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to tackle the challenges that 
the profession of engineering 
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Engineers enjoy an over-arching good 
fortune in their vocational enterprise be
cause they, like so few others, might ac

tually see their creativity and hardwork trans
lated into· tangible outcomes: roads and 
bridges to . carry commerce, airports to link 
communities across unimaginable distances, 
water and wastewater systems to bear the basic 
guarantees of public health. To be able to see 
these outcomes is a reward not enjoyed by 
every profession. Never mind .those who say 
(for they belittle a worthy virtue) that to be an 
engineer. one must get one's satisfaction not 
from personal recognition, but froin the recog-
nition of one's works.1 · 

Fostering the 
Highest Achievements 
There is much cause to celebrate engineers and· 
their engineering achievements - something 
the profession could use and is entitled to more 

of. There are many qualities that distinguish 
the very best work of engineers, especially in 
the public realm. How can any public agency 
- such as the Massachusetts Water Resources 
Authority (MWRA) - create a climate for engi
neering that stimulates its highest po~sible at
tainments? 

Why put special focus on the problems and 
opportunities of the public sector? Public 
works are a major part of the engineering effort 
conducted every day. Public agencies in Massa
chusetts are engaged in massive building and 
construction programs, helping to explain why 
the state has one of the highest concentrations of 
engineers per capita of any in the country. Hun
dreds of engineers are employed by the agencies 
themselves. Many others are in private practice 
- 35,000 people work for private engineering 
and design firms in Massachusetts - and most 
of those firms are directly tied to public works 
projects through the vast reliance placed on the 
use of consulting engineers. The proliferation 
and importance of public projects, however, are 
hardly limited just to Massachusetts. A quick 
scan of projects from the Tren Urbano in San Juan 
to wastewater pumping stations in Egypt to new 
sewage outfalls in Hong Kong, to say nothing of 
projects throughout the United States, shows the 
extent of public projects assisted by Massachu
setts engineers. By some estimate, perhaps half
a-billion dollars a year is pumped into the Massa
chusetts economy from the export of engineerinf 
services, much of that work in the public sector. 
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In almost every locale, within the public sec
tor lies the wealth of engineering excellence. 
Greater Boston's water supply system is one 
example. Some of America's greatest and most 
honored engineers were its creators.3 One such 
engineer was John Jervis, chief engineer of im
portant railroads as well as the Erie Canal and 
then the visionary designer of New York's Cro
ton water supply system. Jervis achieved all 
that before he came to Boston to lay out and 
construct the Cochituate water supply system, 
which was completed in 1848 to the applause of 
100,000 people gathered at what is now the 
Frog Pond on the Boston Common. Fifty years 
later, Frederic Pike Stearns envisioned the 
westward extension of the supply sources and 
designed and constructed the Wachusett Re
servoir and its aqueducts. This national land
mark in water supply engineering was an out
growth of more than twenty years of Stearns' 
personal experience (starting as a construction 
leveller) with the greater Boston water and drain
age systems. It is also the single project that lay 
the foundation for Stearns' own subsequent pro
fessional attainments, including his presidency 
of the American Society of Civil Engineers and 
his historic contribution to the design of the Pan
ama Canal - all before his death in 1919. And 
then there is Henry Goodnough, the designer of 
the Quabbin water supply system. Goodnough 
was tutored by Stearns in Boston but was des
tined to leave his mark on major projects 
throughout the region and the country. Allen Ha
zen, another Massachusetts product; and Good
nough' s long-standing adversary in the debate 
that echoes even today on the suitable role for fil
tration in municipal water supply systems, made 
his mark on projects throughout the nation. 

What engineer today would not want to 
leave his or her mark on any community in the 
fashion of these predecessors? What can be ob
served in their careers to help engineers today 
to follow in their paths? These outstanding en
gineers are basically typified by two qualities. 
First, they were each enormously skillful in the 
art of achieving their projects in the arena of 
public policy making. And, second, they were 
each outstanding performers in the classical 
skills of engineering design. 

Take, for example, Stearns. His bringing 
about of the Wachusett plan was achieved by 
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his own work with the Massachusetts state leg
islature and the public. This work was charac
terized by the clarity with which he explained 
his plan, as well as his tact and fairness, and his 
long record of unselfish public service.3 But to
day's MWRA engineers are equally in awe ( as 
were Stearns' own engineering contemporar
ies) of his engineering design achievement. He 
was, without doubt, the grand conceptor of a 
hydraulic design for a water transmission sys
tem that served greater Boston well in the 19th 
century, continued to serve it well despite the 
growth and spread of population in the 20th 
century, and promises to continue to serve it 
through the changes that will be brought in the 
n~ . 

