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he systems approach is a

mainstay of engineering

theory and practice, but it

has been misapplied in the

public policy arenaand it is

now viewed skeptically.
This article briefly analyzes the
problems that have been encoun-
tered with certain prescriptive
applications of system conceptsin
the field of public policy. It then
suggests steps that could restore
credibility and legitimacy to poli-
cy-related applications of the sys-
tems approach.

SYSTEMS APPROACH:
BRrRoAD VIEW

The systems approach is one
genera way of going about tackling
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a problem; some others include the
experimental, political, moral, reli-
gious, and aesthetic approaches [1,
p. 5], [2]. The systems approach to
a problem tends to take a broad
view, tries to take all aspects into
account, accepts the basic proposi-
tions of science, assumes that the
world contains structured wholes,
and concentrates on interactions
between different parts of the
whole [1, pp. 5-6].

Within engineering, the sys-
tems approach probably dominates
professiona practice. Most engi-
neering design is largely system
design. Relatively few engineers
design devices, the majority of
engineers connect “boxes’ togeth-
er to create systems. Thinking in

systemic terms is second nature to
most engineers — otherwise the
wonderful and complex things
they create wouldn’t function.
Elements of the systems
approach have long been in wide-
spread use. Astronomers and physi-
cists have analyzed dynamic sys
tems for many centuries, and more
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recently ecologists have studied
ecosystems, meteorologists have
studied atmospheric systems, and
political scientists have studied
governmental systems, to name a
few. Most of these users have had
only descriptive aspirations, and
they have merely wanted to show
how things fit together and related
to one another.

However, others with more
ambition have wanted to prescribe
changes — they have wanted to act
like engineers. They have wanted
to redesign landscapes, cities,
economies, governments, and even
Earth systems. When they have
tried, they have often come to
grief, and in so doing they have
given the systems approach a bad
name [3]- [7].

Engineers should care about
this because it tarnishes the field's
image. Non-engineers should care
because the world we live in could
be vastly improved, and we need
more  effective  prescriptive
thinkers in many fields. But the
prescriptions need to be credible
and legitimate.

Credible prescriptions are those
that are implementable and techni-
caly defensible. Control systems
engineers often measure imple-
mentation success using perfor-
mance measures that characterize
rates of response and tracking, and
robustness, which isthe ability of a
controller to cope with the
inevitable uncertainty associated
with imperfect models of complex
systems. Moreover, they may con-
sider implementation complexity
and cost to be important issues.
System properties such as control-
[ability, observability, and stability
limit their ability to achieve effec-
tive designs. Some policy-relevant
systems are difficult to analyze and
control, making implementation of
prescriptions problematic. The dif-
ficulties are often due to poor sys-
tem controllability and observabil-
ity properties, as well as problems
with measuring factors such as
performance and cost.

A prescription is technically
defensible if one is able to predict
its outcome with confidence and
responsibility. Good engineers are
particular about staying within their
areas of expertise, and they avoid
extending their analytical methods
to cases where the information they
require is not available. Some with
the engineering impulse are not
always so circumspect, and defensi-
bility has become a
second major credi-
bility problem in the
public policy con- T
text.

Also important
in policy applica-
tions of the systems [B
approach is the
problem of ascrib-
ing purpose, as dis- [a
cussed below. This
raises concerns
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My first job out of college wasto
design the mechanical systems in
semiconductor manufacturing
plants. | assembled standard com-
ponents from catalogs and linked
them together into heating, ventilat-
ing, air conditioning, plumbing, and
process piping systems that main-
tained comfort, air purity, sanita-
tion, and plant operations. These
systems were reasonably control-
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about legitimacy.

TYPES OF SYSTEMS
System characteristics pro-

foundly influence the feasibility of

prescriptions. Compare these defi-
nitions:

+ Engineers typically define a
system as a group or set of
objects united by some form of
regular interaction or interde-
pendence to perform a specified
function [8, pg. 15].

