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METHODOLOGY

The hard facts support the use of soft systems methodologies and
problem structuring methods in tackling real-world situations

By Hans G. Daellenbach

n 1961, C. West Churchman, one
of the pioneers of operations re-
search, told a graduate class at the
University of California-Berkeley

that it was in our hands to put
operations research to work for strate-

gic, executive-type problems of major
1mportance to firms, governmental
. agencies and society as a whole, rather
- than get bogged down in tactical pro-
duction problems of relatively minor
importance — the path he saw OR
veering toward. If we did not do this,
Churchman said, then other people
would come along and do it, but they
would not call it OR. His prediction
came true in the early 1970s with the
birth of soft systems methodologies
and problem structuring methods
- (SSM/PSM).

What Churchman did not expect
was that the SSM/PSM people would
also partially reject his own philosophi-
cal approach to problem solving, al-
though a number of them used his

views as a starting point, incorporating

and extending his philosophy of a dia-
lectic debate. In fact, most of the new
methods grew out of trying to apply the
traditional OR, systems analysis or sys-
tems engineering paradigms to less
well-structured situations.

Learning from their failures, SSM/
PSM designers developed new ap-
proaches known as (the name of the
principle proponent and the date of the
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major publication appear in parenthe-
ses): the strategic assumption surfacing
and testing method (R. Mason and I.
Mitroff, 1969/1981), the metagame
analysis (N. Howard, 1971), the viable
systems model (S. Beer, 1972), Check-

land’s soft systems methodology (P..

Checkland, 1972), the social system sdi-
ence (R. Ackoff, 1974), strategic choice
approach (J. Friend, 1978), robustness

" analysis (J. Rosenhead, 1980), the hy-

pergame (P. Bennett, 1980), strategic
option development and analysis (C.
Eden, 1983), critical systems heuristics
(W. Ulrich, 1983), and the meta-meth-
odology total systems intervention (M.
Jackson, 1991).

Except for Jackson’s methodology,
each of these new approaches was de-.
veloped to cope with particular situa-
tions. Therefore, they may not neces-
sarily be suitable for completely

~ different situations. Together they.

have been applied to more than one

thousand documented real-life appli-

cations involving strategic issues, re-

* sulting in actual implementation of

results or provoking a significant shift
in thinking while leading to other
projects.

It behooves us to listen to what these
results have to say about the role of OR

-and why these approaches claim greater.

relevance for today’s complex world.
Without apology, [ will liberally bor-
row from J. Rosenhead’s incisive intro-
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ductory chapter to “Rational Analysis
for a Problenmatic World” [1989).

. The domain of ‘hard’

methodologies

The protagonists of SSM/PSM refer to
OR/MS and similar approaches as hard
methodologies. Their claim is that OR/
MS methods are suitable only if:-

* The problem has been clearly defined,
implying that: the objectives of the de--
cision maker are given a priori, and
there exist criteria to ascertain when
they have been achieved; the alternative
courses of action are given, either as a
list of options or a set of decision vari-
ables; the constraints on the decision
choices are known; the input data
needed are available, regardless of how
massive the requirements; and objec-
tives, alternatives and constraints re-
main constant throughout the solution
process, except for straight-forward
numerical changes, i.e., they are not af-
fected by the solution process.

* The problem can be sufficiently well
insulated from its wider system that
forms its environment, i.e., it can be
optimized on the basis of the inputs it
receives from the wider system.

* The problem is relatively well-struc-
tured, even if it may be complex,
meaning that: the relationships be-
tween the variables are tractable; they
can be expressed in quantitative form;
and the computational effort for de-



termining the optimal solution is eco-
nomically feasible.

* Uncertainties, if they exist, relate only
to the environment and can be cap-
tured by probability distributions.

* The problem is of a technical nature,
largely devoid of human aspects.

* The problem is seen exclusively from
the vantage point of the decision maker.
Only his or her objectives are consid-
ered. If the solution derived by the

method is accepted, implementation is -

assumed to follow. This implies a hierar-
chical chain of command where the de-
cision maker has the power, means and
willingness to enforce the decisions.

* The external analyst is capable of
bringing all strands together and employ
high-powered, complex techniques that
often completely hide how the solution
has been derived, i.e., accepting the solu-
tion is often an act of faith, rather than
being based on a proper understanding
of the solution derivation.

SSM/PSM advocates claim that, al-
though many such problems exist, the
majority of the real-life strategic prob-
lem situations in business, industry and
government violate many, if not most,
of these assumptions. The traditional
OR paradigm cannot accommodate
these important problems and is thus
largely reduced to dealing with rather
simple and less important tactical
problems after the major decision has
already been made.

