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Published Research on Engineering Work

Sabbia Tilli, James Trevelyan®

Abstract

Understanding the nature of engineering work is a pre-requisite for improvement. We
define engineering work as the planning, analysis, design, organization, administration
and the final production or maintenance work that results in useful products, solutions
and services. Engineering literature mostly focuses on the ‘objects’ and techniques that
interest engineers: there are only a few accounts of the people that do engineering work
and what that work actually involves. The relevant literature contributes a combination
of personal opinion, anecdotal reports, and empirical evidence from quantitative and a
few qualitative surveys. Most of the empirical evidence provides only indirect and
limited evidence on the nature of engineering work as it is practised because the survey
questions seem to be based on preconceived notions of engineering work. Almost all the

papers in the literature that refer to engineering practice aim to provide evidence for
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changing engineering education or evidence to support a particular set of engineering
competencies. From these narrow objectives we can learn a little about the nature of
engineering work, but more direct evidence is needed before we can work towards a
comprehensive understanding, let alone improvement of engineering working methods

and practices.

CE Database Subject Headings: Engineering, Engineering education, Engineering

profession, Engineers, Management, Management methods.

Introduction

The aim of this paper is to review research literature that can inform us about engineering

work, or the work that engineers and technologists perform.

Our interest in this subject was originally motivated by experience of engineering work in
third world countries. We found that people in some developing countries pay more for
engineered products and services than we do in Australia, even though hourly labour
costs for engineering work are much lower. Engineered services include transport, water
and energy supplies, infrastructure construction, manufacturing and communications.

For example, we have observed that the end-user cost of potable water (dollars per



thousand litres) in areas served by water supply networks in Pakistan can be between 5

and 25 times higher than in Australia(Trevelyan 2005a; Trevelyan 2005b).

Engineering and technical knowledge seems to be universally available through the
Internet and widely available books. Engineering education follows a small number of
fairly standard patterns throughout the world. Therefore it is worth asking why the end-
user costs in developing countries are higher. We hypothesized that part of the answer
may lie in the different engineering working methods and techniques adopted in these
countries. The current surge of commercial interest in outsourcing engineering work to
developing countries such as India, Pakistan, Indonesia, Philippines and elsewhere is
based on the assumption that engineering labour costs in these countries are significantly
less than in industrialized states. While hourly rates are low, the low standard and high
costs of engineered services in these countries raises interesting questions about what

engineering work really involves.

While this problem motivated our research, we have a long way to go before we could
provide a complete explanation, let alone solutions for the high costs in developing

countries. We first need to understand engineering work in our own country.

When we reviewed the literature on the nature of engineering work to seek answers to

these issues, we were surprised that so little systematic research has been performed on



the nature of engineering work, even in industrialized countries. This absence is
particularly striking when drawing comparisons with the extensive research literature on

management and business techniques over the last 100 years.

The second motivation for this research has only become apparent from our field studies
of engineering work in Australia and Pakistan using extensive interviews and
observations. Preliminary results (Trevelyan 2005c) have{Trevelyan, 2005 #278}
revealed that engineering work is much more complex than we initially thought, even
with extensive first hand experience. The skills needed for most of the roles that we have
observed engineers performing are learned after formal training has been completed and
some of these roles do not seem to have been recognized before. For example, we have
found that coordinating the work of other people over whom the engineer has no
authority seems to be the most significant role performed by engineers. Much of the
technical knowledge that is used in engineering work does not seem to be written down,
and much of it is tacit knowledge in the sense that engineers are not even consciously
aware of it. Engineering work seems to require a great deal of on-the-job learning yet
engineers find it difficult to describe it in detail, beyond simply “practical experience, the
difference between theory and practice”. A systematic understanding of engineering
roles might open opportunities for a more organized approach to on-the-job learning by
young engineers. As we shall show, the existing literature does not provide any detailed

analysis of engineering roles.



The third motivation for this research is concern in many large Australian companies
about maintenance and engineering asset management. The introduction of computer-
based maintenance management has not provided the improvements that many thought
possible. A recent study of Scandinavian companies (Hagerby and Johansson
2002){Héagerby, 2002 #269}has shown that the direct cost of maintenance and indirect
costs associated with lack of plant availability due to breakdown amount to between 10%
and 50% of turnover, with an average (n=6) over 30%. Informal industry estimates
suggest that the volume of engineering work in Australia associated with maintenance
and upgrades far exceeds that on new equipment and product development. Yet, we have
found only a single study of maintenance work in the research literature. While there are
many prescriptive publications that advocate how maintenance work should be done,
there is almost no research on how maintenance work is actually done. Yet this is what

we need to understand if we are to improve maintenance standards.

