first solved problems proved very memorable for
them. Craft work and liaising were also important
activities, with six participants making 16 referen-
ces to craft work, and six making 13 references to
liaising. On the other hand, there were only a few
references to supervising and networking and none
to integrating.

A significant shift from this distribution had
occurred for the group when they described their
current jobs. Craft work (12 participants making
28 references) and liaising (11 making 21 refer-
ences) remained important, but problem-solving
activities has been much reduced, only three
people making a total of 18 references. Supervising
and networking, however, had emerged as new
engagements, with five interviewees making 12
references to supervision and nine making 19
references to networking. Integrating had become
an important role for one of the group who made
11 references to such activities. In a general way,
then, the adoption of a conceptual framework in
which careers in mechanical engineering devel-
oped in a particular way—beginning with problem-
solving and tasks requiring on-the-job know-how
and moving towards more people-oriented respon-
sibilities—is vindicated by these rather bald statis-
tics. The full richness of the participants’
experiences, however, can only be appreciated
from their own words. In what follows aliases have
been used in place of real names, but the quotes are
almost verbatim.

Problem solving

Contemporary engineering education equips
graduates with a solid understanding of the scien-
tific method. It is therefore not surprising that all
industry sectors—large private, small private and
public firms—tend initially to set small tasks that
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Fig. 2. Work indexing tree.

Table 2. Coding details

Node No. of
text units

From no. of
participants

Previous jobs

Problem solving 56 11
Craft work 16 6
Networking 1 1
Integrating 0 0
Supervising 3 2
Liaising 13 6
Current jobs
Problem solving 18 3
Craft work 28 12
Networking 19 9
Integrating 11 1
Supervising 12 5
Liaising 21 11

mainly need basic problem-solving skills. These
tasks can be part of a larger project or agenda so
that there is support and advice available if
required.

BRIAN: I worked for a group they called
scientific services at that stage: it was kind of an
in-house consulting group where they had chem-
ists and engineers and scientists all in this group.
And if there was any specific problem that the
power station couldn’t solve themselves, then
they would call on this group to try and sort it
out. I was doing mostly vibration measurement

and analysis, they were trying to get condition
monitoring things going. They were having
problems with dust getting into the turbine hall
of Gladstone power station. So I built a model of
the power stations, and all the hills and every-
thing around it. It was taken out to the uni, and
put into the wind tunnel there to try and see
where the dust was coming in. That was fairly
successful, and I think they managed to redesign
the venting system to prevent it.

These graduate level projects are usually rela-
tively straightforward in a technical sense. Often,
they require ‘experimental’ type work as a pre-
requisite to the calculations performed in the
office. This helps to give the young engineer
valuable experience in the field and confidence in
their ability to see through an entire, though small,
project.

NICK: In one of the cases that I did, it was a very
big conveyor that never really started off very
well. If that had a cold morning, you just couldn’t
start the conveyor. So they were going to
upgrade the drives on it. It had one huge head
drive, and they were going to put in what’s called
a tail drive. They are two different sorts of drives,
and the conveyor itself was actually 30 km long.
That’s a belt there and back, 60 km of it. It was
actually a very interesting sort of conveyor—
instead of having a rubber belt with steel cords
inside it, it had a rubber belt with a few cross steel
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cords. And it sat on two wire cables about
60 mm in diameter. So all the drive and weight
was carried on the cables rather than the belt.
Still, that just added a bit of fun to the job. So we
actually went to the field, measured what the
existing conveyor did, in terms of start-up
torques, how the motor was controlled, how long
it took a stress wave to travel down the existing
belt, because it was unusual it was difficult to get
exact stiffness of the belt. So we got all that data,
fed it into the model, played around until we got
the thing working right and then stuck in the tail
drive, to see what they would do.

In consultancies serving particular industries,
e.g. the mining industry, the areas of work for the
new employee can be limited. New graduates in
these firms are typically given many similar pro-
jects to build up their skills in these areas.