" Many OR/MS texts and scientific,

hard-core OR journals help confirm this
impression with their emphasis on the
mathematics of OR. Textbooks typically
devote six to 10 pages to the OR para-
digm and then devote the remaining 98
percent of the text to techniques and
examples of the use of techniques. The
major portion of scientific OR litera-
ture is devoted to the mathematics of
OR, with little concern for the practical
relevance or the practical use of the
techniques and algorithms presented.
Practical problem solving — the origi-
nal tenet of OR — now receives little
more than lip service. Even if the authors
talk of applications, they only mean the
“potential for” applications. They give us
toy examples. Few of the new techniques
and algorithms will ever see a practical
implementation to a real-life project. Asa

result, most practicing operations re-
searchers largely ignore this portion of
the literature. Their approach to problem
solving is much more comprehensive,
flexible and realistic.

There are some notable exceptions
to, and efforts to counterbalance, the
emphasis of the mathematics of OR.
JORS, the official journal of the United
Kingdom’s Operational Research Soci-
ety, and Interfaces, jointly published by
ORSA and TIMS, have regularly run
accounts of real-life applications since
the late 1970s. Each year, one issue of
Interfaces is devoted to the six finalists
of the annual Franz Edelman award for

‘management science achievement. The

award recognizes outstanding ex-
amples of professional, implemented
OR practice. Since 1986, Operations

related and interdependent issues. I -
fact, one of the initial tasks in any
project is to choose the issue or subset
of interrelated issues to be tackled first.
Consider:

1. Each stakeholder has her or his own
Weltanschauung, i.e., way of viewing
and interpreting the problem situation
based on her or his background, expe-
rience, training and values. This implies
that each stakeholder has her or his
own perspectives and priorities. There

. is usually no a priori consensus. At the

inception, most stakeholders are not
fully aware of their own world view, let
alone the views of other stakeholders.
Consequently, objectives are not
known a priori, but emerge only during
the process of selecting a relevant issue
and studying it (the solution process).

The tradmonal OR paradlgm cannot accommodate {:
- these |mportant problems and is thus largely

| reduced to dealmg with rather simple and less
|mportant tactical problems after the major deCIsmn
has already been made SR

Research, the flagship journal of ORSA,
includes one or two accounts of imple-
mented applications of OR work in
each issue. However, the majority of
these applications deal with tactical
problems. In my opinion, this is far too
little in relation to the flood of papers
on the mathematics of OR.

- The real world of strategic

decision making

The protagonists of SSM/PSM per-
ceive the real world of strategic deci-
sion making quite differently. In the
real world:

* The problem is not known a priori.
What is presented, or what may trigger
an investigation, is a problematic situ-
ation, It is often vague and only par-
tially specified. It involves various
stakeholders: the problem owner(s)
(the person who controls the means),
the problem user(s) (the person who
will use the results), the problem
customer(s) (the victim or beneficiary
of the results), and the problem analyst.
[t usually consists of a number of inter-
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Furthermore, since a person’s world
view is not something fixed for all times
but is affected by experience and inter-
action with other people, the perspec-
tives and priorities (the objectives)
change during the solution process.

2. From this, it follows that the stake-
holder will want to pursue multiple
conflicting objectives, but the prefer-
ence structure over the objectives still
needs to be externalized. Again, the
preference structure may be subject to
change as part of the solution process.
3. The “means” available are only partial-
ly known a priori. New means may
emerge as part of the solution process.
Means are not just subject to technical
constraints, but also to cultural feasibili-
ty. The latter may again change as world
views change during the solution process.
4. There will be data gaps. The data may
not be available, or not in the form re-
quired, e.g., average rather than mar-
ginal costs, or not relevant to the new
system contemplated. There may not
be sufficient time, resources and will-
ingness on the part of the stakeholders
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to get them or disclose them. There-
fore, decisions may need to be made in
the absence of all desirable data for a
proper rational choice, as required by
many high-powered OR techniques.
* Since problem situations consist of
interdependent issues, a particular is-
sue cannot easily be isolated and “opti-
mized” independently. There are feed-
back loops with other issues. Hence,
the concept of optimization becomes
somewhat questionable.
* Because the problem is not known a
priori and consists of interdependent
issues, strategic problem situations are
complex in the sense that they are ill-
defined, involve people and aspects that
do not necessarily lend themselves to be
quantified, and are subject to various
types of uncertainties. This contrasts
with the purely technical and computa-
tional complexity that can be handled
by OR techniques. Strategic problems
are dynamic.
* There are at least three types of uncer-
tainties and ambiguities:
1. Environmental uncertainties, only
some of which may possibly lend them-
selves to partial specification by proba-
bility distributions. However, most stra-
tegic decisions involve completely new
and unique futures. Therefore, past data
are usually of little relevance and use.
2. Ambiguities about objectives which
are due to conflicting perspectives and
only partially externalized world views
of the various stakeholders. Hopefully,
the solution process will shed more
light on these aspects. But it would be
wishful thinking to expect that world
views of the various stakeholders will
ever be fully externalized and a full con-
sensus between the various stakehold-
ers reached.
3. Ambiguities about the cultural, so-
cial and political feasibility of means.
These may not be apparent a priori, but
only become known as part of the solu-
tion process.