+ Scientists traditionally define a
system as a group of interact-
ing, interrelated, or interdepen-
dent elements forming or
regarded asforming a collective
entity [9].

Both  definitions  mention
bounded sets of objects and inter-
actions. But an engineered system
has a purpose, whereas a non-engi-
neered system does not. One can
optimize a system that has a pur-
pose, whereas one can only influ-
ence other system types. People
who have the engineering impulse
will try to analyze and change any
system they don't like, even if it
was not originally an engineered
system. Consider four vignettes:
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lable, observable, and stable, so that
we usualy did a credible design
job. These were optimizable sys
tems, and the boss gave me grief if
a design looked sub-optimal. As
designed systems, everyone agreed
on their purposes and on measures
of their optimality.

| now teach in an urban plan-
ning department, and one of the
early lessons the students learn is
that planners lack robust instru-
ments of control and operate with
inadequate knowledge of complex,
open urban systems. Also, while |
can describe an urban system, it
seems nonsensical to talk about its
purpose, which lies mostly in the
eye of the beholder. Some call it an
economic engine that achieves
efficiency through agglomeration
economies; othersthink it is a geo-
graphic feature that imposes a
transshipment requirement on the
transportation network; for others
it is a cultural cauldron that inte-
grates ethnicities into a nationa
identity; for most it is just where
they live. Cities are human arti-
facts but they are not really
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designed systems, and there is lit-
tle agreement on their most impor-
tant purposes or measures of opti-
mality. Their mayors are
frequently embroiled in controver-
sy over such seemingly universal
goals as adequate security and well
being for residents.

Credible analysis and control of
ecosystems and atmospheric sys-
tems remains elusive. Models of
agricultural, forestry, fishing, and
fossil fuel combustion impacts are
improving but behavior change in
these sectors comes slowly. Most
of uswould consider it silly to talk
about the intrinsic purpose of such
systems, except during theological
speculation. However, we influ-
ence such systems every day for
purposes of our own. Many of
these influences — such as pollu-
tion — are unintended, but both
resource extraction and environ-

ontrol
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goals are not widely shared.

Humans have long controlled
living organisms in agriculture and
in hierarchical human institutions
such as davery, the military, the
university, and the corporation.
Models of living systems have been
crude and the means of control
often have been both brutal and
ineffective. Liberal democracies
now limit the extent of such control
and, for humans, emphasize sdlf-
determination. Although some biol-
ogists claim that the purpose of liv-
ing organisms is to propagate their
DNA, others find nobler purposes
in life, human and otherwise.
Ascribing purpose to autonomous,
living agentsis a sureway to gener-
ate controversy at the deepest philo-
sophical level.

These four system examples
vary in terms of complexity, con-
trollability, observability, and sta-
bility. All but the first
lack definitive endpoints
and hence they cannot
be optimized. Would-be
controllers can do no
more than establish sat-
isficing processes, such
as adaptive management
[10], that keep the sys-
tem within an “accept-
able” performance
range. Also, they need
permission from others
to perform the control
function.

My point hereis that
means and ends that are

mental laws are very purposeful. It
remains difficult to establish mea-
sures of optimality, because there
is little agreement on what we
want. Either we establish an arbi-
trary goal —restoring the pre-
industrial state, for example — or
we resort to arguments that place
broadly shared goals such as better
human health at the end of along
causal chain with links back to
environmental conditions. Contro-
versy persists when links are tenu-
ous or scientifically unproven, or

taken as given in engi-

neered systems must be
invented and argued about for oth-
er systems. Analysis and control
may not be feasible. There is no
exogenous client, boss, or com-
mand hierarchy; the decisions
instead are endogenous and shared
by many parties. How the argument
takes place becomes important —
within which institutions, follow-
ing what procedures, according to
which methods, involving which
people. The systems approach
gains both substantive and proce-

dura dimensions that can place its
credibility and legitimacy at risk, as
its history illustrates.

EVOLUTION OF THE
SYSTEMS APPROACH

The intellectual history of the
systems approach shows two tran-
sitions, first from science into
engineering, and then out of it to
other fields. Only the second tran-
sition has been problematic.

