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SUMMARY

Given the same brief, different designers propose different designs;
this is the basis of architectural competitions and may be seen in any
design studio.

This thesis proposes a tentative theory that design alternatives are
the result of each designer's subjective structuring of the design
problem, of the way he exercises wvalue judgements and of his perception
of priorities among competing objectives. The theory also implies that
in the evaluation of alternatives, preference will be expressed for |

those designs which reflect the evaluatorts priorities.,

The theory is tested experimentally. In each of five intensive design
exercises, architectural designers prepare sketch designs., In
conjunction with the design process they perform a judgement analysis
exercise, recently devised by Thomas Saaty, intended to elicit their
subjective structuring of the problem. The sketch designs, having been
redrawn, are then evaluated by the designers. The evaluation makes
use, again, of Saaty's technique to elicit each designer's partial
judgements of the designs; an additive utility model enables these
partial judgements to be combined into an index, exXpressing overall
preferences. '

Data from the experiments enable a number of hypotheses, derived from
the theory, to be tested. These concern both the individual designer,
the effect of the design process on his judgements and the reasoning

behind his evaluations, and between designers, the levels of agreement

' between their priorities and between their evaluations.

The results of testing the hypotheses allow conclusions to be drawn
about the validity of the theory. Generally the theory was borne out
by the findings. Designers' verbally and numerically elicited values
did provide logical and coherent explanations of their design
proposals, and of their preferences in the evaluation of alternatives.
Differences between designers' proposals and preferences could be
explained by reference to differences between their elicited values.
The judgement analysis technique chosen proved to be most useful, and
chécks within the experiments provide an assessment of its reliability

in representing highly subjective judgements.



The thesis concludes by summarising the implications of these findings

for research, for teaching and for practice.



CHAPTER 1 INTRODUCTION

1.1 Objectives

This thesis is intended to be a contribution to the theory of design.
By theory is meant an exposition of the abstract principles which
underlie the activity. By design is meant the process of contriving a
man-made object. By theory of design therefore is meant an exposition
of the abstract principles which underlie the process of contriving a
man-made object.

The boundaries of design have been drawn in ever widening circles
during the last three decades of concentrated interest in the nature of
the design activity. There is a strongly held belief that the
intellectual process underlying the design activity is common to a
wide range of disciplines, including not only architects and engineers
but also planners, managers, legislators and many others (Archer, 1969,
197%; Simon, 1969; Jones, 1970). Research into this intellectual
process thus benefits from making use of the firdings of a number of

disciplines, and at the same time may contribute to their study.

In this thesis architectural design has been chosen as a focus for the
study. The reasons for this are (after Jones, 1970; Mallen & Goumain,

1973, 1976):

1 Historically there is a long tradition of architectural
theory recording amongst other things the influence of
contemporary philosophy and science on architecture
(Collins, 1961; Giedon, 1941; Wittkower, 1962; von
Simpson, 1956).

2 Architecture provides shelter for people's activities
and the backcloth to everyday life; where in the past
buildings, streets and cities grew up anonymously, and
architects provided a few landmarks of achievement,
during this century there has been a wider spread of
architectural forces in the environment. Complete new
towns have been built, with decisions as wide ranging
as from city plans to door knobs taken by designers.

3 Buildings are expensive and represent long term
investments. They continue to shape people's lives
long after they were first conceived.

b Almost all buildings are permanent prototypes. There
is rarely the opportunity to make changes in the light
of experience; the building has to be *right' first
time.



5 " The requirements for new buildings are constatly
changing; higher standards of safety and comfort are
expected, and statutory legislation increases to
reinforce safety zmequirements and to reflect national
policies.

6 Available materials change, technology changes and the
range of potential solutions is widening.

7' 4 New technologies and deeper understaﬁding of existing
ones result in a rapid growth of technical information
to be assimilated by the designer.

8 Increasing scale and complexity of building proposals
necessitate teamwork, with its inherent problems of
management and communication.

9 The move towards public participation in design
dacisions implies the need not only for design intuition
to be supported by objective and analytical means of
design, but also for designers' assumptions to be stated
explicity rather than occur implicitly.

10 Significant changes in the pattern of architectural
teaching, in particular the replacement of articles of
apprenticeship by university training, have necessitated
making explicit the process of design in order to.
transmit it.

11 The reluctance of architects to use computer based
design aids, by comparison with the enthusiasm of the
engineering professions, appears to be attributable to
the nature of the architectural design process and has
already generated much interest in it.

Although not all of the above points are exclusive to architectural

design, much of the recent literature on design methods and design

research has concentrated on architecture. The body of knowledge being
accumulated thus has the advantage of being based on a major design
discipline and at the same time has implications for other areas of
design activity. The research reported here represents an attempt to
improve and to inform the understanding of the architectural design
activity, and to contribute towards the debate about appropriate
methods and techniques for developing this understanding.

In this thesis the sketch design process of individual designers is
studied. The argument is proposed that design is a form of decision
making, aand that value theory may provide a theoretical foundation for
the study of design. .From the results of existing research a tentative
theory is proposed. This is then tested in experiments, where groups

of designers prepare sketch designs and, in conjunction with the design
process, perform a judgement analysis exercise developed by Saaty (1977).
The designs produced are evaluated by all the des{gners. From the data

-2 -



a number of hypotheses are tested about designer's values and the

evaluation of designs.

The'purpose of the research is to encourage the explicit formulation of
decision making in order to promote individual designers' self-
awareness of judgemental processes and to enable decisions to be
explained, recorded and defended. Not only is it the belief in design
research that awareness in action may lead to improvement, such a
belief ﬁas been demonstrated in a teaching situation. Abercrombie
(1960), working with a group of medical studenfs, had them compare
their judgements of, for example, X~ray plates. The varying
descriptions made some of the factors influencing the judgements
beconme apparént; for example, it encouraged the students to differ-
entiate more explicitly between observations and inferences. From the
results of a test at the end of the series of sessions, using her
group and a control group, she was able to support the hypothesis that
"we may learn to make better judgements if we can become
aware of some of the factors that influence their
formation." (Abercrombie, 1960)
This chapter goes on to describe the background to the thesis,
outlining the author's experiences which stimulated the research. A
previous dissertation (Lera, 1976) had generated a broad interest in
design methods and theories. This interest led to a programme of
reaearch being started at the Department of Design Research, Royal
College of Art. The first part of the researcﬁ programme comprised
familiarisation with the ideas culture of the Department. This,
together with involvement in the monitoring of the practical use of a
computer aided building design system by architectural design teams,
gave rise to the tentative theory for exploration and testing. The
exploration and testing of the theory forms the main body of the text.
The next section of this chaptef discusses these agpects in more

detail, and the final section explains the structure of the thesis.

1.2 Background

The approach talkken in this thesis has been influenced by three major
factors. All three have directed the choice of research undertaken.



1.2.1 Author's previous dissertation

Between 1974 and 1976 the author undertook to write a dissertation
about design theory, which was submitted in partial fulfilment of the
requirements of the degree of Bachelor of Architecture at the
University of Liverpool. Entitled The Architecture of Design, the
dissertation began by considering the reasons for the dissatisfaction
with traditional methods of design and the growth of interest in the
design process. It went on to show that thié‘growth of interest had
led in particular to proposals for introducing systematic techniques

and the principles of scientific method into design. A brief account

was given of scientific method.

The main body of the work was a critical review of the design methods
proposed in the 1960's. The inferences to emerge from the review
were that many of the contributions were potentially fruitful in
increasing knowledge of the design process, and improving design.
However their presentations in the private languages and notation of
different disciplines, and their often rigidly prescriptive nature,
were as much a hindrance as a help. Reasons for their lack of
acceptance by the architectural profession were explored, and felt to

be due to a lack of compatibility with intuitive design processes.

The dissertation concluded in the firm belief that, for the benefit of
design teaching and for the provision of design aids, it was essential
to improve the understanding of the design process. Four studies of
monitoring érchitectural design procésses were chosen, and the
dissertation ended by comparing them: Eastman (1970) and Foz (1972)
had monitored designers by direct observation, Willey & Yeomans (1974)
had analysed a sequence of sketch scheme drawings, and Krauss and Myer
(1970) reported a case history.

The differing time scales, design problems and methods of monitoring
made the comparisons difficult. A relatively superficial overview was
given by combining the findings of the four studies, but to emphasise
the nead for further empirical studies the closing statement made the
point that
"The very diversity of the nature of the studies is a
hindrance to their comparison and collation.... Only
when experimental results can be meaningfully

correlated can we attempt to comprehend the architecture
of design."



1e2.2 Department of Design Research

After spending a year in practice with Messrs. Derek Phillips Associates
and qualifying as an architect, the author began a research programme
at the Department of Design Research in 1977.

