
Chapter 3
Science of the Artifice

The central task of a rwfural science is to mnlce the unnderJut
commonplacer to shou tlwt complexttg, correcttg uieu.ted is onlg a
mask for simplicitg : to find patte rn t'Lidden Ln app orent chaa s... the
designer is concerned with how things ought to be -- hotl ttteg
ought to be in order to altain goals artd to Jtntctlon.

Simon, 198f ,  p.3, 7

Justification

Unlike the natural and social sciences the sciences of the "artifice" are
just beginning to be taken seriously. Its history is brief; yet, its
recognition is primarily due to the legacy of Herbert Simon and his
seminal work: The scrlences oJ the Artificinl first published in 1969.
Simon's work on human cognition and the Sciences of the Artifice
emerged from an area which at first appears to be unrelated to
architectural design and even the artifice for that matter; namely,
decision-making, particularly in the area of economics, in which Simon
has been awarded his Nobel Laureate.

Throughout its relatively brief existence as a field of study, decision-
making has been occupied with two fundamental tasks: one, developing
a sound basis upon which to construct its theories, and two, defining
varid and practical domains for the application of these theories. In
turn, the development of theoretical models in decision-making has
followed two distinct paths, reminiscent of the Rationalist vs. Empiricist
dichotomy in scientific reasoning. These are known as normsttue and
descripttue models of decision-making.

Normative models are involved with indisputable principles that
underlie decision-making. Their aim is to discover formal methods,
including mathematical ones that demonstrate the application of these
principles to specific problems in the form of deductive reasoning. one
such approach to decision-making, which has dominated the early
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debate in the field of economics is based on "...the rational man

conception."
In essence, this conception holds that (f) people have preferred

structures that obey certain axioms of well-behavedness so that (2) a

mathematical representation can be rendered of these preference

structures and (3) choice can be modeled as maximizing an imputed

objective function, e.g. expected utility, subject to certain economic
constraints.e5

Descriptive models on the other hand are based on the assumption

that decision-making is a result of the specilics of the human cognitive
process and can be represented as a stochastic phenomenon originating
from the way humans "perceive, process, and evaluate probabilities of
uncertain events." This position is related to the empiricist philosophy

and the method of induction. Research on "intuitive statistics" by
Peterson and Beachs6 points, for instance, to an optimistic conclusion
on this subject:

..ntnn ganbles weLL. He suruiues and prospers uhile using...Jallible
inJormation to inJer t]rc states oJ his uncertain enuironment and to
predict Juhtre euents. Experiments thqt haue compared human
inJererrces usiththose oJ statisticalman show thatthe normatiDe model
prouides a good Jirst approximation for a psgchological theory oJ
inJerence. Inferences made bg subjects are influerrced bg approprinte
u ariable s in approprinte dir e ctions.sT

We must observe that this dichotomy, while a fundamental one, is
not manifested in absolute terms in the models that have been
developed for decision-making. As is the case in classical philosophy,
the normative and descriptive positions are idealized positions. Feldman
and Lindell drive this point home in a recent article:

Investigalions rn... rational decision making... haue Jrequentlg sought
to contast a normattue'model oJ decisian mak@ uilh a descriptiue
model. The distinction ls sometohat misleading, surce current
nonnntiDe models.... are implicitlg descripttue. ThaI is, the model is
deJined in terms oJ specific parameters... arTd associ,ated operatiorts
bg uhich fhese parameters can be estimnted... Ba eliciting the
approprinte judgments oJ Likelihud and preJererrce, the inuestigator
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describes an iruJipiduql's decisian-making process in terms of theporameters of the proposed normathte model.se

It is against this background of interrelations between normative
and descriptive theories that we must now consider each. It is for the
sarne reason that this should emphasize and sharpen their differences.

Normative Models of Decision Making

In decision theory, normative decision-making impries the selection of
an alternative from among multiple, possible alternatives based on
economic utility, or some "value" convertible to economic utility,
associated with each selection. The estimation of the Expected Utility
(EU) of this selection is contingent, naturally, on the selected
alternative's attributes.

