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A paradigm shift in the manner in which engineers perceive themselves, and are themselves per-
ceived, has occurred in the late twentieth century. This change reflects a move away from a profes-
sion that has been constitutionally and functionally introverted, to one that is increasingly accountable,
particularly to the wider public. This change is seen in the modification of codes of practice, which
until mid 1989 had a strong client-profession focus. The new codes incorporate both ethics and a
commitment to sustainability. In New Zealand these changes followed the passing of the Resource
Management Act, which requires all those who use and develop physical and natural resources to do
so in a sustainable way, with adverse environmental effects of any activity being mitigated or avoided.
In addition there is emphasis on the need to consider socio-cultural issues during resource develop-
ment. Penalties for non-compliance are high on local standards, a feature that the cynical suggest is
reflected in a revision of professional codes. The concurrent educational environment and the obsta-
cles that have been encountered by the Environment Committee of the Institution of Professional

Engineers New Zealand in implementing the new paradigm are discussed.

INTRODUCTION

Images of New Zealand are generally coloured green.
This country is perceived as one of the last places in
temperate climes that has been ravaged by develop-
ment. Indeed, a clean, green image is one of the most
important platforms though which New Zealand prod-
ucts are marketed. In light of this, one could view New
Zealand as an ecological refuge, a country where land
degradation following industrialisation has touched but
lightly. This however, is an illusion, as the current green
gazed pasture was, until the arrival of man, a dense
forest of extraordinarily high endemism: particularly
of plants, invertebrates and birds. This was to change
with the arrival of humans, probably some time in the
13 century [1][2]. Whilst it is folly to now dream of
closing Pandora's box, it is nonetheless important to
recognise two perspectives:

e The current infrastructure in New Zealand is re-
sponsible for the high standard of living we cur-
rently enjoy. In no way can we denigrate the ef-
forts of earlier generations for their actions. They
were with few exceptions convinced that survival
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comprised a battle against nature, rather than see-
ing sustainable practice within the natural environ-
ment.

Much of New Zealand’s natural environment has
been irrevocably lost, (eg 32 % of the endemic land
and forest birds, and 18% of endemic seabirds have
become extinct since the arrival of humans), fur-
ther, there are still a number of species classified
as at risk, eg 58% of vertebrates [3]. There is
however, much we can do to preserve what re-
mains.

CURRENT GLOBAL ISSUES

At the dawn of the 21 century, humanity is faced
with two global issues of great import: environmental
degradation and socio-cultural suppression. The first
is aresult of unregulated industrialisation, the second
derived from a blending of societies in which the spe-
cial and unique characters of minor cultures is lost.
[ronically both issues fall within the broad realm of
engineering; although it is primarily the first we ad-
dress as professional engineers, we must also embrace
significant elements of the second, which traditionally
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lies within that oxymoron social engineering. An is-
sue of great concern at many engineering conferences
[ have attended over the last decade has been a need
to further humanise the engineering profession, ie to
drag engineering away from what is perceived as the
dark recesses of site offices and laboratories. Miti-
gation of the widespread public perception that engi-
neers are somewhat focused upon numerical detail,
(and as such are likely to be unsympathetic to cultural
and environmental issues), will almost certainly en-
courage a wider cross-section of the community to
the profession. This has been demonstrated in areas
such as environmental engineering, and now must be
extended to other, more lefi-brained sectors of the
profession [4].

It is important to note, however, that a number of
professional engineers in New Zealand have played
significant roles in helping to alleviate disease and pov-
erty. Involvement is generally co-ordinated through
charitable trusts such as Red R (Register of Engineers
for Disaster Relief), and Water for Survival. These
trusts are supported by the Institution of Professional
Engineers New Zealand (IPENZ) through mecha-
nisms such as worldwide web page listing, cross-ref-
erencing and conference linkage.

In Table 1 a broad overview of the gender balance
and social issues involvement amongst professional
engineers in New Zealand is provided. In many cases
actual figures are not obtainable, and where this is so
a best guess is provided (eg the number of engineers
who are on the database for Water for Survival, and
Engineers for Social Responsibility is about 1300, how-
ever it is estimated that only about 700 engineers are
active contributors). It should be noted, however, that
this can in no way adequately address the myriad of
community service activities that engineers perform
as citizens (which are generally not brought to the no-
tice of the profession).