Here the early work by Archer had been at the forefront of the design
methods movement. His check-list type model, Systematic Method for
Designers (1964)

"turned out to be very helpful to quite a lot of
designers and hardly a week goes by even today without
_my receiving a request for copies" (Archer, 1979).
.Later, his The Structure of the Design Process (1969) set out a

framework intended to form the basis of a science of design, and to be

compatible with the disciplines of managenment science and operational

research. Although apparently it was

never accepted by working deSigners in quite the same
way" (Archer, 1979) .

it did emphasise the importance of values in the design process, and

introduced a formal numerical technique for evaluating alternative

designs. Subsequently Archer (1971) provided a more detailed account

of the nature of values.

More recently, in answering *Whatever became of design methodology?',
Archer has stated that
UDesign methodology is alive and well, and living under
the name of Design research" (Archer, 1979).
Despite this assertion there seem to be significant differences between
design method and design research, Method implies *orderly procedure!,
and has the same root as methodical. Generally speaking design methods
were orderly procedures prescribed for designers to follow, By contrast,
design research is conducted, as the name suggests, in the spirit of
inquiry,
It is the spirit of inquiry which characterises the more recent work in
the Department. In particular a long term study commissioned by the
Science Research Council in 1972 was undertaken by Mallen, Goumain &

Purcell. This sought
Nto develop models of architectural design processes both

as carried out by the individual designer and by the
design organisation" (Mallen, Goumain & Purcell, 1974).

-5 -



The need for such a study was due primarily to commitments to the
development of computer aided building design systems, which demanded
knowledge of, and sensitivity to, user requirements and methods of
working. These demands
"made it more than ever necessary to be explicit about
such design processes" (Mallen et al, 1974).
The development of nodels of the design activity relied both on the
case history approach using live building projects, and on observationsl
studies in laboratory experiments. At first these studies were
characterised by their concentration on observation and description;
there was little underlying theoretical background from which to
formulate hypotheses and to test them. Nevertheless the data

obtained constituted accurate reliable records of design as practised.

Subsequent progress was due to the assimilation by the project team of
current ideas and theories about human information processing in
psychology, cybernetics and artificial intelligence. From these
disciplines arose the notion that the design activity may be associated
with the development of a mod2l or internal representation which the
designer has of the design problem and its content, Increasingly
sophisticated techniques, derived from cognitive psychology, were used
to elicit these internal representations. Kelly's (1955) repertory grid
was used to elicit the subjective views of design problem structure,
and rmlti~dimensional scaling technique used to infer structure from
the repertory grid data (Mallen & Goumain, 1973; Stansall, 1973).

Two models of design activity were proposed. SIMDAC (SIMulation of
Design ACtivity) purports to describe the structure of the individual's
information processes as he designs. SHADO (Simulation of a
Hypothetical Architectural Design Organisation) describes the operation
of a design organisation in which specialists co~operate to carry out a

number of different design projects.

As a model SIMDAC was not intended to be prescriptive in the tradition
of design methods, but to be explanatory. In providing a simulation of

designer behaviocur
"The resulting computer model will be directly testable.
That is, it will produce sequences of behaviour which
will be comparable with sequences of real life design
behaviour" (Mallen & Goumain, 1973).

The model is described in detail by Mallen & Goumain (1973). Attached
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to this project, both Henrion (1974) and Cornforth  (1976) monitored
designers, using various techniques and methods of analysis, and
thereby provided comstructive criticisms of the SIMDAC model., These

experiments are referred to in chapter 2.

It can be seen that the Department has been developing a consistent
theme and set of principles in studying the design activity. The
approach has been methodical in application, so that each new study

can build on what has gone before, Furthermore, dedication to this
subject matter has resulted in a network of contacts with other design
researchers and periodic visits to appraise their findings (e.g. Mallen,
1978).

In the context of the present thesis it is significant that the
Department's interest in descriptive models of the design activity had
led Stansall, Henrion and Cornforth to consult many of the same
references as the present author had in his dissertation, in particular

studies which monitored design processes by Eastman and Foz.

1.2.3 Monitoring the use of a computer aided building desimn

systen
Ot —————

Concern for knowledge of, and sensitivity to, the design process, for
the purposes of developing computer aided building design (CABD)
systems, implies evaluating these systems to ensure fhat they reflect
this concern. CEDAR3 (Computer aided Environmental Design, Analysis
and Realisation) is a CABD system, which in its early phases had been
developed in the Department of Design Research. Iater, in 1973, it
transferred to the Department of Environment Propertiy Services Agency.
CEDAR has been the subject of two formal evaluations. The first was of an
earlier phase of the system (Thompson & Hughes, 1974). In 1978 the |
CEDAR3 system underwent pre~production trials intended to measure its
efficiency, reliability and acceptability. Thé pre-production trials
were held initially in collaboration with the Department of Design
Research. Because of the unique opportunity which they presented for
studying the (computer aided) design process the present author asked

to become involved, and subsequently did so.

The trials took two forms. Short inteasive design exercises (IDE's)
were held, in which design teams, away from their normal place of work
and with the usual office distractions and interruptions removed,
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undertook artificially constructed design projects and prepared sketch
plans within, for instance, two days, with the computer system
available to aid them. The system was also installed in DoE Project
Offices for up to three weeks at a time, and building design teams
with projects at the sketch plan stage were encouraged to use the
computer to evaluate their proposals.

Both types of trial were monitored. Two approached were used. Direct
monitoring of the process involved an observer (in most cases the
author) following the proceedings by completing monitoring forms. Om
these were recorded the major design activities, cross referenced to
duplicated copies of all computer input and output, and at the IDE!'s,
to tape and video recordings. In addition to the direct monitoring the
designers were asked to complete questionnaire surveys of their
attitudes towards the use of computers in the context of building
design, both before and after having exberience of the system. And
the designers were also asked to estimate the potential benefits of
CEDAR? in terms of their subjective probability estimates of savings
in capital and running costs resulting from the facility to analyse

rapidly alternative building configurations.

The trials were successful in providing data to enable assessments to
Be made of the efficiency, reliability and acceptability of the system.
The evaluation was reported in an internal PSA document, a conference
paper, and elsewhere (Thompsen, Lera, Beeston & Coldwell, 1978, 1979
Thompson, 1979; Lera & Thompson, 1980).

- It had bveen expected that most of the data would be taken from the
duplicated computer input and output, with the monitoring forms
providing detailed support where necessary. Such was the case for
assessing how well the system worked in terms of software errors,
operator errors, machine crashes and computing costs. However in
attempting to show the expected benefits to building designs by
studying the sequence of changing design variables (overall block
form, window areas, U-values, etc.) it was found that these variables
were only raresly amended systematically by the désigher. From a few
unmethodical analyses designers seemed to extrapolate implicitly.
Where methodical procedures were used they were reported in the case
studies menticned above. But for the most part even the detailed

monitoring carried out at the IDE's did not give a record of the full
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deliberations. It was necessary to rely on subjective probability
estimates of benefits. This remains true not only of non-quantifiable
benefits like improved daylighting of interiors, but even of thoroughly

gquantifiable benefits such as savings in capital and running costs.

In addition to the findings about the CEDAR3 system, involvement in the
monitoring of design teams provided an excellent opportunity for
gaining insight into some of the problems faced by research into the
design activity. In particular the findings served to stress the need
to elicit subjective data from the designers in a more precise way
than passive observation can provide. They emphasised that some kind
of judgment analysis technigue was necessary to allow definite

conclusions about benefits to be drawn.

1.3 Structure of the Thesis and Numbering System

This introduction has attempted to summarise the author's cumulative
experiences of design method and design research which have led to the
present study. It has sought to show that there are many sound

reasons for studying architeckural design.

Many of these reasons themselves contributed to the development of
design methods and computer aids. However such aids have not been
taken up by architects to any degree. This is believed to be due to
lack of compatibility with the intuitive design procéss, and has
stimulated research into the design activity. Such research is
leading to developments of descriptive models of the design activity.
The techniques being used to study the design activity include
analysing sketch drawings, passive observation of the designer at
work, asking the designer to 'think aloud! as he designs stream=~of-
consciousness style, through to interviewing him, asking him to

complete questionnaires or to perform psychological measurement tests.

The thesis goes on to propose a contribution to the development of

these models. Chapter 2 puts forward a tentative theory that the design
activity may usefully be upderstood as one of exercising judgement,

and that the resolution of inherent conflicts during the design process
can be made only by recourse to value judgements, to deciding

priorities among competing objectives.

Chapter 3 describes the programme of five experiments designed to test



the tentative theory proposed.

Chapter 4 describes the experimental techniques used to elicit and to

analyse designers! judgemental processes in the experimental programme.

Chapters 5, 6, 7, 8 and 9 each report an experiment: the hypotheses
which the theory leads to, the methods used to test the hypotheses, the
results found and the conclusions which may be drawn from the results,

are given in each case.