Principles of this approach were first stated in their axiomatic form,
in L947, by von Nerrman and Morgenstern (vN-M) as an underpinning of
the Economic Theory of Games.es while this was directed at solving
problems of economics, the ulv-M theory of decision-making provides an
excellent benchmark and a point of departure for studying many other
decision-making applications.

The vN-M Theory models the world of decisions in terms of a set of
outcomes, called X, and flre set of probabirity distributions on X, cared
P' Given two possibre payoff schemes, one, called p, with outcomes X,
and probabilities P' and the other, called q, with outcomes X' and
probabilities P". The vN-M theory defines matJrematically expressible
axioms, which attempt to articulate immutable truths about decision-
making. Consider for example:roo

Axiom 1 tf p<q, q<r, then p<r
Axiam 2 p<q implies that ap+(l-u) r < uq+(l_u)r
Axiom 3 tJ p<q<r, then O<ap+(1-u)r_q<1

Axiom-l states the principle of transitivity between payoff schemes.
If the payoff scheme p is preferable to q and q is to r; then it is
necessarily so that p must be preferable to r. Axiom-2 represents the

:



Omer Akrn

principle of ualue conserua:tian over identirg operations. Given tq'c
preference ordered payoff schemes, their ordinal value is conserved
under multiplicative and additive identity operations with the
probabilistic reciprocals (o and l-o) with respect to a third payoff
scheme: r. Axiom-3 represents the principle of ordinali'fu. Given three
ordered payoff schemes, the difference of the sum of the probabilistic
reciprocals of the largest and the smallest schemes, from the median
value, remain within the probability range.

Based on these axioms it is possible to construct theorems that can
show mathematically which choices in these types of problems are more
likely to yield greater utility:tor

Theorem 7:
A decision maker's preJerences Jor lotteries in p satisJg ttrc axioms dJ
there exists aJunction strchthatp < q; lff AuIx)p(x) < )u{x)q(y) toz

According to this theorem, given the expected outcomes of $rooo.
$2OO, and -$5OO with associated probabitities of .5, .25, and .25, for p:
against $50o' $47o, $sso, and -$tooo with associated probabilities of
.6, .17, .13, and .1, for q; we can state that:

p < q !ff .5u ( lM) + .Z5u (@ + .2Su (ffi) < 6r (ffi) + . 1 Zu (47O) + . 1 et @e + . lu ( 1 ffi)

The underlying assumption of this approach is that decision makers
can make the correct decisions about choices so long as they behave as
predicted by the principle of "rational economic men" represented b1.
these mathematicar models, while this point of view has dominated the
modeling of economic behavior for a long time, modifications of this
theory have been introduced from time to time in order to overcome the
discrepancies between the predictions of the model and the actual
behavior of decision makers.

Savage (f954), for instance, expanded the vN-M Theory to include
subiectiue uncertaintg. During the 6o's, slhsrsro3 developed versions thar
take the middle road in quantifiring uncertainty. A1l of these
modifications attempted to cast the normative Theory of vN-M as a
descriptive one. It is this effort, which ultimately led to the recognition
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that decision-making, must take into account subjective assessments of
utility and cannot be solely based on the assumption of rational
behavior. This, in turn, gave rise to concepts such as Bounded
Rationality, satisficing Solutions, and Information processing Theory.