Although involvement of the profession in social

issues (as a percentage) is not particularly high, the
outcomes are nonetheless impressive. Over the last
decade, Water for Survival, a voluntary organisation
primarily focused on the provision of potable water
and adequate sanitation, has provided assistance to
270,000 people, effecting total contributions of about
NZ$ 2.36 million. Significantly, the overheads for Water
for Survival are only about 1.5% of the funds contrib-
uted, a testament to the dedication of the professional
engineers involved.

Engineers for Social Responsibility (ESR) was set
up in 1983, essentially as an anti-nuclear group. Mem-
bers soon took the opportunity to incorporate wider
ethical issues into their brief, of which one of the pri-
mary objectives was to disseminate knowledge to
all sectors of the profession and the wider commu-
nity about the positive and negative aspects of tech-
nology. ESR were quick to see themselves as an in-
dependent, but allied, conscience for the profession,
and in this manner had indirect, but useful, input into
the development of the IPENZ Code of Ethics.

The Register of Engineers for Disaster Relief was
set up to assist relief agencies to contact skilled engi-
neers and technicians at times of disaster. Red R op-
erates at both a national and international level, effec-
tively facilitating volunteers to alleviate the crisis fol-
lowing catastrophes. They are affiliated with IPENZ
as a Technical Group.

THE IPENZ CODE OF ETHICS

Development of a Code

Until 1989 the formal consideration of issues ethical
within the IPENZ rules was strongly client-practitioner
focused, whilst at the same time ensuring that no dis-
repute fell upon the Institute.

Further, considering the temporal proximity to our
current politically correct environment, the language

Table 1: Broad breakdown of New Zealand engineers, showing current gender balance and involvement in areas
of social responsibility. ESR/W{S/R represents Water for Survival, Engineers for Social Responsibility and Red
R respectively. Data as at February, 1999, from Virginia Burton, (IPENZ) and John la Roche (Water for Survival,
New Zealand). TApproximate figure, includes significant numbers of production engineers in industry who for

various reasons have not joined IPENZ.

Professional engineersin New Zealand
Number Percentage
Total engineers 15,0001 -
IPENZ members (% of total) 7623 50.8
Women in IPENZ (% of IPENZ) 283 3.7
WIS/ESR/R 900 -
WfS/ESR/R (as a % of IPENZ) - 11.8
WIS/ESR/R (as a % of total) - 6.0
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was surprisingly male-oriented, ie:

Each member shall so conduct himself as to
uphold the dignity, standing and reputation
of the Institution and of the profession.

On an international scale, the period from the mid
1970s to the late 1980s represented one of enormous
attitudinal change. This change was fuelled by the sud-
den realisation that virtually every ecosystem on the
planet was degrading. This effected a paradigm shift in
how we perceive ourselves within the biosphere, be-
ginning with legislation for environmental protection in
the USA, and culminating in the 1987 Report of the
World Commission on Environment and Development
[5]. These were to influence New Zealand relatively
late in the day, as it was not until July 1989 that an ad
hoc committee, comprising former IPENZ presidents,
the CEO of the Consumers Institute and a prominent
theologian met in Wellington to review the existing Code
of Practice. The outcome was a Code of Ethics, com-
prising 17 clauses, of which particular reference is here
made to clauses 8, 12 and 15 (accentuation mine):

8. However engaged, members shall at all times rec-
ognise their responsibilities to their employer or cli-
ent, others associated with their work, the public
interest and their profession.

12.A member shall not accept from nor give to any
third party anything of substantial value.

15.Members shall strive to relate their work to the
preservation or enhancement of the environ-
ment and to make effective use of available re-
sources of manpower, machines, materials and
money.

These clauses demonstrate three key elements of
this paradigm shift:

e C(lear recognition of the rights of parties beyond
client and the profession.

e Reinforcement of the need for engineers to adopt
the high moral ground.

e Appreciation that the environment needs protec-
tion and that resources must not be wasted.

In addition the language was degenderised, although
the concept of sustainable practice was yet to be
formally incorporated.

Nonetheless, even with this approach in New Zea-
land (and similar from engineering bodies internation-
ally), the global biotic realm showed no real recovery.
Indeed, so significant and widely accepted was a rec-
ognition of unabated environmental deterioration, that
in 1992 UNCED implemented Agenda 21, through
which sustainable practice was urgently promoted. The

World Federation of Engineering Organisations
(WFEO) strongly endorsed this and began to advo-
cate adoption of practical measures, such as cleaner
production, environmental management systems, and
environmental economics. It was hoped that this would
force a still relatively pragmatic profession to embrace
a doctrine increasingly perceived as the New Indus-
trial Revolution [6]. At this time the WFEO rein-
forced the need to refocus engineering away from
the harnessing of nature, towards resource develop-
ment that acknowledged a stewardship role toward
the environment [7]. An amended WFEO mission
statement was published by IPENZ in 1993, entreat-
ing that:

Engineers translate into action the dreams
of humanity, traditional knowledge and the
concepts of science through the creative
application of technology to achieve sustain-
able management.