Chapter 10 summarises the findings of the thesis. The tentative
theory is discussed and the implications of the findings for research,

teaching and practice are considered.
The numbering system in the thesis is intended to work as follows:

Subsections of the thesis are referred to in the text by underlining:
this is subsection 1.3. '

The data from each experiment are shown in numbered tables and figures.
These are numbered according to the chapter to which they refer,

e.g. table 7.5 is the fifth table of chapter 7. The figures and tables
appear at the end of the chapter to which they refer. Statistical
analyses of the data appear within the body of the text; in some cases

these analyses appear in tabular form.

Appendices are also numbered according to the chapter to which they
refer, but they appear at the end of the thesis; thus appendix 6.1,
for example, relates to chapter 6.

Those who took part in the experiments are referred to as subjects.
The subjects are numbered éccording to the number of the experiment in
which they took part, not according to the chapter in which the
experiment is described. The subjects' numbers are prefixed by the
letter S. The subjects in Experiment Three, for example, are S3.1,
53.2, 83.3, S3.4, 83.5 and $3.6, and this experiment is written up in
chapter 7. The sketch plans produced in Experiments Two, Three, Four
and Five are labelled by capital letters (in Experiment One the sketch
plans had been drawn up previously). The alphabetical ordering of the
letters corresponds with the numbering of the subjects; for example,
S3.1 produced plan A, S3.2 produced plan B, and so on.
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CHAPTER 2 DESIGNERS' VALUES AND THE EVALUATION OF DESIGNS

2.1 Introduction

A number of simplifying models to represent the complexity of the
design process have been proposed during the last three decades of
interest in the design activity. These models have been concerned
with a range of issues pertinent to design; the organisation and.
management of a design project (RIBA, 1967), the morphology of design
problems (Norris, 1963), the widening of the solution space through
stimlation of the designer (Osborn, 1957), the setting of a series of
stages for the designer to follow (Thornley, 1963), the problem solving
processes of the designer (Eastman, 1970), the appraisal of designs
(Markus, 1969), and the setting up of a framework for a science of
design (Archer, 1969). Many models fall into several of these

categories.

Several reviewers have provided ways of classifying these models.
Jones (1970) presents a textbook classifying models according to their
purpose and presenting them as practical problem solving tools.

Lera (1976) divides them broadly into design-process based and design~
product based models. Henrion (1974) separates descriptive from
prescriptive models; normative models prescribe how design should be
conducted, an approach typified by design methods; descriptive models
purport to show how design is conducted, and are more typical of
design research. A third approach is the chronological one; Broadbent
(1977) describes three generations of design methods, each of which
differs in its emphasis on who is to be responsible for design
conjectures and who is to make the final decisions about the wvalue of
those conjectures. Gasparski-(19792a) presents a tentative overview of
the last three decades of design research, reviewing both theoretical
work and empirical studies. Gregory (1979b) tabulates and classifies
thirty observation-based studies of designing and asserts that they
constitute the prime material upon which development of knowledge
about designing can be founded.

The present thesis is a study of the sketch design process of
individual desigrners. The argument put forward is that design may
usefully be understood as a form of decision meking, This chapter
goes on to develop this argument. A typical design problem is



introduced and analysed in terms of its dominant attributes and their
relative values. Criticisms of the role of value judgements and of

the conscious deliberation of relative values are themselves criticised.
Existing descriptions of the design activity are cited, together with
the analysis of the design problem exemplar, to demonstrate that value
theory may provide a theoretical foundation for understanding design.
The chapter concludes by presenting a tentative theory for exploration

and testing.

2.2 A Typical Design Problem

Consider a typical example of the kind of design problem solved almost
daily by most architects: the design of a domestic window (1). The
design problem may be represented by a set of attributes (Reitman,
1964). Attributes are those qualities which it is hoped will be
attributed to the final design., Attributes in design problems are

conmonly stated in the form of imperatives (Simon, 1969).
The attributes might typically ‘2) be for the window that

it should provide a good view to the outside,

it should allow sufficient daylight in the room,

it should allow adequate ventilation, ‘

it should have a pleasing visual appearance,

it should not result in excessive heat gain or heat loss,
it should not exceed a certain cost.

(1) For the purposes of illustration the presupposition has been made
that the solution will be a window rather than, say, the provision of
artificial light and mechanical veatilation, which would satisfy at

least some of the attributes. The choice of example is supported
however by the point that architects are frequently given design
problems in this form, e.g. they are asked to design a school rather

than to provide a means of education, a house rather than an organisation
for coping with domestic activities. Of course they are still at liberty
to question whether a window (school, ete.) is the best answer and to
propose a solution which satisfies the attributes even though it might

not be termed a window (school, etc.).

(2) A complete list of attributes for a design problem would be unusual.
Certain attributes are commonly taken for granted. For example, the
attribute 'the window must prevent the ingress of rain' is a quality
which all windows ought to have, Therefore attributes in the sense used
in the text refer to possibilities rather than absolute necessities.
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In designing the window the designer specifies the decision variables,
which might typically be
A size,

proportion,

material of frame,

type of glazing.
Faced with this type of problem the designer knows that there are
numerous alternatives each of which will result in different levels of
fulfilment of the attributes. For example,

a large window will give a good view, and good daylight,

but it may be out of keeping with the room interior and

the exterior; it may cause excessive heat gain and heat

loss. Double glazing will reduce heat loss but will add

to the capital cost. The large size may necessitate a
costly material for the frame.

or

a smaller window may be cheaper in capital cost, be more
compatible visually both inside and out and not cause
excessive heat loss and heat gain. But it may restrict
the view, give little daylight in the room, and allow
insufficiant ventilation.
In designing the window the architect, whether explicitly or not, is
making a value judgement about the relative importance of the attributes.
Through his choice he is ascribing different weights to the attributes
according to the degree to which he values them. He may, for example,
choose a window in which all the attributes are represented approximately
equally, or he may value a splendid view and, taking that as the major

attribute, ascribe only low weights to the others.

The design process inexorably entails the désigner making decisions,
either alone or through collaboration with his client and/or consultants,
either explicitly or more likely implicitly, about the attributes he
believes to be important and their relative weights, As Canter (1977b)
has said 4

"The architect has to juggle the priorities',

The designer explores the problem and proposes solutions intended to
satisfy the priorities he has decided. During the process of exploration
unforeseen critical interdependencies may become apparent as the designer
learns more about the problem. Thus during the evaluation phases of

the design process the designer may or may not find that his proposals
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reflect his priorities. If they do he may move on to another part of
the problem. If they do not he may feel that his proposal nevertheless
represents a good solution and adjust in his mind the original
weightings to correspond with what he has proposed. What the designer
wants depends upon what he finds he can have. This process has been
described by Frishmuth & Allen (1969) and has been termed 'solution by

negotiation' in contrast to 'solution by innovation! by Archer (1969).

There is no such thing as a right answer to this kind of problem.
There are many answers and they demonstrate each of the attributes in
varying degrees. What is recognised as a good answer is dependent
upon value judgements. In evaluafing alternative proposals preference

will be shown towards those which most closely reflect the priorities
of the evaluator. '

2.3 Critics of Value Judgements in Design

The importance of values and evaluation in the design process seems

self~evident. Surprisingly there is a school of thought which has
sought to deny this:

"We believe that it is possible to define design in such a
way that the rightness or wrongness of a building is clearly a
question of fact, not a question of value" (Alexander %

- Poyner, 1970).
In developing a pattern language for design Alexander decided to regard
all human tendencies as worthy of fulfilment and conflicts as the
occurrence of tendencies coming into opposition as a result of
inadequate forms. FPatternswould allow tendencies to coexist without
conflict. In A Progress Report on the Pattern Ianguage Duffy & Torrey
(1970) reaffirm the relationship of patterns to values

"any approach based on the idea of the compromise of
values or trade~offs is antithetical to the pattern
language which attempts in each situation to achieve

the best of all possible worlds by resolving all
conflicts."

Daley detected serious philosophical inconsistencies in Alexander's
beliefs and suggested that, although he claimed to be observing
conflicts which were brought on by inadequate forms, more often

""he seems to be defining conflict in terms of his own

preconceived ideas about what constitutes bad form'
(Daley, 1969).
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She also noted that the question of observing tendencies in the
environment could not be objective; tendencies might be undesirable,

and conflict among tendencies might coexist within the same person.

Thus Alexander

"would have to decide which of the tendencies was worthy
of fulfilment or facilitation in by the environment, and
that sort of decision, which would surely crop up
repeatedly in any realistic assessment of human
conditions, requires an appeal to values beyond
Alexander's simplistic fiat that the sole criterion
of 'rightness' in environment is the fulfilling of
human tendencies" (Daley, 1969).

More recently March has made a detailed examination of some of the

unwritten assumptions and inaccuracies in Alexander's derivation of
patterns.

First March shows that statements about conflicting tendencies

"are about values. Each can be rewritten 'X prefers ...!
and is therefore a statement about preferences. It is
always possible to give such preferences a partial
ordering and the design task can then no longer avoid
the problem of evaluation' (March, 1976b).