NICK: What I was involved in was more XYZ’s
[the employing company| traditional line of
work, which is stress analysis of heavy machin-
ery, mining machinery, conveyors, big earth-
moving machinery, load haul dump trucks, drag
lines, that sort of stuff. I guess, XYZ’s two main
areas of focus in the mechanical section are
stress analysis type of work on existing or
proposed machinery as consultants. So they are
generally fixing a problem; or testing work, as
they call it, where you go out to the field with a
bunch of strain gauges, perhaps with what they
call telemetry equipment. Two of the jobs I
worked on involved experimental data which
had been measured by XYZ, where [ was feeding
it into a theoretical model, again that XYZ had
developed. So I did finite element work on some
fairly big models, you know, fairly big machinery.
One was part of a drag line, another was
stripping machinery for a bucket wheel excava-
tor, conveyor booms and what have you. The
second one was a thing called a design audit,
where somebody designs it for a customer, and
in this case XYZ was a third party who fitted
between the two. Taking the original design,
analysing it to what the customer stated its
constractual requirements were, and then saying
to the customer and to the designer—either it
passes your requirements, or it's close, or it
passes but we don't like this. So they were
auditors, just like accounting type auditors,
except they were doing mechanical design audit-
ing work.

There is usually close supervision of the young
engineer in these early stages to ensure the work is
being done correctly and that she or he is coping
with the requirements. Lack of experience particu-
larly in interpreting results and data will often
require an engineer in the colleague or mentor
stage to provide guidance.

SARAH: I could always go to my boss if I had

problems, but there was sort of no need. He gave

me the outline and had all the bits of equipment,
and I just had to make it all go together and work.

Basically sitting by yourself and doing it. On the
other hand, the analysis of the data when you got
it back, I used to get a lot of guidance in that area.
He'd seen those sort of results before and knew
what it implied, and I'd never seen it before and
had no idea what it was implying; well I had a
vague idea, but what was causing it I didn’t really
know. It's fairly guided, well the coding part
wasn't, that was just sit and work, nobody
bothered you, but as far as thinking what to do
yourself, I was totally guided. The boss would say
I want this done and that done, and you'd just go
off and do it, and give him back the results and
hope he’s happy. Whereas when you get to the
higher levels, you think, ah this part of this
laboratory isn’t operating correctly, how can I fix
itup? and you've got to work it out yourself.

Often graduates are given the routine projects
that are relatively straightforward in their solution.
This can lead to ‘recipe’ style solutions to design
tasks. When graduates are repeatedly given the
routine and straightforward projects when they are
capable of more challenging work, they can
become frustrated and disillusioned.

MICHAEL: I was unstimulated, let’s put it that
way. I was involved in doing work for Saxonvale
coal mine in the Hunter Valley, and I got
involved in the materials handling area, where
they design conveyors and so on to shift the coal
around the site. Now a coal mine has hundreds of
conveyors, and every one of them has to be
designed: and design means use a table and some
formulae and things to work out exactly how this
conveyor goes together. Once you've done two
or three conveyors, it wears a bit thin! I sought
more stimulating work within that group: I just
felt that I was under-utilized. Four years of
education, and come away with an honours
degree and I thought ‘I'm going to do something
good here.” But I was just bored, really bored
silly.

In small consultancies, however, there can be
quite a variety in the projects undertaken by the
organization. This requires more flexibility in the
application of problem-solving techniques. Such an
environment can offer challenges, usually with the
safety net of a fairly close-knit group of more
experienced engineers. With the pressure of time
restrictions, there is also the possibility of a less
thorough understanding of the basic principles
involved with a task. This can be quite discon-
certing to the young engineer who may be looking
for fundamental principles on which to build his or
her knowledge base.

JOHN: In consulting jobs I never got the chance
to really get to the bottom of anything. You were
always having to compromise on your under-
standing of the particular problem, just enough
to get the thing solved to some extent, and make
the client happy. But the actual processes
involved in understanding the problem: you
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weren't fully conversant with some stages. And |
found that frustrating. You would have to do
your job very quickly, because you were being
charged on an hourly basis. The charges were
fairly steep S95-S100 per hour. And there’s no
chance really to go off to the library and sit down
and understand all the intricate details of the
problem. Even though on the surface you look as
though you know what you're doing, you solve
things, you really don’t. You pick it up gradually,
like over the years, with experience of course,
then you start to understand what's going on.

Despite almost four years of intensive university
education, the first job for an engineering graduate
still involves a steep learning curve. Organizational
norms need to be recognized and adopted, old
skills need to be practised and new skills mastered.
The first job is thus the first step taken on the path
of professional development, and like all first steps,
can sometimes be a little daunting.