From description to control

Descriptive modeling of systems
(such as orbiting planets) predates
Chrigtianity [11]. With the develop-
ment, first of calculus, and later, of
numerical computation techniques,
it has become possible to model
increasingly complex systems.
These modeling tools have greatly
enriched scientific understanding of
phenomena ranging from the
behavior of elementary particles to
that of the business cycle.

The engineering definition of
systems branched off from others
with the development of control
systems engineering, a widely
influential body of knowledge.
Concepts such as feedback, differ-
ence measurement, and error cor-
rection were behind advances in
electronics, robotics, space flight,
air and rail transportation, numer-
ous military technologies, biomed-
ical devices, and many other appli-
cations [12].

The same concepts contributed
to the devel opment of systems engi-
neering, which brought a quantita-
tive, scientific perspective to the
management and engineering of
complex projects. This field took
the best practices of the early Cold
War missile projects and codified
them into a coherent, teachable
toolkit. Allied disciplines included
operations research, which applied
these methods to operational prob-
lems, and systems analysis, which
evaluated the strengths and weak-
nesses of aternative planned pro-
jects [5, pp. 8-9]. Together, this
package of techniques defined the
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systems approach in engineering,
and it established a formidable
basis for managing technological
complexity.

From technological to social
systems

When something works well in
one context, there isanatural temp-
tation to apply it elsawhere. The
missile builders of the 1950s had
successfully added organizational
variables to the technological core
of the systems approach. It seemed
reasonable in the 1960s to expand
the realm of application to non-mil-
itary projects. U.S. President John-
son in 1965 issued an executive
order requiring all federal agencies
to adopt the Pentagon's systems
approach (part of Robert McNama-
ras planning, programming, and
budgeting system); and systems
engineers were put to work on a
variety of complex public problems
ranging from water resources man-
agement to urban redevelopment
[5, pp. 141-195].

Other disciplines also adopted
aspects of the engineering systems
approach. Sometimesthe usagewas
metaphorical, as when the phrase
“cybernetic federalism” was used to
describe the dynamic and self-regu-
lating system of intergovernmental
relations in the United States [13].
Often there was more literal bor-
rowing: environmental regulation
[14] and macroeconomic stability
[15] are illusgtrative of the many
socia, political, and economic phe-
nomena that were explicitly mod-
eled as controls engineering prob-
lems. The creation of a standard
system dynamics modeling frame-
work broadened the range of appli-
cations even further [16].

From hubris to timidity

Like many Great Society pro-
grams, the spread of the systems
approach encountered unexpected
obstacles and failed to deliver on its
high expectations. A historian of the
systems approach observes that
“engineers, scientists, and managers

who proved competent, even expert,
in the 1950s as system builders in
the context of military-funded pro-
jects found coping with the political
aspects of 1960s civil projects baf-
flingly difficult” [5, p. 197].

Calling something a system did
not makeit controllable or even ana-
lyzable. One observer wryly noted
that “the purpose of analysis is to
connect knowledge with power, not
ignorance with weakness’ [6, p. 9].
The aggressive systems analysts of
the 1960s overreached in their
attempts at comprehensive policy
planning, even as governments
found that they had little influence
over public problems rooted in indi-
vidual behavior. In reaction to the
embarrassing failure of “macro-
macho” analysis [6, p. xxv], policy
anaysis has since become timid,
emphasizing incremental rather
than radical change, small solutions
to smal problems, and decentral-
ized decision-making [7].

There were numerous analyti-
cal concerns. One influential cri-
tique identified seven sins of most
system modeling efforts: hyper-
comprehensiveness (unmanage-
able scope), grossness (inadequate
detail to inform decisions), hun-
griness (budget-busting data
needs), wrongheadedness (in-
appropriate implicit assumptions),
complicatedness (impossible to
validate), mechanicalness (vul-
nerability to rounding errors and
effects of calculation order), and
expensiveness (costly relative to
benefits) [17].