The Lessons of Design 
Eugene Ferguson's book, Engineering and the 
Mind's Eye, provides rich but simple insights 
into how to connect these themes of past mas
ters' achievements with contemporary engi
neers' aspirations to meet infrastructure needs 
in today's public project environmeht.4 

Ferguson, a professor at the University of 
Delaware, focuses on engineering education. 
His book stimulates inquiry into the nature of 
engineering culture and some necessary com
ponents of engineering excellence. Ferguson's 
point of departure is that the first and indispen
sable quality of .the engineering enterprise is 
the very special process of design. Design, for 
Ferguson, is a short but mighty word that 
stands for how an idea is transformed into a 
plan. The design process can be deceptive be~ 
cause the plan - when the design is done -
may seem straightforward and precise. But in 
fact, the design process is as rich and complex 
as any intellectual achievement can be because 
any design necessarily encompasses "informal 
choices, inarticulate judgments, [and] acts of 
intuition and assumptions about the way the 
world works."4 All of these qualities are essen
tially part of a visual and artistic process of 
creativity, which is what design is all about. For 
Ferguson, this creativity underpins, one way or 
another, every engineering achievement. 

Ferguson is passionate about the topic of de
sign because he sees the visual, artistic and 
creative side of the engineering brain - all that 
is embodied in design - at risk of eclipse by a 



narrower notion that engineedng can be 
taught, or practiced, simply as computational 
analysis or as problem solving by calculation. 
The most horrendous heresy for Ferguson is 
that the judgment and skill called upon in the 
true practice of design could ever be supplied 
merely from interaction with a computer pro
gram. Should the engineering . profession's 
classic involvement with design values fade, 
then, says Ferguson, engineering solutions will 
fall far short of the profession's proper aspira
tions and its highest traditions. 

Not surprisingly, Ferguson expresses some 
strong opinions about the nature of good de
sign and the proper understanding of the de
sign process. For openers, he ridicules the idea 
that a flow diagram or a block diagram (these
quentialized ordering of the need box, the 
statement of problem box, the concept design 
box and so on) bears any relationship to the 
genuine design process. He writes:4 

"Although many designers believe that 
design should work this way, it is clear that 
any orderly pattern is quite unlike the usual 
chaotic growth of a design." 

Similarly, real public management problems, 
or real legal problems, cannot truly be solved 
with a flow diagram because the process of a 
design:4 

11 
• •• requires a continuous stream of calcula

tions, judgments and compromises. . . be
cause the topography of a new thing is as
tonishingly unconstrained and because 
numerical calculations always embody hu
man judgments." 

Making Things Run 
Today, engineers sometimes seem given to 
hand-wringing that the profession's social 
scope has been lost or at least diminished since 
a former golden age, Richard Weingardt, the 
President of the American Consulting Engi
neers Council, recently asked why is it that" en
gineers make things run but they do not run 
things?"5 Weingardt' s question often seems to 
be answered by suggestions that engineers 
should improve their 'image' or speak up to 
play the role of project 'managers,' or even, 

heaven forbid, "dispense with the traditional 
viewpoint that only the engineer knows what 
is good and right for the public."6 . 

Ferguson can be read to suggest a more pro
found and fundamental response. His book con
tains both bad and good news. The design pro
cess he describes as the foundation of the 
engineering professional enterprise bears re
markable resemblance to the core qualities of en
gineering practice as well as the core qualities 
that must underlie any successful public effort to 
bring to fruition great engineering works. In Fer
guson's frame of reference, there should be no 
surprise that great visionaries in engineering de
sign should also have proved to have been great 
leaders in the public process ( as can be seen in the 
careers of Jervis, Stearns and Goodnough). 

If today's engineering culture, as Ferguson 
fears, allows the true attributes of the design 
process to be displaced by mere computational 
problem solving, then engineers will slide 
away from their own capability for larger pub
lic policy contribution as quickly as they will 
lose the peaks of their professional attainment. 
However; the good news is that the converse is 
also true: engineers who preserve the primacy 
of the artistic and creative process of design 
will also be the citizens who are called forward 
by others to share their judgment with their 
communities and lead the implementation of 
projects in the real world. 

Stearns was praised because his water supply 
system - dams, reservoirs, aqueducts, pumping 
station and pipes - was "conceived with fore
sight. .. guided by the hand of nature ... [repre
senting] in perfection of detail and embodi
ment of the best practice of hydraulic 
engineering."3 And Stearns was eulogized in 
1919, because "men came to him sure of his 
friendly interest and sound counsel."3 They re
lied on the thoroughness of his analysis of a 
problem:Ferguson would not be surprised that 
Stearns' projects got built. 