KELLY: The bottom line is that when you finish
your undergrad, you're dumb, you don’t know
anything. 1 went through that—sitting there
thinking I don’t know the first thing about this.
But that’s part of engineering, that you problem
solve. It takes ten minutes to organize yourself,
whereas when you first started it would take two
days of sheer panic!

Problem solving thus characterizes the grad-
uate’s first work tasks. The solution of these small
problems usually serves to build confidence and
provide a foundation for technical knowledge
during a career. They form important learning
experiences for the engineer, and of course provide
valuable solutions to the employing company.

Craft work

Craft work demands something more than
problem solving. It requires a deeper understand-
ing and confidence to define and interrelate an
issue with other considerations. In some cases it
can be seen as a form of specialization, but it can
also relate to an intuitive feeling for the right course
of action in a given situation. This level of ability is
acquired with experience and usually on the job.

BRIAN: There is a fair bit of problem solving
that we do. Except that it is a different type, you
don’t have a very clearly defined problem I think,
with this job. I'll just try and think of an example
of the kind of thinking you have to do ... Well,
say we have to decide from a choice of three
types of power stations that we're going to build
next: hydro, gas turbine, and coal fired stations.
And we have to work out which is the best option
to go for. There’s often more to it than just
economics. You need to maintain a proper
mixture of peaking capacity, and base load
capacity, and intermediate capacity within the
system, so that overall the system runs efficiently.
So out of all those various kinds of parameters
we have to bring together, we have to come up

with an economic plan for the future. That isn’t
really a problem solving thing.

Often engineers become technical specialists
through the requirements of their company, which
trains the engineer to fulfil current needs. This is
especially the case in large firms, where specializa-
tion at the colleague stage forms part of the career
structure.

LINDA: I was considered to be a technical
specialist in fibre reinforced plastics. So basically
any problems that they had with fibre reinforced
plastics I would be sent on site to investigate . . . [
became a specialist| through training in ABC |the
employing company]| because they had quite a lot
of problems with their fibre reinforced plastic
pipe at that time to failures and things like that.
Also they had a failure with their fibre reinforced
plastic paint which was at Bulimba. So there was
quite a bit of work in that sort of field.

In rapidly growing industries, such as communi-
cations, new developments can lead to faster than
usual career growth with technical specialization.
This can be attributed to new graduates coming
through from university, especially with research
degrees, with a high level of technical knowledge.
These graduates then become the main sources for
information regarding these new industries, and
can rise rapidly within this area.

SARAH: It has just come into existence this
protection signalling equipment. They have
international committees for the electricity
supply industry, and the communications section
were talking about this and decided that there
were no standards or procedures for it. Nobody
else is doing any work [in the area], so our senior
communications engineer gave me the task of
just finding out and designing these procedures.
There is a bit of actual electronic design to get the
circuit board to do the tests that are required as
well. So [I am doing| purely development of test
procedures with a lot of design. Now they want
me to write papers on it and put it into some sort
of Australian Standard.

Design is then an activity which necessitates
informed application of a variety of skills. Design
projects can thus be instrumental in the career
development from an apprentice to a colleague. At
the colleague level it can be considered craft work,
and a successful design is usually significant for the
recognition it can attract to the designer.

NICK: I've been working pretty much exclu-
sively on development of, well I guess you could
say production machinery and design related to
that. So I have a bit of production machinery
design, as in a cut-off line which pulls the sheet
off the coil and cuts it to length. Hydraulic
cylinders which needed design because we
couldn’t buy what we needed. Fairly small
projects really. Testing from my point of view,
even though they were small, because I had never
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done any design work. Certainly never put
anything on paper, which has then gone and been
built. I've done a bit of conceptual type design,
but it was always up to someone else to iron out
the bugs and check on material availability and
things like that. Whereas I now handle all of that,
which is I guess, fairly difficult design work, and
is a bit of a challenge in that way.

Craft work thus encompasses technical speciali-
zation, ‘know-how’ and design activities for a skill
more advanced than problem solving.

Supervising

Younger engineers than those in the mentor and
sponsor stages can be required to fulfil supervisory
or managerial duties. This recognition led to the
creation of a new category, supervising, which is
additional to the four types of work identified by
the model of technological work [3]. Supervising
involves taking some responsibility for the work,
direction or output of others. However, the super-
visory role is technically based and usually depends
on past experience in the particular field.