Coupled with this are the biases most
individuals fall victim to when attempt-

ing 10 make statements about data sub-
ject to uncertainties and ambiguities, and .

the effect of framing on their answers [see
the seminal papers by A. Tversky and D.
Kahneman, 1974 and 1981].

* People are active participants in the so-
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lution process. They are not passive sub-
jects to be studied; their involvement
does not end once the data extracted
from their minds has been fed into the
solution technique. Hence the problem
situation is dynamic, not static. It in-
volves cultural, social and political as-
pects with all the emotional and political
complications of real people.

* Strategic decision situations usually
involve groups of people with different
perceptions, priorities and agendas, not
just a single decision maker. Even if a
hierarchical structure of command ex-
ists, implementation of the solution
still requires the active acceptance and
cooperation of almost all stakeholders
to become effective, not just the top de-
cision maker, However, for mostissues
in the public arena (health, justice or
the environment) there is no hierarchi-
cal chain of command, but a confron-
tation of various highly educated

- groups with a vested interest, such as

the medical staff, nurses and the ad-
ministrators in a hospital. The solution
process must be able to cope with such
multitude and diversity.

* All stakeholders respond best if the
method used is genuinely participative
and transparent to them, and if they
contribute to the construction of the
solution actively, i.e., if they own the
solution. The role of the analyst, if there
is one present, becomes more one of a
facilitator than problem solver.

The OR paradigm assumes away
most of these aspects. The problem is
taken as already neatly defined and
ready for mathematical modeling. The
critical and difficult problem-shaping
aspects that any analyst would have to
deal with are absent from the paradigm.

The only OR model that tries to deal
with the human aspects of conflict is
game theory. As J. Rosenhead {1989, p.
8] states, “ ... the classical theory can
handle only a thin caricature of the
richness of real situations. Practitioners
have made virtually no explicit use of
game theory, leaving it as the preserve
of academics of an unusual abstract
disposition.”

Main features of SSM/PSM
The protagonists of SSM/PSM claim
their approaches can handle the real
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world of strategic decision making
more successfully than OR for the fo]-
lowing reasons:

* Their approaches do not deal with
problems, but with problematic situa-
tions that consist of various interrelated
issues and involve multiple stakehold-
ers, all bringing in their own personal
world views, perspectives, priorities
and agendas of which they are only par-
tially aware. R. L. Ackoff refers to these
as “messes.”

* Cutting through the maze of interre-
lated issues is a critical part of these ap-
proaches. A major effort goes into this
aspect. For the ultimate results or solu-
tion to be of any value and use, this as-
pect has to be done right.

* They are truly participative, involving
all or most stakeholders at various stages
of the solution process. There are spe-
cific aids for facilitating dialogue be-
tween the various stakeholders.

* They first look at “what” or strategic
questions, rather than “how” or tactical
questions, i.e., “What is the nature of
the issue?” or “What changes are sys-
tematically desirable and culturally fea-
sible?” Only when a sufficient consen-
sus has been reached on such aspects do
they address, “How are these changes
best brought about?”

* They accept that the problem cho-
sen is an intellectual construct. A dif-
ferent group of people would per-
ceive the problem differently, and so
might the same group in a different
context. But if the problem is an in-
tellectual construct, so must be the
system(s) built to solve it. The prob-
lem definition and the corresponding
system(s) are thus subjective. There is
no implication that this particular
system exists in the real world or
should exist in this form.

* They are not optimizing, but
satisficing approaches to problem solv-
ing, although they aim to devise solu-
tions that are effective in terms of the
goals, and efficient in terms of the
means. Many do not attempt any rigor-
ous quantification, although this is not
excluded if it leads to greater insight
and consensus into the various per-
spectives, and into the technically and
culturally feasible solution space. Many
also use highly effective graphical aids



to bring out the structure of the issues
considered and the relationships be-
tween various aspects. This does not,
however, imply that these approaches
are not rigorous in terms of their sys-
tems thinking and the use of systems
concepts.