Engineering work is important because of the very significant contribution that engineers
and technologists make to both industrialised and developing economies. For example,
data from the UK shows manufacturing engineering "contributed about £156 billion to
UK goods exports...the production and construction industries accounted for 27% of

GDP" and "Total engineering manufacturing was valued at around £64 billion in 2002,



representing 7 per cent of total UK GDP" (Engineering and Technology Board 2003). It
Is reasonable to assume these figures are similar for engineering work in other
industrialised countries, noting that defence, energy and essential utilities, transport and
communications services additionally rely on engineering work. The UK estimates help
to illustrate the very significant contribution of engineering to an economy and thus the

importance of the work of engineers.

Since the value of engineering work is very significant to the economy, even small
improvements in engineering working methods and techniques could generate
considerable savings. Any attempt to improve engineering working methods requires an

examination and understanding of what engineers and technologists do.

What do we mean by ‘engineering work’? We would like to avoid distinctions between
occupational groups, especially between “‘engineers’ as professionals and other workers
such as technologists. Instead we will focus on all the work, including the planning and
organization that leads up to the ultimate ‘production’ work whether executed by
production workers, technicians, tradespeople or machines. It is essential to recognise
that most engineering involves highly coordinated work by many people with different
roles and success relies on the ultimate production work being done correctly. Engineers
seldom do this themselves yet they are often held responsible for the production and

service delivery work performed by other people. We can distinguish several aspects of



‘engineering work’. Planning, analysis, design, organization, and administration precede
the final “hands-on’ production or maintenance work that results in useful products,
solutions and services, yet all are part of engineering work. In practice there is no clear
dividing line between the different aspects. Engineers often engage in hands-on work
and technicians are often involved in planning and coordination, as we see in Orr’s
detailed account (1996). At the same time we also need to be interested in diverse roles
of engineers. Engineers may refer to some of their roles as “not real engineering” work,
sometimes “all that admin stuff”. Engineers even organize social activities for their
companies. Yet these roles are still part of the picture if we are to understand what

engineering is all about.

Technical working methods for a most engineering tasks have been described in detail in
engineering literature. Design codes are a good example of this. Engineers learn basic
methods for analysis and design in their undergraduate courses and many will learn more
refined methods once they start their professional work. Technologists also learn about
working methods in their formal training: these are also described in published literature.
They learn the uses of different tools, how to work with different materials and

components, how to understand drawings and written specifications and so on.

However, even with the vast library of technical literature at our disposal, there are

significant areas of engineering work that the literature does not seem to describe. For



example, engineering literature provides few answers to the following questions posed by

Mintzberg (1973) about managers.

1.

2.

10.

11.

12.

13.

What kinds of activities does the engineer perform?

What kinds of information does the engineer process?

With whom does the engineer work? Where? How frequently?

What are the distinguishing characteristics of engineering work?

What is of interest about the media the engineer uses?

What are the activities the engineer prefers to engage in?

What is the flow of these activities during the workday, the engineer’s use of
time, the pressures of the job?

What basic roles can be inferred from a study of the engineer’s activities?

What roles does the engineer perform in moving information, in making
decisions, in dealing with people?

What variations exist between different engineering jobs?

To what extent can basic differences be attributed to the situation, the engineer as
an individual, the organisation and the environment?

To what extent is engineering a science?

To what extent is the engineers work a program (that is, repetitive, systematic and

predictable)?

To these we can add:

14.

What does the engineer need to learn on the job? Where? How?



15. Where and when do engineers learn about effective working methods and
techniques?

16. To what extent do engineering activities relate to management in general?

17. What are the distinguishing characteristics of engineering management from
management in general?

These questions lead to other practical questions such as:

18. How can we assess the effectiveness of engineering work?

19. Which working methods and organisational structures lead to more effective
engineering?

20. How can we improve these learning processes?

21. How does engineering education in the traditional pattern at universities and

colleges contribute to this learning process?