More broadly, there was con-
cern that the power of experts was
growing while the power of citi-
zens was shrinking. This led to
worry over the pursuit of sub-
stantive rationality (“the optimal
solution”) at the expense of proce-
dural rationaity (“the legitimate
decision”). Critics argued that any
purely instrumental (“optimizing”)
rationality enforced in a social
context must come at the expense
of both individual liberty and
democracy [18]. Liberty would
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suffer because individuals would
be coerced into serving a dubious-
ly defined public good. Democra
cy would suffer because individu-
als would relinquish decision-
making poOwer to the optimizers.
Discourse would become thinner
and alienation would set in.

Faced with these challenges and
a dearth of funding, many advo-
cates of the systems approach
retreated to places they were more
welcomed, including the Penta
gon, business organizations, and
universities. They had been found
guilty of advocating “socia engi-
neering,” aderogatory term associ-
ated with previously discredited
movements favoring “a rule by a
comprehensive knowledge of
social facts,” “the conscious, delib-
erate organization of society,” “sci-
entific socialism,” and the
“depoliticization of social problem
solving” [19]. The systems
approach — apparently just anoth-
er form of antidemocratic elitism
— skulked out of the limelight.

FUNDAMENTAL PROBLEMS
The rise and fall of the systems

approach in public policy illus-

trates two fundamental problems
of analysis in support of decision-
making:

+ appropriate simplification of
reality — choosing a model
specification that has credible
inputs and functiona relation-
ships, as well as outputs of
interest to decision-makers;
and

¢+ successful communication —
ensuring that information flows
freely and interactively along
three key pathways, between
analysts and decision-makers,
between analysts and the gener-
a public, and among analysts
with different specialties.
These problems require that

analysis be tailored to its context,

and that the method be applicable
in that context. Adopting engineer-
ing tools without adequate consid-
eration of their applicability led to



embarrassing failures.

In public settings, analysis also
needs legitimacy to be effective.
Legitimacy in this context may
have two sources [20]:
¢ a status-based, numinous,

“authoritative” legitimacy such

as that enjoyed by god-kings,

charismatic  leaders, and
respected scientists; or

+ a consent-based “civil” legiti-
macy that is granted to experts
by the public in return for fol-
lowing constitutional rules and
open, demacratic procedures.

Credibility, which 1 earlier
introduced as a separate concern,
can now be subsumed into status-
based legitimacy. Early users of
the systems approach in public set-
tings relied solely on their authori-
tativeness and found it inadequate
to the task.

THE ROAD TO
REHABILITATION

A boisterous partisanship dom-
inates most real democracies, and
when it becomes excessive, people
see that substituting politics for
informed decision-making carries
acost. Think of the careless public
execution of the Office of Technol-
ogy Assessment by a belligerent
104th U.S. Congress in 1995.
There is a permanent tension
between knowledge and power,
expertise and pluralism, in democ-
ratic societies [21]. Deep down, we
know that both are crucial ingredi-
ents of governance, but striking a
balance is difficult.

Reflecting on the retreat of the
systems approach in public life,
one of its leading advocates has
noted: “Engineering is intellectu-
ally dangerous. One works
beyond the edge of reliable infor-
mation...” [22]. Implicit in this
comment is concern that society’s
problems will not be solved if
there are no risk takers: the world
needs social engineers after all.
Or at least it needs the engineer-
ing impulse. Needed are more
acceptable and useful ways to

apply the systems approach to
public problems.

A few advocates of the systems
approach have overcome both ana-
Iytical hubris and timidity by
redefining the problem as one of
appropriate balance. They have
internalized the lessons learned to
date, becoming reflective practi-
tioners [23] who have explicitly
acknowledged the potential for
bias, bounded rationality, and oth-
er limitations. Some have worked
self-consciously — but not timidly
— to earn public credibility and
trust. These humble analysts have
accepted that there is sometimes
legitimate skepticism regarding
authoritative knowledge claims
and they have acted accordingly
[2]. While they reject the postmod-
ernist idea of “no privileged dis-
courses’ (who would drive a car
designed by Foucault?), they
nonetheless accept the reality of
today’s multicultural world [24].