ERIC: I generally have a walk around the
factory. I suppose after three years I have a good
knowledge of what the product looks like, and
how it should look like. So I just have a wander
around and that generally takes i of an hour.
While I'm doing that I'll have a look at the test
sheds, and make sure that the operators are
testing correctly, and that they’re filling in the
forms correctly.

An engineer within a manufacturing plant can
play a vital role, smoothing out inconsistencies and
problems that arise within the system. Engineering
problem solving has had applications in the areas of
work methodizing, production and inventory
control and quality assurance systems, all of which
have potential financial savings for the engineer’s
employer.

ERIC: My job basically is to maintain the system,
to make sure it's keeping up with changes in the
plant, that it’s performing correctly, that the
board that we’re producing, or the product that
we're producing conforms to our internal speci-
fications ... We do tests at the end of the
production run, and throughout the production,
just to make sure that if you get bad tests at the
end of the production line, that somebody does
something about the board—they hold it or they
throw it away, or they decide that the problem is
not that great and they pass the board fit for sale.
But when they decide to do that, they record it
and tell somebody that they've made the deci-
sion.

Such activities indicate the assumption of
responsibility for others’ work earlier in a career
than was expected from the proposed model of
technological work. This can be an excellent
developmental experience for the young engineer,
with opportunities to acquire organizational skills.

HELEN: That was in an operations type role,
where most of my work was based on construc-
tion and commissioning of projects. And that
job, most of the time, was out in the field, finding
out where we're at, where we're going, sorting
out a few problems that happen along the way,
making sure everything is happening on time,
and chasing up suppliers for various bits of cable
and relay that’s not here. So that was a lot out in
the field, and a lot on the phone as well. People
asking ‘What's this, and where’s this, and I don’t
think this is quite right, can you check this out’,
and that sort of thing.

However, managerial roles are also common
later in a career when the engineer has reached the
mentor stage. The tasks are similar to those above,
often involving the co-ordination of the work of
tradesmen, contractors and other technical staff.

WAYNE: I've got two electricians and an
apprentice electrician who is in his fourth year
this year. I've got a leading hand electrician. Plus
an offsider as well. Plus I look after all the
contractors that come in; I get a lot of work done
by contractors. Just this weekend I've got two big
gearboxes apart, and I've got two different
engineering places making parts for me and that,
so I can get them all back together hopefully by
Wednesday.

Engineers in the manufacturing industry can
undertake supervisory duties to try and ensure
integrity in the process operations. This has
become especially important with the advent of

company accreditation to the new Australian
Quality Standards, AS3901 and AS3902.

ERIC: Sonow my jobis alot, not a lot of the time,
but sometimes supervisors on the production
line will get a measurement that’s below speci-
fication, or outside specification, and they'll just
let the product go through. Because the property
that they’re measuring isn’t critical, so they just
let it go through. So my job is to grab them and
say, hey, we've got AS3902 and you've just
blown it, and belt them about the ears a bit, once,
and hopefully they won’t do it again, or after the
third or fourth time they stop doing it.

Supervising is fundamentally the role of respon-
sibility for other company workers. It involves co-
ordination and organization to achieve set
objectives using the people available. In this way it
is a skill that can be used as a stepping stone to the
next career stage.

Liaising

Liaison and communication is such a fundamen-
tal part of engineering that it can be found at all
levels. Where it frequently presents the greatest
challenge, however, is at the apprentice stage, in the
engineer’s first employment. After an education
that plays down the importance of liaison skills, the
graduate often finds that their first job is character-
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ized by social development rather than develop-
ment of technical skills:

JOHN: The thing that I learned in eight years or
so is that consulting is not technical things. The
technical development is less than the personal
development and the communication develop-
ment and the social development, and dealing
with people. So while I don’t think that should be
in the course so much, it’s something that one
realises when one starts a job. All the things that
you learn very quickly are things that you didn’t
learn how to do in your course, like how to write
a letter, how to present information clearly to
managers and clients, and how to deal with
bottlenecks in the system. They are all things that
you learn, and you learn very quickly on the job,
and that’s where you should learn those things.

Similarly, engineers will find that the most
effective way to deal with organizational problems
and goals is through meetings, and personal
communication. Assessments of the time spentin a
typical day showed that a large proportion of most
engineer’s time would be spent liaising with others.