In some discourse, engineering work is considered to be purely technical. For example,
Hoag (2001) presents a comprehensive work on continuing education and on-the-job
learning for engineers without mentioning any non-technical skills training at all. On the
other hand, Connelly (1996) surveyed “personal and professional” skills, i.e. non-
technical skills and knowledge, even though in the introduction they acknowledge that
enhanced oil and gas recovery methods, decommissioning and abandonment will have an
impact on the skills engineers need to acquire and develop.” In (Barley and Orr 1997,

Ch 2) we find evidence of a prevailing image that separates management from



engineering (for another example see Moretti 2002). A person is either a manager or an
engineer: the former has little or no technical content in his work and the latter has little
or no social dimension to his work. However, our own work informs us that engineers

and technologists engage in roles that involve management of people.

From anecdotal accounts and even the literature reviewed in this paper, management
work and engineering work are intertwined and difficult to separate. Management is an
intrinsic part of most engineering activities. Yet, it is not so easy to see where
engineering work is no longer management, or where the technical side of engineering

makes engineering management distinctly different.

Since engineering literature mostly focuses on the ‘objects’ and techniques that interest
engineers, we have to turn to non-technical and social sciences research literature for the
few accounts of the people that do engineering work and what that work actually
involves. We have conducted an extensive search to find accounts of research that could
help us understand what engineering work involves. In remaining parts of this paper we

present the results of this search.

In reviewing the literature we have been careful to assess the methods used by different

researchers. Social science research methods have been critically assessed by many

researchers and have evolved substantially in the last few decades (e.g. Bucciarelli 1994;

10



Huberman and Miles 2002 ; Miles and Huberman 1994; Mintzberg 1973 Appendix A;
Patton 1990; Strauss 1987; Tripp-Reimer et al. 1993; Zussman 1985). Since we are
ultimately interested in human behaviour we need to take these techniques seriously in

our analysis.

Technical Literature

There is a vast literature of publications describing technical engineering research and
development. However, these papers only address the detailed technical aspects of
engineering work which is only one important facet. Anecdotal information suggests that
the technical aspects of engineering constitute less than half of the work of engineers (e.g.
Florman 1997; Richardson 1997). This literature does not provide a complete and
accurate picture of the work of engineers. Ergonomics and human factors engineering
researchers have studied specific work practices, of course, but the focus has
predominantly been on specific machine and process operators, for example, pilots and
air traffic controllers. (Reason and Hobbs 2003) provides a useful example: a detailed
analysis of errors in aircraft maintenance work, yet a detailed description of the work
seems to be assumed: it is not described. Many engineers and social scientists have
studied design work, one of the most technical roles that engineers perform (e.g.
Bucciarelli 1988; Coles and Norman 2005; Eckert et al. 2004; Vincenti 1990; Wilde
1983). Their interest has been the nature of the design process and is usually motivated

by the desire to improve it. The most valuable of such studies focus on real designers
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rather than students as is the case in many others. Perhaps this reflects the perceived high
status of design work among engineers, especially in high technology: “design is
frequently taken as central” by engineers (Vincenti 1990, Introduction). Schon (1983)
provides some extensive descriptions of this process. Florman (1987) also provides a
discussion on the creative side of engineering design which has been compared to the
work of great artists. Leonardo da Vinci is one of the outstanding figures in renaissance
history that clearly combine engineering and artistic abilities. Interesting though they are,
these accounts and many other biographical works rarely mention the critical role that
numerous less prominent engineers play in taking designs and inventions from concept to
useful products ready for ordinary people to rely on. Seemingly mundane maintenance

and administration that is equally essential is almost invisible in the anecdotal literature.

Engineering Competency Standards

It is worth noting that professional engineering organisations such as Engineers Australia
have established carefully drafted “competency standards” which they use to decide on
professional grades of membership (Engineers Australia 2003). While these sources also
provide an insight into professional engineering work, they are both prescriptive (to
encourage high standards of conduct) and designed to help distinguish one grade of
membership from another. It is not easy to find connections, if any, between professional

competency standards and published research. Engineers Australia (2003) provides no

12



explicit reference to systematic research to establish competency standards but does

mention work with focus groups of experienced engineers.

Non-technical Literature

For a more comprehensive view of professional engineering work we have to turn to the
wider non-technical and social sciences research literature. Most of this is devoted to two
areas: engineering education (about 35 journals) and engineering management (about 60
journals). A small number of ethnographic studies have been published, mainly as books
or collections of papers and these provide much the richest source of published data.
Table 1 presents a list of reports and surveys, classifying the sources of information in

each.