In this document, five fundamental ethical values
were recognised [8]:

1. Protection of life and safeguarding people
2. Care for the environment

3. Community well-being

4. Professionalism, integrity and competence
5

. Sustaining engineering knowledge

In broad terms there is only one real ethic here,
the need for all engineers to adopt the ethic of sus-
tainable practice immediately: to the biosphere, to cli-
ents, to the wider community and to the profession.
So all encompassing is this ethic, that all other points
flow from it as subsets - to ignore it is to fail on all
counts.

Several drafts of a new IPENZ Code of Ethics
were prepared and circulated, with a revised Code
incorporating the five clauses (immediately above)
being formally adopted in 1995. The order of these
five clauses was the subject of some heated discus-
sion over the following year, such that a further revi-
sion was released in August 1996. The new order (and
inferred priority) became:

1. Members have a duty of care to protect life and to
safeguard people.

2. Members shall undertake their duties with profes-
sionalism and integrity and shall work within the
levels of their competence.

3. Members shall actively contribute to the well-be-
ing of society and, when involved in any engineer-
ing project or application of technology, shall, where
appropriate, recognise the need to identify, inform
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and consult affected parties.

4. Members shall be committed to the need for sus-
tainable management of the planet’s resources and
seek to minimise adverse environmental impacts
of their engineering works or applications of tech-
nology for both present and future generations.

5. Members shall continue the development of their
own and the profession’s knowledge, skill and
expertise in the art and science of engineering
and technology and shall share and exchange
advances for the benefit of society.

In view of the significant recent changes in the
way society perceives professionals and the rapidity
with which the IPENZ Code of Practice has devel-
oped over the last decade, it is interesting to read that
the 1996 Code of Ethics was published as the final
version. With little imagination, one can at the least
see Clause 4 being expanded to include sustainable
practice beyond our planet.

ASUSTAINABLE MANAGEMENT
ACTION PLAN

At the 1994 annual conference, IPENZ members
agreed that an Action Plan be prepared to ensure that
sustainable management became an explicit part of
all facets of IPENZ activities and culture. Later that
year, the IPENZ Environment Standing Committee
produced a Sustainable Management Action Plan
which identified activities that should be taken at five
institutional levels to promote sustainable management.
These levels were the IPENZ Board, Board Commit-
tees, Technical Groups, Branches and Individual Mem-
bers. The Action Plan was published as an A4 (folded
A3) form, tabulating the 43 specific actions required
of all the parties involved to effect sustainable man-
agement. These actions fell into five categories:

e [nstitution Affairs (primarily deals with the con-
duct of institution affairs and promotion of the sus-
tainable management of natural and physical re-
sources).

e FEthics (essentially a request for a new code that
reflected sustainable management).

e Engineer’s Education (to increase member’s com-
petency in sustainable management).

e Research and Technology (promoting development
of sustainable technologies).

e Community Interaction (engineering outreach, with
the aim of promoting sustainability to the wider com-
munity).

As discussed earlier, the new Code of Ethics was

developed and endorsed by the profession within two
years. Progress on the other activities has been less
than dramatic however: a national workshop sched-
uled for 1998, at which an update and review of
progress in the implementation of the Action Plan was
to be given, was cancelled due to insufficient interest.
This may be interpreted in two ways: either engineers
are now confident that they are acting in a sustainable
manner, or they have other more engaging priorities.
What is apparent is that some of the profession, (es-
pecially civil engineering contractors), feel strong an-
tipathy toward what they see as an inappropriate
greening of engineering, resulting in impedance or pre-
vention of future resource development.

NEW ZEALAND’S CURRENT
INDUSTRIAL CLIMATE

Over the last decade, New Zealand industry has un-
dergone significant restructuring, with most compo-
nents of central and local government engineering (eg
Ministry of Works) being privatised. The result has
been a significantly more focused, lean and hungry
industry with, in a majority of cases, a short to me-
dium term outlook. Under these conditions, unless sus-
tainable practice can be demonstrated to be of early
economic advantage, it will not be pursued. In this
environment altruism becomes a rare commodity, with
a concurrent decline in ethical standards.