Second he shows that whereas Alexander puts forward one solution
(pattern), justified by an ostensibly scientific explanation, on a take
it or leave it basis, that this is an example of *false precision' and

that a more rational attitude leads to the selection of

"a solution from a range of possibilities and attempts
to assess its relative value" (March, 1976b).

Through his examination of the logic of design and the question of

value March is unequivocal that

"value theory is the essential foundation of any rational
theory of design" (March, 1976b).

2.4 Critics of Weighting in Desien

That attributes are wéighted differently wmay seem to be self-

evident, but there are those who have criticised ranking and weighting
procedures. Jones (1970) characterises attempts at weighting as
absurd, and according to Grant (197%), Alexander & Manheim (1962) also

argue that consciously deliberated weights are not wvalid.

In support of his case Jones notes that in order for numerical weights



to be assigned the data must be measurable on an interval or ratio
scale., He also describes the problem of intransitive relationships
in the process of ranking and the requirement that the attributes have
to be independent for weighting procedures to be theoretically wvalid.

Grant however makes the point that

"people must and do make decisions in multi-criterion
situations, and act on them, whether or not the decision
situation is theoretically well behaved and whether or
not various criteria can be demonstrated to be factually
independent" (Grant, 1974).

Grant has described three options which those who do not believe in
the validity of weighting procedures may follow in order to make

essential judgements,

1 Find the one most important attribute and decide on the
basis of that attribute alone., This is of course a form
of wpighting albeit rather simplistic. The main
implication of this method is that it involves hoping
that all other attributes are satisfied at least to an
acceptable degree. In any event, as he notes, this nmay
be regarded as a form of weighting in which all
attributes bar the main one are zero rated. Grant
concludes that this approach is an inadequate response
to a complex problen.

2 Attempt to construct compelling graphic layouts from
the partial judgements. Grant (1974) describes two
attempts to employ map overlay techniques of decision
criteria for highway locations. Each shaded overlay
represents a decisioncriterion, and thus when all are
overlald the resulting shading indicates the optimum
route, The technique has apparently been used by
Alexander & Manheim (1962) and by McHarg (1969).
According to Grant, McHarg simply combined the maps and
thus built in an implicit equal weighting to each
criterion. Grant asserts that Alexander & Manheim
however did not merely overlay all the maps representing
the decision ¢riteria,

"they combined similarly patterned maps into one
representative composite for each set of similar
patterns, By so doing they assigned accidental
weights of importance to each map or decision
criterion and the accidentally assigned weights
varied widely in magnitude" (Grant, 1974).

Grant goes on to quote an example in which he claims
one map was weighted 62.5 times as heavily as another
by graphic accident and without intelligent deliberation,

3 Consider all criteria carefully, then sit back and let
the matter incubate and an implicit intuitively derived
decision may emerge. GCrant asserts that even here

"It can be argued that the process of deliberating
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and aggregating weighted partial judgements is in
fact a model of the process that one's mind must go
through in arriving at an intuitive implicit gestalt
decision, as a result of considering multiple
criteria and then allowing an ensuing period of
incubation" (Grant, 1974).
Just as Daley and March showed that critics of the notion of values and
value judgements merely made the value judgements implicitly and then
disguised them under the claim of factual objectivity, so Grant has
shown that critics of weighting procedures in proposing alternatives
have been known to make weighting decisions by default or 1mp1101t1y

without explicit recognition or deliberation.

25 Designers! Judgement

"Le raisonnement, la critique, viendront & leur tour
pour contrdler votre conception, car aprés avoir
imaginé il faut que vous sachiez é&tre les propres
juges de votre imagination" (Guadet, quoted by
Collins, 1971) (1).

"In the design process judgement constitutes one of the
integral creative components, in that it is the
mechanism by which the relationship between intuitively
imagined forms and intellectually apprehended data is
continually assessed. For reasons stated earlier this
aspect of judgement can be most conveniently considered
in terms of 'decision making' because although, in
theory, it would be possible for an architect to complete
several different projects for any one building, and
then 'judge! which is the best, in practice the process
of selection can usually be eifected most efficiently at
enbryonic stages in the course of the design, whereby
only one final project is produced" (Collins, 1971).

Judgement, 'deciding the merits of', and evaluation, 'determining the
value of', have, with the exceptions noted above in 2.3, been widely
accepted in prescriptive and descriptive models of design. For example,

a nunber of design methods were based on the three phase cyclical

process: analysis =~ syathesis -~ evaluation,

(1) "Reasoning and criticism come in turn to control your ideas,
because having used your imagination it is necessary to know how to
exercise proper judgement of it" (author's translation).
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'"One of the simplest and most conmon observationsabout
designing and one upon which many writers agree,. is
that it includes the three essential stages of analysis,
synthesis and evaluation.... Most design theorists
agree that it is usual to cycle many times through this
sequence" (Jones, 1970).

More recently Hillier, Musgrove & O'Sullivan (1972) have proposed a
new paradigm for design. They argue that

'design problems are essentially pre-structured both by
constraints and by the designer's own cognitive map....

Design proceeds by conjecture=-analysis rather than by
analysis-synthesis,"

Iater they write of conjectures

"By and large they come from the pre-existing cognitive
capability - knowledge of the instrumental sets,
solution types and informal codes, and occasionally
from right outside - an analogy perhaps, or a metaphor,
or simply what is called inspiration."

And of analysis they write
""the purpose of analysis is primarily to test conjectures.™

It is suggested that analysis is perhaps not the best term in this
instance; 'testing conjectures' implies 'deciding the merits of! or
'determining the value of'. If this suggestion is accepted then the
account by Hillier et al would be in close agreement with those quoted
from Guadet and Collins at the beginning of this section. Design may
be resolved broadly into imaginative and evaluative forces, Again

therefore evaluation plays an essential role in design.

In descriptive models derived from observations of designers there is
both general recognition and detailed description of the role played by

evaluation,

Lawson's (1972) results are strongly supportive of the conjecture-
evaluation paradigm in design. He studied strategies used in two
dimensional spatial layout problem solving by architectural students
and science based (non-architectural) students. In comparing their
strategies he found that whereas the science based students tended to
search for underlying rules (analysis) and then propose a solution
which satisfied those rules (synthesis), the designers proceeded by
trying alternative configurations (conjecture) and testing whether
they complied with the rules (evaluation). He described the former
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strategy as problem~focussed, the latter as solution-focussed.

From his monitoring of designers planning a bathroom layout Eastman
(1970) drew a similar conclusion about generative and evaluative
forces in design.
MInstead of generating abstract relationships and

attributes, then deriving the appropriate object to be

considered, the S's (subjects) always generated a

design element and then determined its qualities."
Foz (1972) monitored four subjects of varying degrees of design
training during a two-hour architectural sketch design problem, EHis
findings support the same contention. He argues that the design
activity proceeds as ad hoc responszes to perceived misfits between a
‘pre-solution model' evoked from memory and the program (design)
requirements. Both Eastman and Foz applied an information processing
theory of cognition to help to provide explanations of their
observation~based studies in terms of cognitive processes in design.

As Gasparski (19792) has noted, in addition to observation~based
studies of designers a new and promising trend in design research
is the effort to identify the internal representations used by
designers. This approach has been proposed in the study of the design
process at the Department of Design Research, as noted in chapter 1.
Mallen & Goumain {1973) citing psychologists Piaget and Bruner and
other research in Artificial Intelligence and Heuristic Programming,
posit the hypothesis that
"just as the child develops and uses internal representations
of increasing sophistication to gain control. over his
environment, and as the master chess player uses a
powerful representation to avoid exhaustive search in
chess, then so does the designer develop and use internal
representations of design problems to organise and
control his progress through the design task."
They argue further that the internal representation is a dynamic plan
of action for dealing with the problem. The SIMDAC model they propose
(see 1.2.2) is intended '
"to simulate the operation of internal representation
processes" (Mallen & Goumain, 1973).
The fundamental mechanism of the model is the cybernetic feedback loop
described by Miller, Galanter & Pribram (1960) as a Test - QOperate -
Test - Exit, or TOTE, unit.
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In collaboration with the study by Mallen & Goumain three research
workers explored further the implications of the hypotheses proposed.
Stansall (1973) used Kelly's repertory grid technique to elicit the
form of designers! ipternal representations. Henrion (1974) observed
designers in order to describe the nature of their plan of action in
solving a design problem. Cornforth (1976) combined these two
approaches, using repertory grid technique and multi-dimensional
scaling (MDS) analysis of the data to elicit designers® internal
representations, and observing designers solving a sketch design

. problem. He then attempted to compare the internal representation

revealed by the MDS analysis with the plan of action, as observéd in
the designer's strategy.

Stansall in using cluster analysis of the repertory grid data found
that experienced architectural students revealed a greater number of

separate clusters of constructs than did inexperienced architectural
students.