The Design Process 
The first of Ferguson's rules of the design enter
prise is that there is no unique or correct solu
tion to any problem of design. Or, at least, if 
there is an optimum design solution, it is only 
likely to be extracted from a long process of trial 
and error. The design process is always open-
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ended and its success often owes more to the in
tuition and the personal experience and style of 
the design engineer than to the application of 
specific rules or formulas. No wonder Ferguson 
welcomes the comparison of the great designers 
with great artists however much the profession 
may tend to distinguish the science of engineer
ing from the qualities of art. For Ferguson, the en
gineer whose approach is limited by the notion 
that a problem can be solved by identifying a cor
rect formula and then properly applying compu
tational problem solving will have lost touch 
with the creative well-spring that leads to design 
solution masterpieces. 

Isn't it equally true that no public issue of any 
complexity can be solved by an approach cen
tered only on a formula and a computation, pre
dsely because no such problem, like no design 
challenge, has a single answer? A goal -
whether in engineering design or in public pol
icy - 11 may be reached by many, many different 
paths, some of which are better than others but 
none of which is in all respects the best way."4 

The second of Ferguson's key points is the 
appreciation that good design almost always 
depends on consultation and collaboration. 
Even if every project somewhere requires a de
sign leader, project designs are always the re
sult of skilled people working together and en
gaging in the social process of exchanging 
ideas, testing the application of diverse re
ceived wisdom and continually refining a de
sign as it resolves into a plan. 

Ferguson saves a special measure of concern 
for how the traditional collegial qualities of a 
drafting room can be preserved if designs are to 
be developed by engineers engaged in autono
mous· interactions with modern computer
aided design/ computer-aided manufacturing 
(CAD/CAM) workstations. An engineering 
profession that wants to equip engineers to im
plement projects in today's public environ~ 
ments would do well to keep engineers in 
touch with the qualities that Ferguson claims 
the drafting room taught: the need to recognize 
and resolve divergences of view, the gifts of ne
gotiation and the informal processes of discus
sion, banter and even gossip - all familiar 
parts of the profession's best traditions in 
achieving outstanding engineering design.4 

These drafting room practices do not diverge 
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too much. from the public policy problem
solving process. 

Ferguson's third point is perhaps his most 
personal: he believes absolutely .in the neces
sity for visual thinking in the work of engineer
ing. As his book's title emphasizes, the mind's 
~ye plays a critical role in conceiving and ex
pressing any design. 

The Importance of Communication 
Visual thinking rests, first and foremost, on ac-

. tually seeing things. The following passage in 
Ferguson's book illustrates a key point:4 

11 
[ A ]n engineer's intelligent first response 

to a problem that a worker brings in from the 
field is 'Let's go see.' It is not enough to sit at 
one's desk and listen to an explanation of a 
difficulty. Nor should the engineer refer im
mediately to drawings or specifications to 
see what the· authorities say. The engineer 
and the worker must go together to the site 
of the difficulty if they expect to see the prob
lem in the same light. There and only there 
can the complexities of the real world, the 
stuff that drawings and formulas ignore, be 

· appreciated." 

Visual thinking has to do not only with how 
we learn about the complexity of things, but 
also with the variety and subtlety of the ways in 
which complex ideas can be expressed to, and 
discussed with, others. No summary will do 
justice to the book's extended development of 
Ferguson's ideas in this area, but, for example, 
visualize the distinctions among three depic
tions of a simple welded motor support frame. 
First, there is a complete orthographic projec
tion. It is full of detail and capable of yielding 
copious and complex information - but only 
to the reader who knows how to extract that in
formation. Next, imagine a simple sketch. It 
yields basic information about the shapes of 
the welded elements. Finally, visualize a sim
plified hand-drawn perspective sketch. No 
shape is appearing on the page as it is, but the 
whole design is presented to the eye as it really 
looks. To choose the right· drawing for its in
tended purpose of communication - that, says 
Ferguson, is a gift really critical to the designer 
whose intention is to have a dialog with others 



about the aptness of a design development and 
a design solution.4 

. This point really hits home. New, and won
derful, visual tools that aid engineerings in their 
jobs - such as geographic information systems 
(GISs) and CAD/CAM systems - often get in 
the way of effectively conducting tl].e art of public 
communications. These visual tools are too often 
thought of as an end in themselves and not a 
means. In addition, CAD/CAM systems can 
show anything and sometimes, unfortunately, 
everything. Today'~ engineers can be prone to 
think that the slickest computerized plot is a far 
superior communications tool to a simple sketch, 
when all the audience wants is to be able to un
derstand just a fraction of what the computer plot 
presents on the page. 