Descriptive Models of Decision Making

Under this category, we will review three kinds of theories that have
been developed by various research efforts. The first covers efforts that
try to diagnose the shortcomings of normative Theories and suggest
corrections that will take into account the non-rational behavior of
human decision makers. we will call these modlfied. normative models.
The second one represents a more radical departure from the normative
models. It includes models in which tJre complexity of the decision-
making process employed by the decision maker, not to mention tfie
underlying cognitive "mechanism," is a precedent. These we will call
Information Processing models of decision-making. The third category is
similar to Information processing models in the sense that it treats
decision-making as a sequence of transformations, such as in cognition,
based on heuristic rules of decision-making and choice. These we will
call heuristic models.

when normative models were used as descriptive tools, they fell
short in accurately predicting decision makers' behaviors. Early
experimental tests found the vN-M uulity Measure to be operational
and capable of predicting choice behavior. somewhat later, however,
there appeared formulations of choice situations in which people
systematically violated il5 a,rie65. roa

This led to the inclusion of subjectively measured factors of utility
and probability in decision models. Kahneman and rVerslcy,ro5 in
proposing such a theory, summarized the shortcomings of normative
models, using three concepts, Certainty, Reflection, and Isolation.

People generally do not weight the utilities of outcomes by their
respecuve probabilities (as is assumed in EU theory). Instead, they tend
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A Cartesian Approach to Design Rationality

Newell and Simon offer a simple model to describe the key elements
of such systems (Figure 3.1). Given such a structure, the human
information processing system has several key functionalities: (l) a
number of prirnitive information processes that operate on the
information contained in the system, (2) a set of rules for combining
these processes into larger sequences that perform certain functions for
the overall system, and (3) a control mechanism that governs the overall
goal direction of the system.ros

There seems to be specific cognitve structures that enable the
processing of incoming information. First, these patterns are translated
into symbolic code that is stored in Short Term Memory {STM}. This is
temporary until the information is either incorporated in Long Term
Memory ETM) or discarded to make room for new information being
admitted into STM.rro Human LTM seems to provide both "unlimited"
capacity for storage and a complex retrieval storage mechanism for ease
of information access.

Figure 3.1 Informntton Processtng model oJ humrn cognition (Ftom Netoell
and Simon's, Human Information Processin$.

Within the parameters of these mechanisms, there are several
functional limitations that are insurmountable for human decision
qlutksls.rtt First, there is the inherent sequentiality of operations.
Second, there is the limitation of the span of STM, which is around
seven chunks, or units of information. Third, there are latencies
involved during storage of information in LTM, which is in the order of
five to ten seconds.
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knowledge and skills that are applied to these problems. students of
this field of study have recognized that it is the very nature of the
building design problem, which, incidentally, has been called many
things from "ill-defined" to "wicked," that contributes most to this
difficulty. Here we will describe some recent approaches to design
decision-making, which recognize and exploit the ill-defined viewpoint.
In this approach, we will consider architectural design as less of a
problem to be solved and more of a cognitive process with changing
parameters and variables.

In general the results of research on design indicate that: l) the
design process exhibits characteristics that are shared by other
information processing phenomena, 2) certain behaviors of designers
can be adequately described using various cognitive and problem
solving models, and 3) some aspects of design behavior go beyond those
that can be demonstrated by simple, algorithmic procedures. It is this
final category of results in which we will be interested since they reveal
the most about distinctions between decision-making in design and
decision-making with more confined problem domains.

Primarily, designers are also bounded by all of the limitations that
apply to decision makers in general. The span of srM is comparable to
those found in other problem solving domains. Information stored in
LTM is grouped into semantic "chunks" for later retrieval. The storage
latencies for LTM are substantially greater than those for the STM, and
the processing of information in general is sequential.r16

Added to this picture is the large set of disciplines that get involved
in making decisions in architecture. It is inevitable, then that building
design problems present new and unanswered challenges to cognitive
models of decision-making. Three major parameters of design decision-
making stand out among the ones that have been articulated. one is
the decomposition of the domain of decisions into smaler ones. Two is
the sequence of issues to be considered and the decisions to be made.
Three is the integration of individual and independent decisions into
comprehensive ones.
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With a large number of issues to which one must attend in a
relatively short period of time, designers have to find efficient strategies
so tl'rat ttre decomposition strates/ does not end up making the problem
less manageable. one of these strategies has to do with the order in
rvhich the design issues are tackled, which appears to be
hierarchical'1r8 The two basic choices that immediately present
themselves to the designer are whether it is more efficient to traverse
this hierarchical tree breadth-first or depth_first. r re

In Breadth First search each issue at the top node of the pDG is
considered before any of the issues in any of the lower nodes. This
procedure is applied in a top-down fashion until a, nodes are
exhausted' In Depth First search, the first "sibung,, of each successive
sub-set is considered prior to the next node at the same level,
recursively, until a bottom-most node is reached. After which the
process is repeated with all of the remaining branches. There are
obvious advantages and disadvantages to both search strategies.