This body of literature pays attention to the broader work of engineers because a general
understanding about what engineers do underpins research in engineering education and
engineering management. However, most reports seem to rely on implicit theoretical

frameworks or assumptions on the nature of engineering work.

We can use one example from the education literature to illustrate this issue. Deans
(1999, p152) comments on the need for a broad understanding of what (in his case
mechanical) engineers do in order to make changes to engineering education. In further

comments about how best to restructure an undergraduate engineering course, he says it
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is necessary to ask “fundamental questions such as “What do mechanical engineers do in
New Zealand?” or the analogous question “What training is required during the
mechanical engineering degree course to ensure graduates can perform duties expected of
them?” He seems to imply that both questions will produce the same answers, and in
doing so makes the implicit assumption that it is possible to develop competent
mechanical engineers entirely through their undergraduate education. This would suggest
that a) we can determine what engineers do, b) that university staff can and will teach the
material that will enable students to develop these skills, and c) that students can and will
acquire the required knowledge and skills. These assumptions appear to conflict with
evidence from anecdotal accounts and professional engineering organizations that

suggests that engineers require substantial further learning after graduation.

Engineering Education Literature

The literature on engineering education can be divided into three main areas of focus:
1. The various merits of how to teach with technology based tools such as online
learning, the use of multimedia and its effectiveness in learning situations, and
collaborative virtual environment for problem solving (e.g. Alexander and
Smelser 2003; Lopez Martin 2003; Trevisan et al. 1999). There is also some
discussion on what to teach students (e.g. Florman 1997; Livshits and Sandler

1998).
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2. The merits of various national accreditation systems (e.g. Bordia 2001;
Brusselmans 2000; de Barros 2001; Del Castillo 2000; Jefferies and Evetts 2000;
Ohnaka 2001; Schachterle 1999; Vekstein et al. 1999) and how engineering
education is conducted in different countries (e.g. Beccari 1993; Chaturvedi 2000;
Ghadban 1998; Grunwald 1998; Palit 1998; Ryan-Bacon and Delisle 2001,
Simpson 2000; Vekstein et al. 1999).

3. Industry requirements for graduates and issues of quality in engineering
education. Much of this work is devoted to recommendations about how
engineering students should be educated. The frequent suggestions for changes to
courses indicate that research in this area is motivated by the desire to change the
material taught in engineering curriculum. For example Bons (2003, p65) say of
their work “This paper presents finding of research on determining how
tomorrow’s engineering graduates could be better prepared to learn and apply

tomorrow’s new/emerging technologies in increasingly global industrial contexts

Of the three areas of discussion in engineering education, only the last refers directly to
the work of engineers. Papers that provide evidence on the nature of engineering work
can be divided into two categories: reports with empirical data on what industry wants
from engineers, and qualitative, mostly prescriptive papers based on personal experience

or anecdotal evidence.
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In the writing that is not empirically based, discussion about the work of engineers and
what industry wants from graduates is informed by general beliefs about engineers and
engineering ( See for example de Graaff and Ravesteijn 2001; Pearce 1999; Peschges and
Reindel 1998; Wilde 1983). Taking just one example, de Graaff and Ravesteijn (2001,
p426) conclude from the discussions at a SEFI conference that the “Four categories of
competencies future engineers should possess were postulated:

a) professional knowledge and skills,

b) science, technology and society abilities,

¢) knowledge and skills regarding organisation and management, and,

d) communicative and social skills”.
It is noteworthy that there are some very interesting and thoughtful reflections on

engineering education, (e.g. Beder 1999).

While these reports are interesting, general understandings about what engineers do that
inform much of this literature seem mostly to be based on subjective experience rather
than objective observations and we cannot be sure that they present a complete picture of
engineering work. In these reports we also see a diversity of views about what engineers
do and also evidence that engineering work has changed over time and continues to
change. Beder (1999) outlines the multiple images of engineers and what they do — from
both within and without the profession and Nguyen (1998, p66) titles a small section of

her paper “The Changing Role of Engineers”.
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The empirical evidence we have uncovered on what industry wants from graduates comes
from surveys of groups such as engineers, graduates, undergraduates, human resource
personnel and engineering company executives (See for example Bons and McLay 2003;
Deans 1999; Doron and Marco 1999; Lang et al. 1999; Leinonen et al. 1997; Mason

1998; Nguyen 1998; Sageev and Romanowski 2001).