Over-reliance on the computer has robbed 
the engineer of the gift for simple communica
tion - the expression of what should be in their 
mind's eye as the essence of the design solution. 
Too often these days engineers are puzzled and 
even put off when asked to draw out on a black
board how to explain a particular problem to a 
citizen review committee or an agency's board 
of directors. But when the simple sketch is com
pleted, everyone seems to understand the prob
lem. Only when that understanding has been 
reached is it desirable to go back. to a fancy com
puter plot or a GIS printout and decide how to 
edit, clarify, modify and delete information so 
that it would tell the story that had taken form in 
the mind's eye. That is how effective communi
cation begins. Ferguson most probably would 
give complete approval to Henry Petroski' s ac
count of Gustav Lindenthal, the great 19th cen
tury bridge designer:1 

"Lindenthal, like virtually all great engi
neers before and after him, was a master of 
the pen and pencil as well as of bridge de
sign, which should not be surprising. The 
dream of a bridge, which typically takes its 
first tangible shape in the form of a pencil 
sketch, would win no financial or political 
support were its engineer not able to flesh it 
out in words [and, Ferguson might add, 
drawings] that convey not only the technical 
excitement of the project but also its benefit 
to the community of investors, merchants, 
politicians and people generally." 

These ideas cannot help but resonate and in
spire today. Surely, Ferguson speaks wisdom 
when he offers the judgment that:4 

" ... an engineering education that ignores its 
rich heritage of nonverbal and visual learninK 
will produce graduates who are dangerously · 
ignorant of the myriad subtle ways in which 
the real world differs from the mathematical 
world their professors teach them." 

Even worse, those engineers will also have 
been short-changed when they seek to commu- ' 
nicate with others about the engineering solu
tio~s they design. 

Formulating a Plan of Action 
Ferguson offers insights that can be applied to 
the task of fostering the strongest possible pro-

. fessional climate for good engineering at a pub
lic agency. That climate should reinforce the 
quality of engineering, the professional satisfac
tion of engineers and the effectiveness of engi
neers in participating in the grand public pro
cess of making public projects a reality. There are 
some simple steps that can be taken to answer 
some small measure of Ferguson's call. 

First, the collegial values in the engineering 
process must be emphasized - especially the 
ways that good engineering depends on a life
long participation in engineers' education of 
each other. A mentoring process is needed that 
goes beyond the simple supervision of task as
signments. It must promise that engineers at 
varying levels of experience share their prob
lems, questions, insights and suggestions. For
mal mentoring structures will also help build 
and reinforce informal mentoring structures -
perhaps an even more important need. Engi
neers at every age, rank and level of profes
sional qualification owe themselves nothing 
less. Such an effort might have an effect not 
only within an agency, but could ripple out to 
find new ways to encourage an even higher 

. level of fundamental creative exchange with 
related consulting engineering firms. 

Second, the importance of effective visual 
presentation of engineering ideas must be em
phasized. One way to do so wot,J.ld be to create a 
"Map of the Month" display that greets em
ployees and visitors. This "Map of the Month" 
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would explain some of the agency's projects 
and present very interesting data - for exam
ple, one month could show the street-by-street 
distribution of yellow water complaints in two 
service area communities. In addition, the very 
best visual communication by engineers (with 
or without their computers) should be pre
sented, as best suits their cause and their audi
ence's need, of the designs and projects that are 
the day-to-day inventions of their skill and 
training. When employees, consultants and the 
public come in· and out of the building, all 
should understand that engineering design is 
at the heart of the agency's enterprise. 

Third, an Employee Recognition Committee 
should undertake a special assignment to an
nually recognize design solutions by agency 
engineers that exemplify the best professional 
standards of engineering judgment and crea
tivity. Good engineering design should be 
viewed in its very broadest context. Engineer
ing design does not happen only in the transla
tion of new projects into plans and specifica
tions. Engineering design happens everywhere 
in every organization every day: in the field, 
solving construction problems; in operations, 
making our plants work day after day. To show 
how far from the original drafting table or 
workstation the design challenge can arise, 
Ferguson himself pointed in 1992 to a specific 
example from 1970 that every good movie-goer 
can now immediately call up: no better exam
ple of the true art of the designer can be imag
ined than the rescue of the Apollo 13 mission. 
That case is a reminder that there are few 
bounds to the situations in which engineers can 
be asked to apply the arts and skills of good de-
sign. · 

Finally, an engineering leadership council 
should be established to foster on-going efforts 
at strengthening the engineering culture. To 
achieve this goal will not be easy. Translating 
this bare idea into a real plan will be a perfect 
design challenge. 

Conclusion 
The profession of engineering and the histori
cal and contemporary sources of its practices 
and traditions are rich beyond all measure. Yet, 
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engineering, like so much else in the world, is 
also in a state of experiencing enormous chal
lenge and change. However, the future of engi
neering will best reward engineers and non
engineers alike if continuities with the classic 
qualities of engineering - the values of good 
design and all the supporting attributes that 
Ferguson shows it to have embraced through 
the profession's proud history - can be woven 
as unbroken threads into the magic carpets on 
which engineers will help take our communi
ties to bright futures. 

NOTE - This article was adapted from the author's 
Lawler Lecture presentation to the BSCES on April 
24, 1996. 
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