In Depth First Search, each alternative branch of the
considered in detail before the next branch is even looked
building design problems, this can leave importa't design issues out of
consideration whire some other issues get a lot of attention. ottrer
inefficiencies can also occur. where there are inrrerent dependencies
between issues, the decisions made about one issue may be viorated by
decisions made in the case of another. Looking at issues depth-first,
before other issues are tackled, can provide an understanding of the
sub-problems in considerable detail. This has tJre adva'tage of insuring
greater precision in establishing agreement between sub-solutions. In
Breadth First search, the advantages and disadvantages are reversed.
one gets an overview of issues at first but lacks the in-depth
understanding until quite late in the search process.

Designers seem to prefer a combination of these two strategies. It
appears that, in the early stages of design, experienced designers are
involved in Breadth First search, canvassing as many of the global

tree is
at. In
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A Cartesian Approach to Design Rationality

decision process is divided up into smaller parts, each part can beposed as a mini-problem. In fact simon, in his discussion of thestructure of the design process alludes to this process as the primary
remedy to the unruly nature of ill_structured problems.rzs

The whole design then begins to acquire structure by beingdecomposed into various problems of component design, and by evoking,
as the design progresses, alr kinds of requirements to be applied intesting the design of its components. During any design episode, thearchitect will invariably find himself working on a problem, which beginsin a state of il-structure, and is soon converted into a well-structured
Problem. rz+

Making these sub-problems workable, in and of themserves, andgiving them sufftcient structure takes more than just Iinding the rightdecomposition scheme. Each sub-problem must be defined rn terms ofthe domain of probable solutions, operations to be applied to theproblem states and a set of criteria to indicate the acceptability ofalternative solutions. In essence, each sub-problem must become aproblem in is own right. This process has been called problem
Structuring.tzs

Once the sub-problems are solved, these solutions suggestalternative ways of reformulating them into a comprehensive sorution.In other words' it seems to be possible to build the inherent
dependencies that exist between sub-problems into trre body of eachsub-problem so that their integration will be aided by the agreement ofmany if not all aspects that define them. There is sufficient evidencefrom all fronts of problem solving that the process of problem
structuring is a cruciar ingredient that plays an important role in theintegration of sub-solutions. I 26

Methods of Descriptive Modeling
Empirical studies of design are based on the assumption that we canderive general principles from specific examples or cases. This

6I
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A Cartesian Approach to De.sign Rationality

instrumental in developing particularly effective methods for the former
area' These include reaction time, eye-fixation, and protocor analysis
techniques' For example, Russo and Dosherr3o used ,'eye-fixation
sequences and verbal protocols to demonstrate that subjects estimate
dimensionar utility differences and combine these estimates across
dimensions"'131 verbar protocors, among these methods, appear to yield
the richest and the most direct data about the decision-making process
itself.