Henrion (1974) monitored four subjects, two designers and two non=-
designers, arranging furniture in an office layout. His study of
verbal protocols obtained from the designers dealt primarily with the

way constraints operated. He studied how conflicting constraints were

identified, before or during the process, and how they were resolved,
partially resolved through compromise or not resolved but accepted. He

presented some of his findings in the form of a graph of constraints
identified and satisfied

"intended to be a simple model of the subject's changing
evaluation of the arrangements he generates in terms of
the number of constraints it satisfies.”

He characterised the design process as a series of modifications to the
initial layout during which successive layouts satisfied increasing
numbers of constraints. He concludes by stating that
"the design process was better modelled as a continuing
attempt to increase the number of satisfied constraints,
although it is clear that no solution exists which can
satisfy them all" (Henrion, 197%).
Cornforth (1976) set up an experiment in which designers were monitored
tthinking aloud' while undertaking a sketch design scheme, and in
conjunction with the design process completed a repertory grid. Thus a
verbal protocol could be transcribed and the results compared with a
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multi-dimensional scaling analysis of the repertory grid data. He
characterised the sketch design activity as a combination of a
specification process and a search process., He offered evidence to
support the hypothesis that search takes place in a hierarchy of
problem spaces, and that the trend in the design process is to work
from general simplified representations to more specific detailed
representations. This is clearly apparent from the verbal protocol
which Cornforth provides in the appendix. Right at the beginning of
the design process the designer takes an overview of the problem and
proposes an outline solution, which is then successively modified as
new constraints are identified. He noted that constraints were
identified in two ways: from memory and through perception of a misfit
in a configuration. However the comparison between the plan of action
and the internal representation proved to be of limited value:

"No structure could be found in the (MDS) configurations
which corresponded to the detailed behaviour of the
subjects."

Nevertheless considerable insight was gained into the design activity,
and a number of observations made about the SIMDAC model, The
experimental findings were in general agreement about SIMDAC, though a
number of modifications were suggested. Cornforth, like Henrion, was
unable to detect the relative importance of the constraints he

identified in the protocols.

Elsewhere Baer (1976) and Akin (1978a, 1978b) have also conducted
research into the design process within the framework of an information
processing theory of cognition. Akin's study of the architectural
design process was conducted in order to propose a descriptive model of
the design behaviour of architects. He provided evidence from protocol
analyses of designer behaviour to support the existence of eleven
different information processing mechanisms in design, and explored
three of them, 'design plans', 'transformation rules' and 'design
symbols!'! in some detail, Among his many conclusions about design
strategies and information processing mechanisms, are several findings
about designers® judgemental processes., On conflict resolution in

design he notes
"conflicts are resolved either by remodifying the
physical description or by modifying the problem
criteria" (Akin, 1978a).

He also provides evidence to support the conjecture~evaluation paradigm



"Often a few cues in the environment are sufficient to
evoke a pre-compiled solution in the mind of the
designer'" (Akin, 1978b). '

Another important study of the designer's internal representation or
conceptualisation of a design problem is reported by Aish (197%). He
used connectivity analysis in the design and evaluation of a control
console layout. He took one attribute only, adjacency or interaction
- of elements, and compared, using connectivity analysis, the degree of
complexity of interaction of elements specified by the client,
achieved by a clustering algorithm, achieved by the designer's
conceptualisation (as elicited in a word association test), and achieved
in the designer's proposed console layout., One of the more important
findings was that the designer's conceptualisation achieved measurably
less richness of interaction among elements than specified by the
client, and that the designer's solution achieved measurably less

richness of interaction than the designer's conceptualisation.

In addition to the use of psychological measurement techniques used to
elicit designers conceptualisations of problems, and the observation of
designer behaviour to study information processing mechanisms in the
design process, researchers have shown the benefits of interviewing
designers about their own design processes, or of listening to and
interpreting their accounts of their own design processes. Although
such techniques imply subjective interpretations of the data by the
researcher, the two following accounts both indicate the relative
importance of constraints, an aspect of the design process which few of

the previous accounts cited had been able to express.

Darke interviewed a humber of architects about their

design process. She was able to provide strong support for the
conjecture-analysis (or conjecture-evaluation) model of design.
Furthermore she found a clear indication of architects' priorities

from the interviews.

""Tt has been suggested in this paper that designers do
not start with a full and explicit list of factors to
be considered, with performance limits predetermined
where possible, Rather they have to fiad a way of
reducing the variety of potential solutions to the as
yet imperfectly understood problem, to a class of
solutions that is cognitively manageable. To do this
they fix on a particular objective or small group of
objectives, usually strongly valued and self-~-imposed,
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for reasons that rest on their subjective judgement
rather than being reached by a process of logic. These
major aims, called here primary generators, then give
rise to a proposed solution or conjecture, which makes
it possible to clarify the detailed requirements as the
conjecture is tested to see how far they can be met"

(Darke, 1979).
Vhere Darke reports on the designer's major aims as a small set of
objectives, Grant suggests that the designer extablishes priorities
among his objectives in a way analogous to weighting and ranking
He reports listening to a talk by an architect in which

procedures.

"he described in his own approach a process in which the
various opportunities and constraints of the site and of
the client's needs and desires were weighed and ranked
just as effectively as is done in the systematic
procedures familiar now, His personal design process
was one in which carefully thought out personal decisions
were effectively integrated into overall judgements that
led to a most worthwhile house" (Grant, 1974).

There is one other approach to understanding the design process which,

although it does not seem to have been made . the subject of research

in architectural design, has been used with interesting results to

study computer programmers. Weinberg (1972) ran controlled experiments

with computer programmers to find out how the specifying of different
objectives or attributes would influence both the process and the
product. Four programmers were given identical programming problems to
solve, but two were asked for the program in as short a time as
possible, the other pair that it should be as efficient in machine time
as possible. The experiment was repeated with four other programmers.
He found striking differences in the resulting programs, directly
attributable to the different conceptions of the objectives; objectives
not stressed were sacrificed to those stated explicitly. He found that
the design processes varied too; different objectives caused different
strategies to be followed by the programmers, particularly in their
reaction to unanticipated difficulties. One of Weinberg's findings
about computer programmers from his experiments is especially important
in the context of the present thesis, for one of his conclusions was to
suggest that a large proportion of the variation between programmers on
any job can be attributed to a different conception of what is to be
done; that is, programmers® differing values account in large part for

the variations in their achievements.
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To draw to a close this summary of accounts of designers' judgemental
processes, mention should be made of some experiménts which have been
performed in the evaluation of designs. A large number of studies have
been conducted under the heading 'architectural psychology' which
attempt to establish user attitudes to buildings, and also to correlate
the measurable performance of buildings with users! verbal responses.

A number of techniques have been used in this research including
Osgood's semantic differential (Canter, 1969a; Canter & Wools, 1970;
Wools, 1963) and Kelly's repertory grid (Honikman, 1973). This
research generally has not been conducted to study the design process,
although Abel's (1975) $Architrainer! was an attempt to teach students
of architecture about their clientt's constructs using Kelly's

repertory grid, However there are three studies in the evaluation}of

designs which are of direét relevance to the present study.

Lowe (1970, 1972) obtained evaluations of seven redrawn student
architectural design drawings. The evaluators were lecturers in
schools of architecture. The designs were evaluated with respect to
two criteria, 'functional planning' and teffective use of daylight and
sunlight's Evaluations were made individually with respect to the
first criterion, then after a discussion between a group of three
assessors (to simulate a school of architecture jury) individually with
respect to the second criterion. The method of ordinal paired
comparisons was used for the evaluations so that inconsistencies could
be measured. Lowe found that most assessors were able to maintain a
consistent criterion of preference through the assessment session. In
assessing the levels of agreemént betieen the judgements he found that there
was significant concordance between the judgements with respect to each

of the two criteria,

Cakin (1976) presented groups of people with five alternative design
solutions for holiday chalets and asked them to put the designs in rank
order of merit., The experimental subjects belonged to two categories:
students of architecture and non-architects. The presentation of the
schemes took two forms: crude information (plans and elevations) and
sophisticated information (plans, elevations and performance profiles).
Cakin measured the concordance reached by the groups, He found that

1 Groups of non-architects, given either crude or
sophisticated information, exhibited significant
concordance.
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2 Groups of architectural students, given sophisticated
information, exhibited significant concordance.

3 Groups of architectural students, given crude
information, did not exhibit significant concordance.

Among his conclusions he suggests that

"One explanation for the differences found between the
agreement levels and preferences of judges could be
that each individual has a mental profile consisting of
cost, performance and other attributes, each attribute
having a different degree of importance. If the
attributes he is presented with are the ones he thinks
important then his judgement will largely be influenced
by the profile rather than hy the drawings" (Cakin,

Later he writes

"non~-architects gave more consideration to the cost and
performance measures of the schemes than the architects
dids Architects seem to base their judgements on
design drawings only" (Cakin, 1976).