ANDREW: If I was to look at it on a daily basis,
my current day: probably two hours of it would
be liaison type meeting situations—just nurturing
the ideas for this quality assurance system. It's
definitely meeting based.

The kinds of information that is shared in these
liaisons naturally varies. Sometimes the exchange
consists of purely technical knowledge, or the
results of personal work or research. Brainstorm-
ing and productive meeting sessions can also be
classed as liaison type situations. Overall they are a
vital and probably under-valued part of engineer-
ing work.

BRIAN: I need data to run my simulations, and
there is communication going on at this level to
get data. We used to communicate with them
anyway, just for various reasons. Sometimes if
we needed a particular program for something,
we'd usually ask the other states if they had
anything, and what they thought of packages you
could buy from overseas.

There is a key, as with any personal exchange, to
be prudent with whom information is shared. A
couple of engineers were able to relate experiences
where they had given important knowledge to the
‘wrong’ people, where it was either misinterpreted
or acted upon without full understanding. This
occurrence is probably fairly common, especially
among younger engineers who are still identifying
other people’s roles within their organization.

SARAH: You give the information to different
people, to appropriate people. It's something
that you learn, you make a few mistakes when
you first get there by telling things to someone,
and because they don’t have a good understand-
ing in that area, they may be a high manager

but—like the managers here basically are in the
power field, and they aren’t too up on the
communications. So while they may foresee it as
being a large problem in their understanding of
the field, it is not really a major problem in a
communications background. So you give the
people with the right expertise the right informa-
tion, that’s always the best way to deal with it.
The others could always get their hands on the
information—if they came and asked me for it, I
would give it to them!

The information gathered from practising
engineers pointed to a lack of preparation for the
essentially social nature of engineering. Meetings,
formal and informal communication and group
situations were repeatedly emphasized as being a
vital element of professional practice. While liais-
ing emerged as being an important skill for a
professional engineer, it is unfortunately not recog-
nized and not cultivated during a university educa-
tion.

Networking

Networking also involves the social dimension of
the workplace. Engineering achievement can
demand a willingness to support and contribute
from many different people and organizations. It
then becomes vitally important to develop and
maintain working relationships with people both
internal and external to one’s organization.

BOB: We are involved in setting up a new
manufacturing company, in terms of production.
I am involved in organizing the factory layout,
the manufacturing method, setting up the system,
documenting, manufacturing, and in my spare
time act as quality assurance manager as well. I
guess in this last two years with a change of job,
my position is somewhat changed. Then again in
other ways it hasn’t. To a large extent I still work
on major involvement in leading a group of
people in the right direction, and I guess that’s
still basically what I do best. The group of people
is a lot smaller here, but I don’t think that alters
the whole principle of it.

In a consultancy, preparing proposals for work is
an important precursor to securing the contract.
This activity requires knowledge about the nature
of the work and the client’s requirements. A good
rapport between client and engineer thus needs to
be developed and this is facilitated by the net-
working process.

KELLY:Depending on what kind of jobitis, and
your area of expertise, if it is in my area, I might
go and talk to the client beforehand, and actually
find out what he wants. In some cases you
actually put a thought in his head, that he needs
something done, and then he’ll come back to you
and say ‘Gee, we really do need that done, can
you do it for us.” And we get the jobs like that,
because we’ve known him for 20 years you might
say. In other cases you read it in the paper, or you
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are sent a little job brief, because a lot of clients
just send it out to known firms, people that they
know. My role then would be to go and talk to
those clients, find out what he actually wants,
then prepare a proposal. You might go back and
talk to them again and say to him, ‘Well we
thought of doing this, what do you reckon, do
you like that idea?” All of these things are
essential for developing a relationship with a
client.

A younger engineer can experience difficulty
when attempting to achieve results without the
necessary support from others within the organiza-
tion. A lack of experience with the process of
networking and enlisting assistance will invariably
end in frustration for the engineer who is attempt-
ing to introduce new ideas.