Let us now consider this method and its application to the study ofthe building design process in some detail.
Protocol Analysis is a term invented by Allen Newe' referring to amethod used in studying human problem solving. In its most basicform, Protocol Analysis involves the posing of a problem to be solved inthe laboratory where recordings of the probrem solving process aremade for later analysis. 132 The problem is constructed to resemble, asclosely as possible, the conditions, which are under investigation. Ifproblem-solving behavior in chess, for example, is under study,

subjects are seated before a chessboard and are asked to perform
predetermined chess tasks. usually, subjects are arso asked to speakaloud, to make drawings, or their eye-fixations are tracked in order toget at their problem solving processes more directly.

consequently, protocol studies come in various forms: such as,"Motor Protocols, " "Eye-movement protocols, " and "verbal protocols,,, 133
where each term indicates a different form of data collection andanalysis technique. The setting and the task are selected in such a waythat the subjects are involved in performing the task with minimum
distraction or sense of artificiality. The data collected at the end iscalled the "protocol" referring to the "original draft or record,,r34 of theexperiment produced through these recordings.

several objections have been raised against this method, largely onthe grounds that: "(l) subjects may not be able to report accurately ontheir own mental processes, (2) even if 
'they) 

could... the act of reporting
may distort those processes, and (3) because verbal protocors are
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A Cartesian Approach to Design Rationality

set of ingredients that are necessary for the development of a
wholesome design. To both, the problem is overwhelming in its initial
form' Yet, both apply specific and distinguishable approaches in dealing
with this difficulty.rsa Here we are interested in the behavior of the
experienced designer, who has a particular strategr, which he or she
follows in order to make the very large design problem more
manageable.

Initially, as we discussed earlier, a Breadth_First search is
conducted which is converted into a Depth_First strategr as tfie
architectural design work matures. In this context, t].e design team first
examines as broad a set of alternative views of the design problem as it
curn manage within the time that is available. This requires the
collaboration of different design professionals. For example, the options
available for spatialry organizing the functional elements of an
architectural program, and the alternative access possibilities, arone,
may provide an adequate basis for this step. If access is a determining
factor' then the designers generate several alternative solutions based
on the traffic and movement analysis. If the program is compricated,
alternatives based on the interrelationships of the functions and their
behavioral implications for the building's users would be considered.
Thus, the overall strateglz foilowed, at first, resembles the searching of
the upper-most nodes of a decision tree, where all possibilities are
identified without detailing each possibirity beyond what is needed to
clearly define them.

once the design team identifies all significant alternatives and their
spatial parameters, one or more of these are taken to the next stage and
developed in greater detail. For example, multiple structurar systems
identified as viable arternatives would be boiled down to one or two
suitable ones for the project and studied with the help of engineers.
This often involves the selection of appropriate varues for constraining
the choice of materials, spans, construction methods, and so on.

After a solution in response to such an issue is developed, designers
return to the initial set of issues and select a new one to develop into a
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Another strates/ in collective design situations, which has been
documented in literature, is the tendency of experienced designers to
introduce new problem formulations during the course of design.r6o
These studies report that experienced designers, compared to novices,
show significant differences in structuring their problems.

Using Protocol Analysis, a series of experiments were conducted
based on three different site shapes and three levels of subject
expertise. It was observed that in solving the problem designers
redefined their earlier definitions of the problem by altering the
constraints applicable to the solution being developed. There were five
distinct categories of problem redefinition or "restructuring"
documented for all subjects: (l) re-order the sequence of constraints
applied to functional elements, (2) eliminate a constraint previously
applicable to functional elements, (s) apply new constraints to
functional elements, (a) modify a set of constraints applicable to
functionar elements, and (5) apply a new design approach that changes
relationships and constraints systematically.

This result indicates that on the average, designers (architects in
this case) restructure the design problem consistently and significantly
more often than others. The data also suggests that designers
restructure the problem not only when they are stuck but also in cases
when they find solutions. This undoubtedly is a strategr that can also
assist in the innovation of design.

In fact, the tendency to reformulate problems by changing the Jrame
of reJerence of the problem has been connected to the process of design
creatiuw.r'l The sudden onset of a realization that a new frame of
reference can help yields a theretofore unrecognized solution. Also
known as the "Aha!" response, this phenomenon has been
demonstrated in different domains of innovative cognitive activity,
including puzzles, scientific discoveries, industrial design, and
architectural design.

The third aspect of the design process applicable to large design
problems is the role that human interaction plays within design
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