These comments would certainly help to explain his results; the non=
architects comparing primarily the given performance profiles would
have an objective basis, the profile shapes, on which to make
comparisons; the architects, not relying on the profile shapes and
differing in the attributes to which they attach value, would

therefore differ in their preferences.

Huber, Sahney & Ford (1959) obtained evaluations of twelve hypothetical
hospital wards from thirteen senior hospital staff members. The wards
were described in terms of seven quantitative factors., Each subject
marked each of the wards on a 1 - 100 scale. Huber et al tried to fit
the data to three forms of utility model and found that
"arguments supporting the use of addilog or
multiplicative model forms were not particularly
relevant in this experimental situation."
They concluded thaf a subjective evaluation model of the linear type
was as useful as the other two to represent judgements in such a case.
A model of this type has been used in this thesis to represent '
judgements, as will be described in section 5;&. It is referred to in
this thesis as an additive utility model; this is the generic term for

such utility models,

The evidence so far cited in this chapter shows that even in the design
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of a modest window a decision implieé a value judgement about the
relative importance of attributes. Although some authors have
criticised the conscious deliberation of value judgements, these

views are shown to be invalid. Several authors are cited who
emphasise the role of judgement and of evaluation in the design
process, and a number of studies of designers provide empirical
support for this contention; indeed Hillier, Musgrove & O'Sullivan
create‘é kind of paradigm for design around the twin forces of
conjecture and evaluation., Other authors have stressed that decisions
are made with respect to a simplified representation, or have shown
that the internal representation does not cope with the full complexity
of the problem, One author has argued that designers fix on a small
group of strongly valued objectives to generate their conjectures, and
another that the designer establishes priorities among his objectives
analogous to weighting and ranking procedures. This large body of
evidence is strongly indicative of the need to refer to values in
explanations of the design process. If value judgements play an
essential role in the design process, then value theory may provide a

basis for understanding decision making in design.

2.6 Value Theory

The link between values and their expression in decision making is well

argued in value theory. Rescher, for example, in his Introduction to

Value Theory describes values as being manifested through decision

making, in words and in deeds, and he notes the difficulty of defining
value other than by reference to these manifestations. But by
observing actions and words, values may be inferred, Having a value is
different from having a goal but the two are linked in that one's goals
are reflections of one's values, he argues; the fundamental role of a
person's values is to determine the evaluation of his actions and
thereby to support practical reasoning. Practical reasoning encompasses
rational deliberation in the assessment of alternative courses of
action; the comparative assessment of alternatives in the search for
the optimal choice among competing mutually incompatible courses of
action can be made only by recourse to value judgements, He argues
further that in the logic of practical reasoning, values are an
essential component and provide criteria for choosing among courses of

action that are mutually exclusive in the context of finite resources.
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Tribus (1969) and Ozbekhan (1972) have given similar accounts to that
by Rescher explaining actions, decisions and outcomes, and their
relationship to value judgements. For example, Ozbekhan writes

(i) In order for man to act (rationally), a near or
distant outcome must be visualised; (ii) such an
outcome must be desirable; (iii) the desirability of
an outcome can be judged in terms of its value, and the
action leading to this outcome justified in terms of
such value; (iv) if the actor has to choose among
several outcomes, his preference for one particular
outcome must also be justified with respect to its value;
(v) choice among outcomes enters into the action
equation only when there are alternative valued outcomes
available; (vi) the spectrum of alternative valued
outcomes corresponds to the spectrum of options
available" (Ozbekhan, 1972). ~ 1

The organisation of a person's values constitutes a value systen
(Bross, 1953; Rescher, 1969; Rokeach, 1973). Rokeach (1973) describes
the function of a value system as a general plan employed to resolve
conflict and to make decisions. He writes
"Since a éiven situation will typically activate several .
values within a person's value system rather than just a
single one it is unlikely that he will be able to behave
in a manner that is equally compatible with all of them....
A value system is a learned organisation of principles
and rules to help one choose between alternatives,
resolve conflicts and make decisions."
This notion of a fgeneral plan' employed to make decisions is
reminiscent of the 'internal representation' posited by Mallen &
Goumain, as described above in 2.5. TFurthermore both seem to equate
with the views of March & Simon (1958) about decision making.
"Choice is always exercised with respect to a limited,
approximate, simplified 'model' of the real situation.”
Value theory, in addition to being a descriptive endeavour in
philosophy and social science (Rokeach, 1973; Laszlo & Wilbur, 1973;
Vickers, 1968), has also been developed as a formal numerically based
theory of decision making. ~The seminal work in this area was Theé Theory
of Games and Economic Behaviour by Von Neumam & Morgenstern (19%7). In
it they set out the conditions for a theory of value. Subsequently

Luce & Raiffa (1957) gave a more general account of value theory and

reformulated the set of axioms of rational behaviour.

From the theoretical issues which have been explored, a number of
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techniques for decision making have been gathered together under the
headings of decision theory and decision analysis. Behavioural
decision theory is the study of the way decisions are made; Edwards
(1967b and 1967c) reviews the extensive research that has been
conducted under this heading. The methods of decision analysis are
derived from behavioural decision theory, but are intended to prescfibe~
systematic frameworks within which decisions may be made. Keeney &
Raiffa (1976) give an extensive account of formal techniques for making
decisions with multiple objectives. Kaufman & Thomas (1977) provide a
collection of papers illustrating applications of these procedures in

planning and management decision making.

The formal study of decision making using techniques and theories
developed in decision theory has not found application in architectural
design. An exception is the work of DerbyshireA(19?6) who reports a
study of indifferenge curves to represent the trade~-offs made by
architects and consultants between capital costs and running costs.
However the view of design established in this chapter indicates that
more than two attributes may be taken into account, and furthermore
that these attributes will be of both a qualitative and a quantitative
nature. An alternative technique, multi-attribute utility analysis,
seems more apposite to the view of architectural design established
here. Grant (1976, 1978) and Wise (1978) have recently discussed the
theory and potential of multi-attribute utility analysis in design,
though neither presents empirical evidence or eiamples of its having

been used to explore designers' judgement.

Multi-attribute utility amalysis entails the following points:

1 There is a set of alternative outcomes.

2 There is a set of attributes.

3 The outcomes demonstrate different degrees of fulfilment
_ of the attributes.

L The decision maker has a preference ordering among the

attributes; he can assess the relative weights attached
to the attributes.

5 The decision maker can assess the probability that any
given alternative will fulfil an attribute.

6 The decision maker selects the alternative which
maximises his utility function, that is, which in his
subjective judgement fulfils those attributes which he
most values.
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It may be seen that this description corresponds to some accounts of
design given in 2.5 and in particular it corresponds closely to the

example of a typical design problem given in 2.2

1 The set of altermatives are represented by the possible
window designs.
2 The various window designs result in different costs,

lighting levels in the room, heat losses, and so on.

3 The designer has a preference ordering among these
attributes; he may value the view above all else or he
may consider each of the attributes mentioned to be of
broadly equal importance, for example.

4 | In designing the window he bases his choice on achieving
or fulfilling those attributes in proportion to the
degree to which he values them.

Thus multi-attribute utility analysis may explain design decision

making and may provide a suitable approach for studying design.

According to this approach the designer may be considered to decompose

the problem into the design variables and the attributes manifested by

these variables. He assesses the subjective value or utilities of the
attributes. He also assesses his expectation of the degree to which
the choice of an alternative will fulfil a certain attribute. A ‘
folding back operation using the utilities and subjective probabilities
of outcomes gives the subjegtive expected utility of each outcome.

This subjective expective utility is the summation of the probabilities

of alternative outcomes combined with the values attached to those

outcomes, The designer's choice maximises his expected utility. The
technique of fprioritization' developed by Saaty (1977, 1973) provides
both a means of eliciting this subjective structuring of problems in

design, and a means of evaluating alternative designs; as described in

chapter 4.

2.7 A Tentative Theory

This chapter has sought to show that judgement is an essential component
in the design process. In assessing the reasoning behind judgement in
the design process it has been shown that such judgements may be
accounted for by recourse to values. Value theory provides a basis

for understanding decision making during the design process, Multi-

attribute utility analysis provides a framework for studying design.

Using the framework of multi-attribute utility analysis together with
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descriptive accounts of design, & tentative theory may be proposed:

1 Designers may initially rely on a small set of strongly
valued attributes to generate their design conjectures.

2 The attributes designers value may be understocd as
being weighed and ranked; design decisions imply such
preference orderings.

3 The weighting and ranking of attributes may change as
the designer finds he needs to negotiate a solution.
The internal consistency with which attributes are
weighted may improve as a result of the design process.

b Designers may differ in the attributes they value, and
in their evaluations of the same attributes.

5 The differences between designers' value systems will
account for the differences between their design
proposals.,

6 The differences between designers' value systems will

also account for their differing evaluations of
alternative design proposals; they will favour plans
vhich reflect their own priorities and reject plans
which do not.