Most surveys present respondents with lists of items to rank in order of importance:
skills, attributes, competencies or material to be taught. The intention behind this type of
survey is that a conclusion can be drawn about what engineers need to know and what
engineering students should be taught. It is interesting to see how the items given to
recipients to rank are chosen. In most of the cases we encountered the items to be ranked
are based on existing information: earlier literature, existing courses or the
skills/competencies/attributes deemed desirable by national engineering bodies. For
example, Deans (1999, p157) asks graduates “to rate the emphasis which should be
placed on the topics listed in Table 1 within the new course structure”. Nguyen (1998,
p67) says of her empirical research, “a survey questionnaire was developed to include
seven generic skills and attributes, and several sub-groups (specialist skills) within each
generic group, as proposed by Pudlowski and Darvall (1996), from which respondents
could make a selection”. These examples of conducting a survey are typical and are

based on earlier understandings of what engineers do in their work and so should learn as
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students. Surveys can only provide indirect evidence on the nature of engineering work
because the survey questions and ranking lists must be based on a prior understanding of
engineering work. For example, in trying to determine what skill are important to
engineers, Deans (1999, p158) asked his survey subjects to rank a list of skills. This was
developed on the basis of his belief that they... “are generally considered to be important
to engineers. Limiting the list to 13 skills was an arbitrary decision and it was recognized
that many important skills, such as leadership, were missing.” Mintzberg (1973, p199-

229) provides a comprehensive account of similar methods and their limitations.

In some cases the survey subjects were not prompted with lists of items to rank. For
example, Leinonen et al (1997) ask “What technical skills does your company expect
from graduate mechanical engineers?” and “How well do the studies of graduate
mechanical engineers match you company’s needs?” Most of the subjects in this study
were holders of a Diploma in Engineering (MSc equivalent). This technique has similar
weaknesses because it relies on the respondent’s perception and awareness of what he or
she does and the skills used. Asking students (included in the survey) for their thoughts
is an interesting technique given that there is a debate in the engineering education

literature about what engineering students need to know and so should be taught.

Doron & Marco (1999) used the Job Analysis technique (see below) to determine what

skills are required for a biotechnology engineer and so what undergraduate training
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syllabus should be implemented. The study was limited to 37 biotechnology engineering
firms and provided a list of skills necessary for a competent biotechnology engineer at

engineering technologist level, limiting the scope for generalization.

“Job analysis is a technique for the presentation of detailed information about activities
performed in the framework of a position and the determination of employee
requirements for the optimal performance of such activities... Job description, in practice,
is defined as the sum total of duties (sub-duties and elements) representing the content of
the job, that is, the activities performed and the tools used to aid performance. Job
analysis is based on job description, which in turn determines the demands or
requirements for skilled job performance, such as professional training, experience,
mental and physical skills, and personal characteristics. Hence, the goal of the job
analysis determines the way in which the analysis is conducted.” (Doron and Marco
1999, p164) Although a job description is a statement of desired duties rather than actual
behaviour, it still provides some useful pointers to the nature of engineering work in that

position.

Few papers report qualitative surveys. Solomon and Holt (1993, p443) used qualitative
interviews with 21 mechanical engineers, at different stages in their career, 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.” They used qualitative methods to substantiate and
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extend a pre-conceived model of engineering in terms of problem solving, craft work,
networking, supervising and integrating roles. In a subsequent paper, Holt (1994) takes
the argument further to obtain generic engineering competencies: special knowledge,
operating skill, sense-making ability, sound judgement, wise direction. He uses the
details of what engineers do in their work to develop a broad model/picture of mechanical

engineering work and uses this to argue for changes in engineering education.

Taken together, we can conclude that the empirical literature dealing with what industry
wants from graduates and quality issues in engineering education, almost without
exception, does not seem to be based on comprehensive studies of engineering work. We
cannot be sure that most of these reports present reliable evidence on what engineering

work entails.

Engineering Management Literature

Management and human resources research has provided another significant body of
useful literature that focuses on engineers in the workforce rather than the needs of
engineering students. Engineering management literature, in particular, is informed by
knowledge of engineering work though relatively few papers present explicit data on this.
Many papers make suggestions about the skills and information engineers require to
function in an optimal manner. For example Caspersen (2002) illustrates the need for

cross cultural skills, Mercier (2000) highlights the improvements engineers need to make
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when dealing with non-engineers and non-technical people, Richardson (1997; 2000)
points out the need for engineers to have a very good grasp of marketing and
management issues, Riemer (2002) emphasises the importance of communication skills
for engineers, and Premeaux (1994) comments on the need for engineers to have
management skills. This is a small sample of a large body of literature that advocates
particular techniques or working methods. The number of reports that provide insights

and observations on what engineers actually do is much smaller.