MICHAEL: I was 22, and I was dealing with
fellows 30 years my senior, with 30 years’
experience in that particular industry. I had a
great deal of difficulty getting my ideas across,
and the things that I wanted to do were not
readily accepted. So I got quite a bit frustrated
with that. I was designing new upgrades to
equipment, and the only way I could get these
things implemented was to deal through the
maintenance manager, because he had the fitters
and the boilermakers on tap to do the stuff. And
his interest was in maintenance, and my jobs
were invariably given low priority, and yeah I just
felt it was a bit frustrating. I felt that I was
probably too young to be in that position,
because there was no other engineer in the firm.

When the networking process is well utilized, the
benefits can be of great importance to an engineer’s
work. This social skill uses relationships of power
and appears to be instrumental in the career
progression of a professional. Ultimately it is vital
in one’s personal development to be able to enlist
the contributions of others.

Integrating

Integrating is a crucial and complex role, and
often demands decisions about people, processes,
economics and facilities. These frequently need to
be weighed and combined for a business plan for
the future.

HAROLD: In the Rockhampton area, or Capri-
cornian electricity board, they have a group of
people in there who are well skilled in trans-
mission type material and equipment. They, as
well as a group in Townsville and in Mackay and
in Cairns, operate on our behalf, on our assets,
virtually as contractors. So from an agreed dollar
value, so an agreed amount of labour input each
year which is pre-planned, to a maintenance plan
which we draw up and agree with them, it is
virtually a contract of performance. We try and
monitor the amount of work achieved, work
output in units of output of their efforts. We
relate that to the reliability of the system, and we

do that via a ratio of corrective to preventive
maintenance. By that I mean that preventive
maintenance is that which we we do based on the
need to be doing it, and corrective is in response
to an emergency situation. That ratio of correc-
tive to preventive is a very good indicator of
whether the amount of maintenance we do is too
little, too much or just right. If we plot it over a
period of time, we hope to get some trend to see
which way we are going.

A high-profile role within the Institution of
Engineers, Australia can also provide opportuni-
ties for integrative type work. Although this work is
voluntary, it still involves many of the components
of integrating that are to be found in any private or
public corporate organization. The role of co-
ordination of a number of conflicting demands
shows well in the following excerpt.

THOMAS: The Institution is quite a strong body
now, it is a real business in fact. Its income is
about $8 million, or more than that actually with
its income from publishing and conferences and
so on, so it is around a S10 million per year
business. That’s run by quite a large permanent
staff in Canberra, around 80 people, and a large
number of voluntary people like myself, who
form a council out of those people. The organiza-
tion is also structured to run a number of boards.
I chair one of those boards, that's Member
Affairs, at the moment. That involves looking
after the division of monies to all the divisions
around Australia, there are offices in all states,
and member issues of course. The major sub-
committees under member affairs are Young
Engineers, Women in Engineering, and a new
one that we have got going at the moment is
Unemployed Engineers. I'm performing a co-
ordinating role for the Institution’s activities,
assisting unemployed engineers around Aus-
tralia. As well as that, I guess there is always a
considerable effort in that portfolio to make sure
that our standards are recognized by the rest of
the world.

Integrating skills are generally implemented after
a career developing the other types of work
outlined above. It is unique, drawing on all, yet
demanding more of the individual engineer.
Usually it is most required in a position of higher
responsibility within an organization.

ATYPOLOGY OF MECHANICAL
ENGINEERING WORK

What emerges from the analysis is that not only is
mechanical engineering work rich in the variety
and level of technical challenge but also the focus of
that work may shift away from technical matters as
a person’s career progresses. There seem, there-
fore, to be two major determinants of the sort of
work that mechanical engineers do in technology-
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based businesses. One factor is the particular
aspect of the operation engaging the attention of
the engineer. Linstone [7] argues that there are
three such aspects, the technical, the organizational
and the personal. According to Linstone, in a
socio-technical ~ system,  technologies  are
embedded in an environment of human beings.
Human beings are then involved in two ways: as
social entities and as individuals. The second factor
is the current career stage, defined by primary
relationship and place in the power structure.
Power may be interpreted to include forms exerted
by personality, expertise and opportunity as well as
the perhaps more widely recognized form deriving
from position in the management structure [5]. In
that case these two factors, aspect and power, can
in the first instance be considered reasonably
independent. This suggests their use in construct-
ing a typology of mechanical engineering work.
Figure 3 sets up the two factors along orthogonal
axes. The baseline locates the three aspects. The
order in which they appear—technical, organiza-
tional and personal—is derived from the change in
the modes of enquiry that are commonly associated
with them. Technical matters are usually seen to be
amenable to enquiries that seek to establish
‘objective’ facts, independent of values and not
conditioned by considerations of purpose. Per-
sonal matters, on the other hand, clearly are value-
laden, and considerations of human judgement and
purpose are essential elements of enquiry in that