7 Therefore if designers differ in their rating of
attributes they will differ in their evaluation of
alternative designs; if they are in agreement in the
rating of attributes they will be in agreement in their
evaluations of alternative designs.

From this tentative theory a number of hypotheses may be derived. An

experimental programme, consisting of the organisation of five design

and evaluation exercises was devised; and experimental techniques were
selected, to enable the hypotheses to be tested., Subsequent chapters

describe this progzramme and the results achieved.

It is of vital importance that the approach of stating and testing this
theory does not rely on the inferring of values from the observation of
design decisions. If it were to do so, much of the theory would be

merely a presupposition., Although it is possible to infer wvalues from
decisions, the procedures demand highly constrained choice experiments and/or
- a large number of observations to ascertain the attributes used and their

values. Observation of the design process does not provide suitable data.

The approach taken in the testing of the theory involves using a
technique to elicit and to analyse designers'! judgement. This approach
lies between highly constrained choice experiments where, from the
pattern of choices, values may be inferred, and open ended interviews

which necessitate subjective analysis by the experimenter (Darke, 1979).
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The purpose of testing the theory is to provide analyses of designers!
judgement so that their behaviour, as manifested in their designs and
in their evaluation of alternatives, can be explained by reference to
their value systems in an objective and reproducible way. Therefore
the thesis is intended to show not only that designs and designers!
values differ but also to show how and why they differ. In this sense
the thesis is additionally concerned with assessing the worth of the
judgement analysis technique used for its ability to extract
underlying structure from subjective data and thereby to provide
meaningful, consistent results which permit explanations of designers!

values and their evaluation of designs.
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CHAPTER 3 AN EXPERIMENTAL PROGRAMME

3.1 Introduction

In order to test the tentative theory proposed in chapter 2, an
experimental programme was devised. The theory gave rise to a number
of specific hypotheses, and the experiments were devised in order to
provide data to enable these hypotheses to be tested. The experimental
programme comprised a sequence of five exercises in design and
evaluation, and each exercise formed the basis of an expariment. The
first, and to a lesser extent the second experiment, may be considered
pilot studies, providing experience of the techniques intended to
elicit the data, enabling an assessment to be made of these techniques,
and offering some data for analysis. Confidence in the suitability of
tﬂese techniques to furnish useful data led to the last three |
experiments. These were organised almost identically, their main
difference being the choice of participating subjects: non-architects,

students of architecture and qualified architects, fespectively.

The experiments investigate designers' priorities and the evaluation
of their design solutions. Experiment One was concerned only with the
evaluation of alternative existing designs. Each of the other four
experiments was based around an intensive design exercise (IDE). Tor
these exercises, sketch design problems were set, intended to have a
certain degree of realism, but at the same time not to be overcomplex
for the time allocated. In conjunction with the desipgn process the
attributes which the subjects considered to be their priorities were
elicited and scaled using 'prioritization' (see chapter &), After
having designed their proposals the subjects evaluated them, bhoth with
respect to the attributes elicited, and for overall merit. Precise

descriptions of the running of the experiments accompany each one,

The organisation of the experimental programme, the number of
experiments, the number of subjects and the analysis of results, were
considered to be of an order compatible with the resources of time

and money available to the experimenter.

2.2 Intensive Design Exercise

IDE's, as the name implies, involve compressing the decision making

process into a much reduced period of time than would normally be
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allocated. The designers are sometimes removed from their normal

place of working and the usual office distractions such as telephones
are not allowed to interrupt. IDE's have been used eitensively in
recent design research as described in chapter 2, Although no
comparative studies seem to have been carried out to establish the
effect of the reduced time scale on design decision making, there are
numerous advantages where monitoring is concerned. In particular, the
lack of distractions and the short time scale prevent attention being
divided and concentrationllost. This is important when the designer

is questioned about his priorities before and after the process; in an
IDE the answers are spontaneous, there is less chance of rationalisation
after the event and less chance of their being distorted by irrelevant
occurrences. For example, if the designer's priorities change during
the process, this must be recorded immediately at the end, for they may

revert over time as the lessons of that particular problem are forgotten.

3.3 Experimental Conditions

Experimental conditions were held as constant as was considered
compatible with the intended purposes of the experiments, and with the

practicalities of a group of subjects taking part for a whole day or more.

In Experiment One each subject was interviewed indi?idually. The
interviews took place under informal conditions at the experimenter's
work-space, the experimenter's home, and in two cases at the subjects!
homes. As the experiment was conceived as a pilot study, intended to
explore the potential of the techniques, it was not felt necessary to
create, at this stage, sophisticated and uniform experimental

conditions.

Experiments Two, Three and Four employed much greater control over
experimental conditions. Each of the experiments was conducted in the
subjects' studio: the students' normal design school studios in

Exveriments Two and Four, and a research studio in Experiment Three.

In Experiment Five each subject performed the experiment individually,
In five cases this was done in two stages, both at the subjects' own
homes, One subject, 55.2, performed the experiment, in two stages, at

his office.

It can be seem that experimental conditions have varied within some of

the experiments, and between experiments. Potential conditions for
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this type of experiment vary considerably. At one extreme Lowe (1972),
in obtaining evaluations of architectural drawings, provided identical
viewing conditions with uniform lighting levels, for his subjects to
view the drawings. At the other extreme experimental conditions in
obtaining designs from architects (Edwards, 1974) or in interviewing
architects (Darke, 1979) have apparently been considered of such little
_importance that they are not even reported.

In the present experiments, because the subjects are expected to design
as well as to evaluate proposals, the question of imposing standard
conditions seems to necessitate a balance. It is at least arguable
that to impose standard conditions such as drawing board type, drawing
instruments, paper type and size, illumination levels and so on, might
have a deleterious effect on the design process. This is especially
true when the attempt is being made to elicit the subjective values of
the participants. JAs an example, consider the observation of a fine
artist at work; one would hardly propose to uproot him, together with
his palette and easel, to a laboratory without expecting to affect his
style. Therefore although the time-scales make the design exercises
intensive, the experiments generally have bteen conducted in the
subjects' normal working locations or design studios where they use
their own materials and equipment. Only the non-architects in
Experiment Three had to be provided with architects!' scale rules and
shown how to use them. In this way the experimental conditions may be
said to lie between the very high degrees of experimental control
employed by those such as-Lowe, and the much less uniform conditions
common in interview techniques., Differences between the experiments,
both in the experimental conditions, and more particularly in their
differing organisations, does warrant eaution in the comparisons of

results between experiments.

3L Number and Type of Subjects

The number of subjects whom it is possible to include is the result of
a balance between attempting to penetrate the design process deeply,
and ensuring that the subjects are not so few in number that their
idiosyncracies obscure statistically generalisable results. Such a
dilemma is commonly felt in design research. In the present study

this balance has been made with primary regard to the choice of
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experimental technique and to practicality.

Experiments One, Three, Four and Five all use six subjects. The

number was chosen for the following reasons:

a It gives a manageable group for discussion and

agreement of common attributes, where those are used.

b When the subjects evaluate the designs produced by
means of paired comparisons the number of comparisons,
602, gives a reasonable number, 15.

¢ VUWhen the subjects perform similarity judgements of
triadic comparisons the number of comvarisons, 93’

also gives a reasonable number, 20,

Experiment Two was performed with the fourth year students at Liverpool
School of Architecture and was tailored around the number of students;

it differs in this respect from the other four.

The subjects themselves were chosen to represent three levels of
architectural training. The three categories were architects, students
of architecture, and non-architects. Experiment One included two
subjects from each category, to obtain an indication of the effect that
lack of architectural training might have on the answers which could be
obtained., Experiment Two involved students of architecture. Experiment
Three involved six non-architects. Experiment Four involved six

students of architecture. Experiment Five involved six architects.

Experiments Three, Four and Five enable some comparisons to be made not
only within the homogeneous groups but also between groups, although

experimental conditions and organisation were not absolutely identical.

3e5 Time~table

The time~tables for Experiments Three, Four and Five were established
by reference to the length of time taken to evaluate six design schemes
in Experiment One. For convenience it was decided to try to concentrate
the experiment into little more than a day for Experiments Three and
Four, and two half day sessions with each subject for Experiment Five.
This meant that the design process was allocated a period of about

three hours, and this in turn was decisive in the choice of design task
set. In Experiment Two the schedule for the exercise had already been

egtablished as a one week sketch design.
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3.6 Design Task

The design task for all experiments except Experiment Two involved

school planning.

a

There were several reasons for this choice:

Although schools vary greatly in fheir complexity it
was felt possible to compile a brief for a school
which would be realistic, would be of sufficient
complexity not to be trivial, and would not be

excessively difficult in the time allocated.

All subjects will have a broad familiarity with the
functioning of a school through personal experience.

There is a precedent in other studies of the design
activity at the Department of Design Research by
Mallen & Goumain (1973), by Stansall (1973), and
further unpublished work by Mallen.