The challenge, for both the profession and the edu-
cators, is to promote the economic advantages of prac-
tices such as cleaner production. IPENZ has gone
some way in addressing this by setting up a Centre
for Sustainable Management. Inaugurated at the Uni-
versity of Auckland in 1996, this Centre aims to
proactively inculcate sustainable practice into all as-
pects of engineering. It is intended that the Centre act
both on a national and regional level, and through net-
working build up and provide a comprehensive data-
base of economically viable, culturally acceptable and
sustainable engineering case studies.

ONTHE NATURE OF ETHICS

A code of ethics is derived from a set of values that
are adopted by a particular society at any one time, ie
they reflect contemporary morality. Moral codes in
this context, however, are relative and evolve with the
changing need of societies. Interestingly there are few
(moral) values that are universally accepted by hu-
mans, including the sanctity of human life.

A source of much vexation is a notion, held by many,
that ethics cannot be taught, primarily because by the
time students arrive at university, their system of val-
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ues is fixed. What we, as educators, must attempt is to
provide a learning environment that will permit intelli-
gent adults to see beyond their current intellectual
boundaries. I have found the use of systems thinking,
where the focus is on outcomes (= consequences), to
be one of the most effective ways in which to approach
this [9].

Systems thinking encourages a move away from
the reductionist doctrine that has pervaded many as-
pects of engineering over the last millennium: ie it is
by reducing the components of a structure to its basic
elements that we previously attempted to comprehend
it, explain it and then probably redesign it. The sys-
tems thinking imperative is the child of necessity,
being nurtured by the deleterious changes to our envi-
ronment. It is only by adopting a holistic approach to
resource management, where we are required to as-
sess effects of actions critically, that we will halt an
increase in global entropy.

A cautionary note: today’s economic climate, par-
ticularly following the 1998 Asian Crisis, has made
New Zealand industry more conservative - with budg-
eting tight, risk taking very measured, and fewer pub-
lic good activities. Under these conditions young en-
gineers with commitments will find it increasingly dif-
ficult to adhere to codes of conduct, where, on the
basis of technical adequacy, conscience dictates that
they should withhold approval of plans that fail to meet
accepted professional standards.

Closing the gender gap

Table 1 also provides an indication of the inroads that
women are making in the engineering profession. Al-
though many women enter engineering through non-
traditional disciplines such as food technology and
environmental engineering, they are severely under-
represented in [PENZ, ensuring that female input and
perspective into policy formulation is weak. The rea-
sons why women have found traditional engineering
unattractive has been broadly debated, the most likely
answers being lack of opportunity, lack of role models
and the lower appeal of what may be defined as /efi-
brained pragmatism. The knowledge that women are
currently embracing environmental engineering pro-
grammes may reflect:

e an opportunity to exercise (inherent?) feminine nur-
turing abilities to alleviate an ailing biosphere;

e adegree of egalitarianism: environmental engineer-
ing is a new discipline within engineering and has
few role models, advancement is more likely to be
on the basis of ability rather than gender.

A further reason why environmental engineering

has such a high popularity with women is that it in-
volves significant elements of biology and, more re-
cently, philosophy. The need to integrate both of these
components into the curriculum as compulsory is a
direct response to legislation such as New Zealand’s
Resource Management Act [10] and Conservation Act
[11]. Both these are of interest to ethicists in that they
require practitioners to make both value and moral
judgements, eg The Conservation Act uses the term
intrinsic value in defining conservation, yet intrin-
sic value itself is not defined. Elsewhere in literature,
intrinsic is often taken to mean essential and belong-
ing naturally, these terms are however relative, and
when applied to self introduced species (eg in New
Zealand recent arrivals include the Welcome Swal-
low and Royal Spoonbill) require value judgement
and as such become unworkable. The Resource Man-
agement Act goes further in requesting the exercise
of duty (as opposed to making a legal edict) in the
avoidance of deleterious activities. A concept of duty
may be perceived as a moral obligation, in which case
value judgements are required in the exercising of it.
This is inferred (but not entirely clarified) in a subse-
quent explanation in the Act, where it states (Part
I (17):2):

The duty referred to is not of itself enforce-
able against any person, and no person is
liable to any other person for a breach of
that duty.

CONCLUSIONS

Our current educational environment has not effec-
tively met its greatest challenge: that of designing an
undergraduate engineering curriculum that produces
graduates capable of reversing the inexorable degra-
dation of the biosphere. We need to include sufficient
liberal arts components in the new curriculum to
enable engineers to make value judgements about the
wider implications of engineering proposals. We ur-
gently need to embark upon an international programme
to ensure that @/l engineers are aware of the current
environmental crisis, and, through networking and the
establishment of comprehensive case studies, to pro-
vide appropriate global options for local problems
[7][12]. In doing so, we must ensure that technology
is increasingly viewed as a tool, rather than as a solu-
tion to technical problems [13].