Here | describe a few of the
advances that are bringing the
systems approach back into pub-
lic life.

From hard to soft

System models such as the
famous Limits to Growth effort
substituted elaborate causal struc-
tures for missing data, and the
models were criticized for their
lack of empirical validity [25].
Many policy modelers subse-
guently took an empirical turn and
relied primarily on econometric
formulations that kept them close
to their data [26]. This strategy
precluded investigation of many
important topics because adequate
data were lacking.

A subset of modelers instead
has embraced a “soft” systems
approach that uses the field's con-
cepts and structures to organize
gualitative investigations of prob-
lems[1]. This approach enjoys use
mostly in the management consult-
ing context where managers must
solve organizational problems
regardless of data availability, and

hence they are willing to lean on
mental models rooted in personal
experience [27] .

From macro to micro

Rather than focusing only on
macro-level phenomena such as
Gross Domestic Product or global
population, some analytical efforts
now use the individual decision-
maker as their unit of analyss.
Game theory helps explain major
events such as wars, tregties, and
distorted markets by modeling the
strategic interactions of individuals
asthey compete and cooperate[28],
[29]. Agent-based modeling within
acdlular automata framework pro-
duces redlistic macro-level patterns
in avariety of human systems[30],
[31]. Such approaches let analysts
move away from mechanistic,
hydraulics-style system models
with fixed structures, towards tools
that capture elements of decentral-
ized decison-making and evolu-
tion, and allow a focus on decision
rules and individual behavior.
These tools help those with the
engineering impulse to intervene in
ways that respect the individual
decision-maker and take advantage
of the adaptability of systems.

From control back to description
It may sound like a step back-
wards, but system simulation —
modeling for understanding — has
become a valuable tool in both the
origina research context and to
support decision making [8, pp. 10-
14]. In a public setting, smulation
can indicate the strengths and
weaknesses of various policy ater-
natives while also exploring the
effects of uncertainty. In a plurais-
tic society with decentralized deci-
sion-making power, the investiga-
tion of tradeoffs among aternatives
is often more valuable than a black-
box optimization exercise that
opaquely provides “the solution”

1sych work is frequently published in the
Plenum journal Systemic Practice and
Action Research.
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[32]. Individuals with diverse pref-
erences take better information
about tradeoffs back to their own
decison-making domains, so that
the analysis improves the quality of
democratic discourse rather than
making it thinner.

From comprehensive to holistic
Comprehensiveness is a desir-
able but unachievable goal for pol-
icy analysis. No system analysis
or project evaluation really
includes al costs and benefits,
even though the decision criterion
— net benefit —assumes a com-
prehensive enumeration. Users of
the systems approach invariably
struggle with boundary questions
as aresult. Yet the seductive force
of reductionism encourages ana-
lysts to study whatever they can
measure, |eads decision-makers to
manage only what can be mea
sured, and eventually deprives
both parties of a holistic view of
the forest for having focused so
intently on the trees [33].
Qualitative holism is the unap-
petizing fallback position to which
some policy analysts retreat, asin:
“Like wow, man! Everything is
interconnected, so we do systems
thinking here at the Center for
Holistic Analysis” A more useful
approach entering practice is to
employ methods (such as multi-
criteria analysis) and processes
(such as joint fact finding) that
handle data of variable quality
while dtill providing a credible
basis for decision making [34].
There is another kind of big-pic-
ture thinking that is pleasingly rig-
orous, and it instead adopts a multi-
level perspective. Careful holistic
thinkers ask what level of detail is
appropriate for analyzing each par-
ticular question. The world is made
up of systems within systems (e.g.,
engines within automaobiles within
transportation systems), and each
higher level can be defined by both
its components and its emergent
properties. In the research context,
multi-level analysis is a standard

approach [35], and now it isfinding
greater use in the practice of policy
analysis[36].