* They allow the problem situation, in all
its complexity, and the means to evolve
as part of the solution process, i.e., the
problem situation remains dynamic.

* Most see their underlying philosophy
as learning systems, rather than prob-

lem-solving systems. Their aim is to
help the participants gain greater in-
sight into their own personal world
view and perspectives, the world views
and perspectives of the other stake-
holders, and the culturally and techni-
cally feasible solutions space. Experi-
ence has shown that this will induce a
critical review of their own world
view, allowing it to evolve as part of
the solution process. This, in turn, will
affect the feasible solution space and
help bring about a greater degree of
shared consensus. When a “solution”
emerges, it is almost obvious and en-
tirely owned by all stakeholders in-
volved. The underlying theoretical ba-
sis for this is H. Simon’s {1958, pp. 47-
52] model of adaptive human behav-
ior. It postulates that the level of satis-
faction, the intensity of search for new
solutions, the expected reward and the
level of aspiration form a feedback
loop of interdependent, continuously
changing variables during the search
process.

* They usually have a number of differ-
ent working modes in their solution
process. The process switches between
them in a truly iterative and flexible,
not algorithmic, fashion. A mode of
working is abandoned when either suf-
ficient or insufficient progress has been
made. This is based on the recognition
that the marginal return of further
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progress of a given mode falls off rap-
idly as more time is devoted to it, as
well as the fact that unblocking may
have to occur at another mode first.
Most methods have specific tools or
techniques for working in a given
mode. For many, there exist interactive
computer programs to facilitate work-
ing in that mode or to help gain better
insight/oversight of complex interrela-
tionships and connections.

* For.most, the point at which the pro-
cess is terminated and a decision or

resolution is reached is arbitrary, i.e.,
there is no definite terminating stage.
But work is abandoned when the stake-
holders feel satisfied with the level of
insight and consensus reached, and the
“solution” becomes obvious.
* The analyst’s role changes from prob-
lem solver to facilitator and moderator,
with the technical subject expertise re-
maining in the hands of the stakeholders.
If you are interested in reading more
about SSM/PSMs, the text by J.
Rosenhead [1989] is an excellent start-
ing point. It covers six SSM/PSMs, in-

‘cluding Colin Eden’s cognitive mapping

for strategic option development and
analysis (SODA); Peter Checkland’s soft
systems methodology; and the strategic
choice approach, jointly developed by
John Friend, Allen Hickling and others.
Each approach is first discussed and ex-
plained in general terms, followed by an
account of a real-life application with
most of its intricacies.

Some conclusions

This discussion of SSM/PSM notwith-
standing, there is a genuine role out
there in the real world for operations
research. OR has contributed to solving
a large number of important practical
problems, albeit mainly of a tactical
nature. At the same time, there is no
denying that OR’s success rate for the
more ambitious strategic problems has
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been rather poor. Even the impact of
the big energy models of the 1970s and
early '80s, into which enormous efforts
were poured by various highly presti-
gious OR groups, proved to be disap-
pointingly small. Few of the budding
corporate and governmental OR
groups of the 1960s and early '70s have
survived. These should have been the
groups involved in strategic decision
making, but most of their efforts went
into tactical problem solving. It is
rather telling that most of these groups
were dissolved, with many. of their
members assigned to line management
where they wound up dealing with the
same tactical decisions.

This could be interpreted as:a sign
that OR has really penetrated the opera-
tional level of many firms. But it also
means that firms see the realm of OR as
dealing with a variety of production, lo-
gistics and scheduling problems down at
the tactical level. If this was our aim, we
have succeeded. I doubt, however, that
most of us who got into OR in the late
1950s or ’60s saw this as our goal. We
had much higher ambitions and hopes.

On the other hand, some of the bet-
ter known SSM/PSM have an admi-
rable track record in solving real-life
strategic problems that should be the
envy of the OR community.
Checkland’s soft systems methodology
[1981] alone has seen around 1,000
genuine applications. "These ap-
proaches have found widespread ac-
ceptance among people who were not
part of the original inner circle that de-
veloped them in the first place.

One can question why OR research
and its literature seem to largely ignore
the realities of the real world of decision
situations, even of a tactical nature (not
to speak of strategic situations), and
continue to devote an ever larger por-
tion of its efforts to the mathematics of
OR rather than to practical problem
solving. I have my own pet theory: The
academic establishment demands that
its young members publish in rigorous
journals in order to climb the academic
ladder. It is much easier to publish
highly mathematical papers than rel-
evant, real-life applications. As a result,
the gulf between academic research and
real life gets wider and wider.