Approximately half the articles written in this area are based on anecdotal information
and general beliefs about engineers and engineering. (See also Edum-Fotwe and
McCaffer 2000; Evetts 1998; Needy et al. 2002; Palmer 2000a; Posner et al. 1992). For
example, Smith (1992, p60) comments that the “transitional years between academe and
industry” are very significant in the production of competent engineers. However, we
have not been able to find empirical evaluations of early career professional development

of engineers.

A few papers study engineers as “technology workers” (See for example Lynn 2002;
McCormick 1995; Rasmussen and Fauner 1996). This work grew out of the US in the
1980s because of concerns that Japanese technological knowledge and industrial

organisation would allow the Japanese economy to overtake the US. However, interest in
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this area is waning, along with concerns about the hegemonic power of the Japanese

economy.

The remaining literature is grounded in empirical data, almost all from surveys. The
surveys were designed to gather information on a range of specific issues related to
engineers in the workforce such as technical competence, skill requirements and training
needs, continuing education, project management, management studies, management
skills, technical management, skill formation, and competency requirements (see for
example Barton and Bommer 1992; Boyd and Thomas 2001; Connelly and Middleton
1996; Dowlatshahl 1996; Grant et al. 1997; Hawthorne 1994; Lang et al. 1999; Mallick
and Chaudhury 2000; Palmer 1999; Turley and Bieman 1993). In general, these issues
can be narrowed to two questions: what skills are most important for engineers in their
jobs and what skills they need to acquire. Interestingly, some studies also surveyed

human resource staff, engineering managers, academics, students and firms.

Like the empirically based work in the engineering education literature discussed above,
most surveys presented respondents with lists of items to rank in order of significance.
Again, as with the previously discussed body of literature, it is notable that in almost all
cases the items given to recipients to rank are drawn from work appearing in previous

literature or generally held beliefs about management.
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For example, Connelly and Middleton (1996, 140) say “We wanted to ascertain how
employers felt about engineers possessing certain personal skills and how much
importance they attached to these skills. We therefore asked employers to indicate for a
given list of skills whether they considered it essential, very important, important, not
important or not relevant for their engineers.” It is noteworthy, that Connelly and
Middleton do not provide the source for their list of skills. One exception to this is the
survey of R&D engineers by Barton (1992) on technical competence — they test

hypotheses (that they label myths) rather than ask subjects to rank information from a list.

As in the education literature, the absence of references to direct empirical data on the

nature of engineering work suggests that the completeness of the data may be limited.

Two pieces of work stand out from the other empirically based research in the
engineering management literature. Turley and Bieman (1993) use qualitative
interviews to derive competencies required by software engineers. They interviewed 20
software engineers and their managers to determine which competencies make the
difference between exceptional and non-exceptional software engineers. In their
interviews the authors used “Critical Incident Interviews’ to gather data on the
competencies of software engineers. The critical incident technique attempts to discover
the job requirements that have been demonstrated to make a difference between success

and failure (Patton 1990, p176).
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Hawthorne (1994) conducted qualitative interviews with migrant engineers as part of a
longitudinal study. She developed a picture of the skills and attributes of the 81 subjects
and then followed their labour market profile over approximately four years. However,
she had no engineering experience of her own, or access to empirically-based
descriptions of engineering work to refer to. This limits the contribution of her data to

our understanding of engineering work.

Ethnographic Studies

There is a small group of richly detailed ethnographic style studies of working engineers,
not all with the explicit intent of understanding engineering work. Several provide useful
field data and observations which could be useful in testing different models of
engineering work. However none seem to include a detailed classification of engineering
work or a broad enough coverage to attempt to build one. The studies informed with
detailed technical understanding are mainly on design, only one of many roles undertaken
by working engineers. However design carries considerable glamour and status,
particularly in high technology and aerospace, and this area of engineering work has been
studied extensively by many researchers. However, for most of them their interest lies in
the design process rather than all the other less glamorous work that designers also have