From self-sufficient to interactive

One way to characterize the
division of labor between decision-
makers and analysts is that the for-
mer decide upon reasonable deci-
sion rules, while the latter strive to
apply those rules rationally. “Rea
sonable”’ decision rulesareinternal-
ly consistent and are the outcome of
moral argumentation. “Rational”
application is logical, valid, reli-
able, and empirically tested.

Analysts get into trouble when
they adopt decision rules indepen-
dently of decision makers. For
example, is a “net social benefit”
decision rule used to justify the
displacement of local residents for
a hydroelectric dam reasonable?
Secondarily, isthe method used for
estimating the costs and benefits
rational? A rational analysis is of
no use if it is based on an unrea-
sonable decision rule. Given that
there are many possible decision
rules, analysts should ask.

The interactive planning move-
ment [37] addresses such issues.
Some anaysts now specialize in
building complex computer mod-
els directly with groups during
participatory workshops. This
approach works well in manageri-
al and administrative contexts
where few data are available and
models codify experience in a
causal structure. Examples include
modeling the flow of children
needing foster care in New York
State, homelessness in New York
City, and Medicaid expendituresin
Vermont [38].

Those engaged in group model
building processes have identified
digtinct roles for analysts, including
facilitator (the person in front of the
room eliciting knowledge), model-
er/reflector (criticaly evaluates the
model being built), process coach
(observes and guides facilitator's
interventions in group dynamics),
recorder (tracks the groups ideas
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and decisions), and gatekeeper
(represents the client’s interests)
[39]. Others instead arrange itera
tive exchanges between anaysts
and decision-makers to design, val-
idate, and exercise models in more
public settings [32].

From substantive to procedural

In a public context, technical
expertise is a necessary but not a
sufficient condition for effective-
ness as an anayst. Public policy
currricula aso include training in
critical thinking, mora reasoning,
and effective interpersonal relations
[40]. That has not been the case in
fields such as engineering, econom-
ics, ecology, and physics, whose
graduates are the most voca advo-
cates of the systems approach in
public affairs. An increasing
amount of cross-training now
occurs [41], and more analysts are
bringing a sophisticated under-
standing of both substantive and
procedural matters to their jobs.

Rational analysis is a fragile
endeavor that flourishes only when
those with power permit it to do so.
The institutions of both science
and democracy are only afew cen-
turies old, and the notion that the
“force of the better argument”
should prevail in public debates
has particularly shallow roots in
the human experience [42].

Some savwvy analysts therefore
build “boundary” organizations that
carve out a neutral space for per-
forming technica analysis on an
ongoing basis by balancing the rel-
aive influence of competing inter-
ests[43]. Theformer U.S. Congres-
sional Office of Technology
Assessment (OTA, 1972-1995) was
one example, another is the Hedlth
Effects Institute, which is co-fund-
ed by the automabile industry and
the U.S. Environmental Protection
Agency to perform toxicological
research that directly informs regu-
latory decision-making. Since fund-
ing comes in equal portions from
both parties to the regulatory
debate, research findings are more



readily accepted. The OTA's study
process was very open and interac-
tive, it invited both experts and
interested parties to help set the
scope of their studies and to review
the draft products.

RESTORING CREDIBILITY

AND LEGITIMACY
In conclusion, | suggest that

some with the engineering impul se
have misapplied the systems
approach in the public sphere, so
that past work has lacked substan-
tive rationality — credibility — as
well as procedura rationaity —
legitimacy. | argue that the more
successful current advocates of the
systems approach work carefully
to do two things:

+ Interact frequently with deci-
sion-makers, other analysts,
interested parties, and the lay
public, from initial scoping
through externa review of ana-
Iytical work. Open communica-
tion is crucia because it helps
analysts build models that
appropriately and credibly sim-
plify redlity for their specific
context.

+ Have the humility to seek both
status-based and consent-based
sources of legitimacy for ana-
Iytical work. Consciously bal-
ancing those sources helps to
restore both credibility and
legitimacy to the systems
approach in public policy.
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