An already overfull curriculum is perceived by
many as being unable to accommodate new course(s)
on issues such as ethics. Even if there was space
however, any approach with a new stand-alone eth-
ics course would be quite inappropriate as it would
fail to place issues such as social responsibility within
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an engineering context. By ring-fencing ethics we
would ensure failure in any attempt to humanise the
undergraduate curriculum. Teachers will ultimately
incorporate appropriate ethical elements within all
their courses, but this will take time. In the short term
it will be necessary to offer short courses through
the Continuing Professional Development pro-
grammes now adopted by most professional institu-
tions.

What is certain is that future scientists, technolo-
gists and engineers will face even greater moral
dilemmas. Shadows of this are currently darkening
the field of genetic engineering, where the follow-
ing questions are being asked: What is the value of
a human life? Does life have intrinsic value, or just
utility [14]?

REFERENCES

1. Buckeridge, J.St.J.S., Environmental Engineering
Education within the Shadow of New Zealand’s
ubiquitous Resource Management Act. Proc.
Chambéry 97 Conf. on Multidisciplinarity and
Inter. Co-operation in Environmental Educ.,
Chambéry, France, 1-11 (1997).

2. Buckeridge, J.St.J.S., Monitoring and Management
of Heavy Metals, Pesticides, PCBs, Dyes and Pig-
ments. Regional Report: New Zealand (1998).

3. Taylor, R. and I. Smith., The State of New Zea-
land’s Environment 1997. Wellington: Government
Printer (1997).

4. Buckeridge, J.St.J.S., Introducing philosophy and
ethics to the engineering curriculum. Transactions
of the Institution of Professional Engineers New
Zealand, 21, 1, 1-4 (1995).

5. The World Commission on Environment and De-
velopment. Our Common Future. Report of the
Commission, GH Brundtland (Chair), Oxford Uni-
versity Press (1987).

6. Thom, D.A., Engineering Education and the new
Industrial Revolution. Proc. 2" UICEE Annual
Conf. on Engng. Educ.. Auckland, New Zealand,
21-25(1999).

7. Buckeridge, J.St.J.S., Engineering the new millen-
nium: an opportunity for universal change in engi-
neering curricula. Proc. 2" UICEE Annual Conf.
on Engng. Educ., Auckland, New Zealand, 51-54
(1999).

8. Institution of Professional Engineers New Zealand,
Environmental Principles for Engineers. IPENZ

Committee on Engineering and the Environment.
IPENZ, Wellington (1993).

9. Buckeridge, J.St.J.S., From Reductionist to Systems
Thinking: The Engineering Imperative. In: Elms D.
and Wilkinson, D. (Eds), The Environmentally Edu-
cated Engineer: Focus on Fundamentals. Cen-
tre for Advanced Engineering, University of Can-
terbury, Christchurch, 119-123 (1995).

10.Resource Management Act, 1991, No. 69. Wel-
lington: New Zealand Government Printer (1991).

11. Conservation Act, 1987, No. 65. Wellington: New
Zealand Government Printer (1987).

12.United Nations Environment Programme. Engi-
neering Education and Training for Sustainable
Development. Final Report from the UNEP,
WFEO, WSCSD, ENPC Joint Conference, Paris,
France (1998).

13.Van der Vorst, R., Engineering, Ethics and Profes-
sionalism. European J. of Engng. Educ., 23, 2,
171-179 (1998).

14.Rifkin, J., The Biotech Century. London: Golancz.
Publishers (1998).

BIOGRAPHY

John Buckeridge is Profes-
sor, Associate Dean, and
Head of the School of En-
gineering in the Faculty of
Science and Engineering at
the Auckland Institute of
Technology.

He has professional in-
terests in environmental en-
gineering, professional eth-
ics, engineering education
and resource management. He is a member of the
Institution of Professional Engineers New Zealand
Standing Committee on Engineering and Environment,
and the Association for Engineering Education in South
East Asia and the Pacific. His current involvement
with the UNESCO International Centre for Engineer-
ing Education includes membership of both the 1999
(Auckland) and 2000 (Hobart) conference commit-
tees.

John has authored more than 100 publications and
technical reports in his fields of interest. His most re-
cent publications demonstrate a growing focus on sus-
tainable practice and social responsibility within the
engineering profession.