to accomplish (e.g. Eckert et al. 2004).
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Schon (1983) is one of the earliest accounts of this type. His interests lie in the reflective
aspects of professional work and he describes engineers inventing a new process. He
uses the term "technical rationality" to describe science-based professionals as technical
problem solvers. According to this model "problem-solving is a manipulation of
available techniques to achieve chosen ends in the face of manageable constraints.” He
clearly views engineering in terms of invention: the process by which new concepts
emerging technology. One interesting aspect of this discussion (pages 184 to 187)
describes how engineers map known ideas and relationships onto the unknown in an
attempt to resolve their problems, whether the mappings are valid or not. Schon gives us
a language for understanding professional practice, and how designers really work when
they solve real problems. A 'professional’ might create a 'frame experiment’, a new frame
for the problem situation from a 'stock of knowledge' and an experiment devised to test
out the new frame by applying a 'repertoire of practices'. When a professional

successfully handles a failure or a new case, a new 'recipe' is created every time.

The work of Bucciarelli (1988; 1994) is significant because he is one of the few engineers
who has made extensive contributions to the literature on engineering work. His interest
is in high-technology electro-mechanical design, a comparatively narrow but highly
prestigious field of specialisation. He remarks on the intuitive ease with which a designer

produces a well-formed design that meets technical requirements without any prior
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analysis....”it looks right, and more often than not it turns out to be right.” This ability of
the experienced designer is based on extensive practice, experience and observation of
other designs — in other words a large accumulation of technical knowledge. In his later
book (Bucciarelli 1994) we read about the work of technical designers and
troubleshooters and how they contribute to the design of some technology-intensive

product prototypes.

Bucciarelli introduces the useful notion of “object worlds” — domains in which engineers
conceive their designs and explain how they work, analogous to the “planes of objects”

described by Foucault (1984).

Solomon and Holt (1993) (mentioned earlier) use an ethnographic approach to study
mechanical engineering work though with the stated aim of revisions to engineering
education. The paper appears to foreshadow a more extensive analysis though none

seems to have subsequently appeared.

In their collection of studies, Barley & Orr (1997) attempted to define technical work.
They suggested that such work "requires understanding and utilisation of abstract
knowledge", presumably mathematics or science acquired through formal education.
They acknowledge that many technical workers, particularly technicians and trades

workers, acquire their knowledge and skills through experience and working with more
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experienced workers (e.g. apprenticeships), rather than through formal education. They
also suggest that “technical acumen is the result of contextual and tacit knowledge”.
"Technicians are usually charged with ensuring that machines, organisms and other
physical systems remain in good working order. Caretaking often requires technicians to
employ theories, diagnoses, documentation, and other representations drawn from the

symbolic realm they support.” (Barley and Bechkey 1994, p89)

(Button and Sharrock 1994) is an example of work on software engineering. The
emerging nature of this field and its perceived significance before the dot.com crash of
2001 encouraged several interesting and useful accounts. This is an interesting and
relevant paper that describes a difficult software engineering project: re-engineering the
embedded controller for a photocopier. The photocopier was originally designed in Japan
but a new embedded controller was required to provide an international user interface.
Some minor design requirements were also requested. The published work focuses more
on design issues and the use of CASE tools rather than the detailed nature of the work

itself which tends to be assumed.

(Orr 1996) presents a highly detailed ethnography of photocopier technicians working in
a West Coast USA commercial environment. This is an account of the work of
maintenance technicians, the only one we are aware of that presents anything on

engineering maintenance work. Orr describes relationships between service technicians,
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customers and individual machines. While the work is very accessible in its writing
style, there is no attempt to derive a systematic description of the work. Instead, the
focus is on the technicians as a group and a description of their social networks with an

anthropological audience in mind.

(Darr 2000; Darr 2002) describes the work of sales engineers as part of a study on high
technology sales and marketing. The sales engineers worked for a small firm in north

eastern USA and were called "customer engineers™” by management and co-workers.