domain. Organizational aspects lie between these
two positions, containing both ‘objective’ or struc-
tural elements and ‘subjective’ human elements.
The second (vertical) axis locates career stage
along a dimension of increasing power to influence
what happens within a business. The picture that
has emerged from the analysis of the interview
transcripts may now be charted on this ‘map’.
The new graduate, then at the apprentice stage of
a career, is typically first given project work which
involves using the problem-solving skills devel-
oped during education. Over time, the graduate
builds on these technical competencies through
increasingly complex engineering tasks, which also
require an understanding of the contextual ways in
which particular companies operate. Side by side
with this development, the engineer is increasingly
given supervisory duties, adding organizational
aspects of work to technical issues. Competence in
both technical and organizational aspects results in
an acknowledgement of particular expertise and
the expectation it can be exercised independently.
Further developments may shift the focus of atten-
tion to liaising with suppliers, customers and
colleagues, or to networking internally and exter-
nally to advance engineering projects by team
work. There are more responsibilities to promote
the interests and professional development of
other people, and in time, the power to influence
policy and direction. It seems, therefore, that
problem solving and craft work reside more or less
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in the region defined by the baseline technical and
organizational positions. Supervising and liaising
are centred about the organizational position, but
also embrace to some extent both technical and
personal issues. Later career stages open up oppor-
tunities for enhancing individual progress and
contributions so that networking should be placed
above the personal position of the horizontal axis.
The various types of work, therefore, may be
represented as broad contours on the typological
surface, as shown in Fig. 3. The spacing between
the contour lines has been guided by the occur-
rence of references in Table 2.

Integrating type work seems to be an exception.
While only two interviewees, both at fairly senior
levels, clearly identified integrating activities as
distinct and important, it appears that most of the
engineers were engaged in activities which required
a synthesizing role. In the early stages of a career
this role can be recognized in design activities. In
the later stages it appears as the ability to create
order by marshalling the skills of a group of people
in the accomplishment of a task. It should perhaps
be regarded as providing the direction and form an
engineering task takes, within which the other types
bring an idea to fruition. To represent this, integrat-
ing is shown as an increasingly dense overlay,
covering the whole typological surface.

A career path in mechanical engineering then
might be pictured as starting in the bottom left-
hand region and moving, most commonly, towards
the top right. There is a spread of distance travelled
along this route which would see most engineers
occupying the centre regions. Other paths might be
imagined to head more vertically or horizontally,
depending on the nature of the organization’s
business and the engineer’s place in it. In any case
this analysis suggests that most engineering careers
lead to a substantial involvement with people and
that it is the social fabric that both empowers and
constrains the accomplishment of engineering
tasks.

THE CHALLENGE FOR ACADEME

The analysis has important implications for the
education of professional mechanical engineers.
Traditional tertiary courses seem to have evolved
from the premise that engineers are essentially
problem solvers. Furthermore, the problems to be
solved belong mainly in the technical, material
domain. There has been, in recent times, a recogni-
tion of the role of management in a professional
engineering career, with the consequent demand
for management studies in undergraduate pro-
grammes. However, very often such studies adopt a
problem-solving philosophy, favouring a ‘rational’
or objective model of human behaviour. For
example, management by objective is claimed to
provide an entire and appropriate management
system. The result of this analysis, however, point
to the need for a whole range of competencies in a
developing and changing career, many of which lie
outside a technical world view.

Some challenging questions arise. Can the grad-
uate engineer be better prepared for the oppor-
tunities and demands of a career path that leads
many into the unfamiliar territory of value-laden
and subjective judgement? Should the responsibil-
ity for personal development in these directions
reside in the workplace rather than in academe?
Should the educational institution have an ongoing
role in professional growth, perhaps adopting a
university-for-life philosophy? It is clear that
contemporary industrial structures require a
careful and informed consideration of these and
similar questions. Furthermore, it is in formulating
answers that a better understanding of the
engineering method will emerge, and the contribu-
tions that mechanical engineers make to society
will be enhanced.
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