Viewed in this way, the established
academic operations research commu-
nity can be said to be its own worst en-
emy. Is it pushing itseif into a state of
irrelevancy? (A. Reisman’s presentation
at the TIMS 1994 Anchorage meeting

"reached that conclusion.) This ten-
dency is particularly strong in the
United States, but less so in the United
Kingdom. It has always been the reality
in the former Eastern block countries,
where it was safer to deal with the
mathematics of OR than tackle real-life
problems. Unfortunately, there are
now signs that this search for purity is
creeping into the academic circles of
continental Europe and some Asian
countries, such as China, Korea, Japan
and India. The major effect of these ef-
forts is to help aspiring academics
achieve the status of full professor.

I realize that these statements will
not make me popular with parts of the
OR community. But I see this eagerness
for developing ever more sophisticated
and esoteric algorithms as nothing
more than a sort of mathematical mas-
turbation. On the other hand, I have
nothing against people doing this, even
enjoying it, as long as they do not call it
operations research.

There will be many of you who, like
Robert Machol, a former president of
ORSA, will allege that allowing social
(or other human personality) consider-
ations to enter into the analysis is sim-
ply an attempt to hide behind the ob-
fuscation provided by sociological jar-
gon, and thus excuse improper OR
practice {1980]. Such arguments arise
out of a mistaken belief that OR prac-
tice is objective, similar to experimental
practice in the natural sciences. All OR
practitioners bring along their own
world view of which they are largely
unaware, unless they make a serious
effort to externalize it. And this, of
course, will affect how the problem is
tackled. As C. W. Churchman stated on
a number of occasions, the moment we
start tinkering with a system we be-
come part of it. In addition, data are
not free of interpretation bias and
questions of validity, nor are the ways
of obtaining them and the sources al-
ways credible [see Tversky and
Kahneman, 1974 and 1981].

Furthermore, few, if any, OR
projects are open to the type of valida-
tion or refutation by repetition, as is
possible in the natural sciences. The sit-
uations OR people deal with are dy-
namic; a project cannot be repeated
under the same or even similar condi-
tions. Hence, OR practice involves a
large dose of subjectivity. On the other
hand, most OR practice is rather slop-
pY in terms of how it uses the systems
approach on which it claims to be
based. The approach is usually system-
atic rather than systemic. Some of the
SSM/PSM approaches are more rigor-
ous in this respect.

Mathematical rigor, however, is but
one aspect to consider. Most OR prac-
titioners will tell you they would
rather use a non-rigorous approach
that comes up with usable, useful re-
sults in a given time-frame and within
the resources available than have re-
course to a flawless, rigorous specifica-
tion with highly restrictive assump-
tions that has a high risk of only pro-
ducing results of questionable useful-

" ness, often long after the original

problem has lost its relevance. R.
Ackoff [1960] used the famous anal-
ogy: “We must avoid operations of
which it can be said that the surgery
was successful but the patient died.”

In the final analysis, the proofiis in the
eating. So far, SSM/PSM have fared surpris-
ingly well and are gaining acceptance by a
wide community of executives of powerful
national and international corporations as
well as governmental agencies.

The aim of this article is to provoke
some introspection into where OR is
going, particularly for those of us in
academia. Do we want to continue on
our current path of claiming to be a sci-
ence and devote the majority of our ef-
forts into developing the mathematics
of OR, or do we want to return to the
original spirit of dealing with real-life
problem solving? How we answer this
question will greatly affect what we
teach as OR and how we teach it.

I, along with a number of other col-
leagues, opt for embracing the spirit of
SSM/PSM, and using these methods to
effectively tease out the important
problems. We may even find new ap-
plications to which we can apply our
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awesome arsenal of OR techniques
with success. But even tactical prob-
lems are better approached as problem
situations in order to put them into the
right perspective and systemic context
[H. Daellenbach, 1994).

I would like to give the last word to
Donald Schon [1987]: “In the swampy
lowland, messy, confusing problems
defy technical solutions. The irony of
this situation is that the problems of the
high ground tend to be relatively unim-
portant to individuals or society at
large, however great their technical in-
terest may be, while in the swamp lie
the problems of greatest human con-
cern. The practitioner must choose.
Shall he remain on the high ground
where he can solve relatively unimpor-
tant problems according to prevailing
standards of rigor, or shall he descend
to the swamp of important problems

and non-rigorous inquiry?” _
Circle #9 on Reader Service Card
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