The customer engineers were responsible for developing special test equipment for
electronic circuit boards. The engineers had to design and even construct parts of the test
equipment with assistance from the technicians. The engineers also had to configure
testing software from standard menus. They also had to interact with the clients. This
paper provides about the pages of detailed description of the work of these engineers.
There is somewhat less on the work of research and development engineers. Like other
papers written by anthropologists there is extended discussion on how engineers see
themselves within the organisation and how others see them. However, the main thrust
of this paper is the idea that at least some sales people now require in-depth technical
expertise. A later paper written in 2000 to which we also have explores this theme in

more detail.
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Several social scientists have studied engineering work though they have been mainly
interested in the place this occupies in society and firms rather than the detail of the work
itself (e.g. Crawford 1989; Fletcher 1999; Meiksins and Smith 1996; Whalley 1986;
Whalley and Barley 1997; Zussman 1985). Social scientists have acknowledged
difficulties in understanding technical work. "Engineers continue to play havoc with
conventional models of work even though they are the prototypical technical workers of
high industrialisation.” In this one sentence the authors admit that they really do not
understand the work of engineers.” (Whalley and Barley 1997, p34). Doktor (1961)
studied technicians in a socialist organized factory and concluded that mere observation
of technicians was insufficient to explain their behaviour and social organization. One of
the obvious barriers for social scientists is technical knowledge, presenting an intellectual
dimension that requires years of practice to fully comprehend. *... much of engineering is
desk work based on thought processes whose character is manifest only partially in the
various pieces of paper that are intermediate product. ... Some aspects of engineering
work, especially its technical content, resist observation...” (Zussman 1985, 28-29, also

p35).

One of the more recent contributions has been a collection of work by Vinck (2003) and

his colleagues. In the first chapter we find a detailed account of the work of a young

engineering intern as a way of gaining a better understanding of engineering design work.
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Once again the focus is on design work, but there are some highly detailed accounts of

various engineering roles which can provide useful evidence for testing models.

Finally and most recently, Winch and Kelsey (2005) describe the work of construction
project planners: a specialist group of technologists. Their aim was to develop software
to supplement the work: the study of what the planners actually do was intended as a by-
product but seems to have resulted in little material that software developers could
feasibly supplement that software cannot already do. Perhaps this is why this piece of
work seems like an isolated contribution without a subsequent detailed write-up in the

full project report that subsequently appeared.

Status Quo

Vinck (2003) has recently pointed out how weak our real understanding of engineering

and technological work really is.
“We live in an era of paradoxes. On the one hand, we are faced with an ever-
growing array of technological developments that affect communication, work,
travel, domestic and leisure activities, and political and ethical debates. We
cannot imagine life without them. They structure the world we live in. On the
other hand, in many ways we do not understand these technologies. The
surprising thing is that this is true for technological professionals as well as for

lay people. Our situation is characterised both by our ignorance of new
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technologies and by our faith in them. Sometimes technology is brushed aside as
something belonging to another world. At other times, when our attention is
focused on humans, technology may appear inhuman or superhuman. It may
seem to belong to an area reserved for specialists. With its principles, laws,
methods, and models, technology can seem cold, rational, boring, and
inaccessible. It is taught and presented in this way to specialists. It may be
packed into a set of rational theories, but this must does not mean that it is
understood any better."
It seems that our knowledge of the nature of most engineering work remains largely at the
state that our knowledge of management work was in the mid 1960s when Mintzberg
(1973) started his research on the nature of managerial work. The questions he posed
then in relation to managers, that we have posed in relation to engineers at the start of this

paper, remain largely unanswered.

Given that the literature provides few useful answers, it is clear that field research is
needed. One could well ask whether it is possible to build a comprehensive description
of engineering work that could provide useful answers to these questions, beyond the
vignettes that illuminate the series of ethnographic studies that have already appeared.
We are working on just such a description and will leave it to the judgment of others to

decide whether it makes a useful contribution.
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Conclusions

From this survey, mainly of non-technical engineering literature, we can conclude that
there has been no recent, comprehensive investigation into the nature of engineering work
as it is actually practiced. Few researchers have asked engineers what they do and none
has asked where they acquired the skills they use. Nor have we found any systematic
research on the links between what is taught in engineering institutions, what graduates
learn early in their careers, what training engineers undertake while in the workforce and
how any of this contributes to producing competent engineers. This suggests that
empirically based research needs to be undertaken to fill a significant gap in our

understanding of engineering practice.

Florman (1997) discussing the status of engineers comments that “The average citizen
has very little idea what we do, often confusing us with people who run trains or take care
of boiler rooms.” However, if the ‘average citizen’ had sufficient interest to look up the

diverse research literature he might be hard-pressed to find a better answer.

In parallel with these studies we have initiated an investigation of engineering work in

Australia and other countries to gain a clearer understanding on the nature of engineering

work.
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In retrospect it seems surprising that so few studies have focused on the nature of
engineering work when so much depends on it. We hope to make some small steps
towards a better understanding of engineering in practice and how professional engineers

contribute.
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