Design research elsewhere has concentrated on school
design (Krauss & Myer, 1970; Willey & Yeomans, 1974).

School planning was therefore chosen. In particular the unpublished
research undertaken by Mallen had used six primary school plans and
these were reused in Experiment One. The success of Experiment One led

to the adoption of a two~form entry primary school for the design task.

Subsequently for Experiments Three; Four and Five the brief was adapted

and a new site plan drawn up.

The subjects in Experiments Three, Four and Five were asked only to

prepare a plan, and not elevations or sections. Neither were they

asked for landscaping or other details, The reasons were:

a

It was an endeavour to restrict the variety of
attributes which they would feel it necessary to

specify the important aspects of the school.

It was believed advantageous to the non-architects
who might have been at a considerable disadvantage if
they lacked knowledge of draughting skills and
conventions,

In evaluation it again restricted the variety of
possible attributes which could be used to make
judgements of the plans.
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In Experiment Two the design task was for a two-man cocast guard station
for mass production in glass reinforced polyester. For the students
the experiment served the dual functions of being both a learning
exercise about grp technology as well as an exercise in design method,
in which many of the experimental results were discussed with the

subjects at the conclusion.

3.7 Judgement Analysis

In conjunction with the design exercises, in Experiments Two, Three,
Four and Five, the designers performed a judgement analysis exercise.
This was intended to provide information about their values or
priorities, and thus to afford explanations of their balancing of
priorities during the design process and therefore in their design
solutions, The judgément analysis exercise necessitated the elicitation
of the designers® priorities, and the scaling of paired comparisons of
them, using a technique recently devised by Saaty (1977). The same
technique was also used in the evaluation of alternative designs.
Although all the experiments had many underlying similarities, and were
all based on testing the theory proposed in chapter 2, their individual

organisation was not identical.

In Experiment One attributes used in evaluation of the existing school

plans were elicited from, and scaled by, each subject individually.

In Experiment Two a set of four attributes, common to all the subjects,
‘was used. The four were decided by two tutors and the experimenter.
The numoer of attributes was influenced strongly by the whole
organisation of the experiment. As a means of experimental control,
some subjects scaled atiributes both before and after design, others

only after design.

In Experiments Three and Four the group of six subjects used 'brain-
storming! (Osborn, 1957) to elicit a range of potential attributes.
Through discussion, and in Experiment Three an unsuccessful attempt to
use a voting procedure based on '"Delphi' (Blohm & Steinbuch, 1973;
Wills & Wilson, 1972), a set of six attributes, common to all the
subjects, was agreed. These attributes were scaled by each subject
both before and after design, and were the attributes with respect to
which the design solutions were evaluated. The subjects were also

given the opportunity to express other attributes which they had used
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in comparing the designs,

In Experiment Five the elicitation of attributes took place with each
subject separately in order to find the priorities of each individual
architect. These were scaled before design. After design each subject
had the opportunity of changing the attributes elicited before design,
although no subject in the event did so. The attributes were scaled
again after design. In evaluation the attributes each subject used
were elicited by his comparing the design solutions, and these were

the attributes with respect to which the designs were evaluated.

3.8 Redrawing the Designs

In Experiments One, Three, Four and Five the plans were always redravm
to a common scale and format before being evaluafed. This was believed
to be essential in an experiment of this kind. It was done by Lowe (1972)
in his experiments on evaluation, and recommended, though not done, by

Cakin (1976). Redrawing has the advantages that:
a The sizes of the plans are readily comparable.
b Thg orientations of the plans are readily comparable.

¢ Individual presentation and draughting styles have no

effect on the evaluations.

d The amount of information conveyed by each is the samej
Porat & Haas (1969) and Cakin (1976) report that
quantity of information can have significant effects

on decision making.

The disadvantages are that:

a The quantity of information given by the plans can
only be as much as that provided by the original plan
with the least information (for example, if everyone
provided landscape proposals, all the re-drawings
could include them, but if one leaves them off they
are left off all the redrawn plans).

b The style of redrawing is dependent on who does the
redrawing, and may therefore convey some of his

prejudices, unintended by the original designer.
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¢ Linked to both previous points, the relative
crudeness of the redrawing may eliminate some of

the subtlety intended by the designer.

On balance, redrawing was considered essential, The drawing style
chosen and used by the experimenter was dictated in part by the time~
table, Experiments Three and Four, which each took place in little
more than one day, demanded rapid redrawing of the designs, and
therefore a rather simple style was adopted. For uniformity, the sane
style was retained in Experiment Five. In Experiment One previously
redrawn plans were adopted. In Experiment Two there were too many
plans to make re-drawing feasible. The lack of re-drawing may be

significant, as noted in chapter 6.

3.9 Evaluation of Alternative Designs

The method deveéloped by Saaty (1977) for evaluating by means of

scaling paired comparisons was used extensively during the evaluation.
Its advantages and description are given in the next chapter. In
Experiment Two, because of the large number of designs to be. evaluated,
it was not possible to use paired comparisons and a marking scale 1 =20
was adopted. It was specified precisely in order to attempt to
achieve a degree of comparability between the evaluation marks., In

each experiment the subjects themselves evaluated the designs pertaining

to, or prepared during, that experiment.

In Experiment Cne the redrawn school plans were evaluated for overall
merit and with respect to each subject's elicited attributes. For
overall merit the method of scaling paired comparisons (see chapter 4)

was used, and this was followed by the plans being ranked with respect

to the subjectts attributes.

In Experiment Two the drawings were marked on a 1-20 scale, where
divisions were precisely specified. The subjects were divided into
four groups and members of each group marked the schemes with respect

to one attribute., Three tutors also marked the schemes for overall

merit using the same 1 ~20 scale.

In Experiments Three and Four the subjects evaluated the redrawn schooi~
plans with respect to each of the six common attributes, and for overall

merit, using the method of scaling paired comparisons.
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In Experiment Five each subject evaluated the redrawn school plans with
respect to the attributes which were elicited from him as part of the
evaluation process, Fach subject also rated the plans for overall
merit, Throughout the evaluation the method of scaling paired

comparisons was used.
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CHAPTER 4 EXPERIMENTAL TECENIQUES

k.1 Introduction

In chapter 2 the need was established for analysing designers!
judgement in conjunction with the design process in order to compare
their values with their designs, and to explain their preferences
among alternative designs., This chapter describes the criteria for
the choice of judgement analysis technique and the details of the
methods chosen, It describes how the data are elicited and processed
to extract the underlying structure of the judgements. An account is
also given of the statistical methods used to compare designers!

judgements., Finally an example of one suﬁject's results is given to
illustrate the techniques.

4.2 Criteria for Choice of Experimental Technigues

Criteria governing the choice of experimental techniques were
established with reference to the authort's first hand experience in
monitoring design teams, and to existing studies of the design
process, particularly in the Department of Design Research. Here
Cornforth (1976) has been notably candid in reporting practical
difficulties in his experiments to monitor designers.

k,2.1 Input data

a Input data must be relatively easy to gather for the
experimenter, If they are not, there is a considerable
restriction on the number of subjects who can be
monitored. The use of verbal protocols for example
(while having other advantages) entails such a
restriction, as clear from the limited number of
subjects who participate in these experiments.
Cornforth (1976), amongst others, is explicit in noting
the large effort involved in transcribing and analysing
verbal protocols.

The author had already had first hand experience in
menitoring two three~day IDE's and more than four weeks
of live~project design team observation undertaken as
part of the assessment of CEDAR3 computer-aided
building design system as described in 1.2.3. During
this experience it was found that the subjects?!
quantitative judgements were frequently made implicity,
by extrapolation or interpolation of the computed
evaluations, in a way which was not overtly systematic.
Hence to obtain measures of the benefits of using the

- b -



system it was necessary to rely on subjective probability
estimates elicited from the subjects. Qualitative
judgements were even less possible to monitor than
quantitative judgements. These findings emphasised the
need for eliciting data from the subjects in a more
precise way than passive observation could provide,
analogous to the eliciting of subjective probability
estimates of the benefits of using a computer aided
building design system.

b Eliciting input data must not be too taxing for the
subject. If the extracting of data is too taxing the
subject may not be able to concentrate sufficiently to
give meaningful results, or even to give any results.
Again Cornforth (1976) reports openly that his
experiments had to be curtailed because of the mental
effort involved in completing a repertory grid test at
the end of an IDE,

c The input data must be capable of handling both
quantitative and qualitative data. Aish (1974) reports
the use of connectivity analysis having chosen both the
design problem (a console layout) and the data
reduction model (connectivity analysis) specifically to
eliminate subjective value judgements.

d : The data gathered should be of a form which can be
readily assimilated by the subject.

In this thesis the attempt has been made to obtain data in a way that
is not excessively time consuming, does not tax the subject unduly,
relates both quantitative and qualitative aspects of the problem, is

in a form with which he is conversant and so may be readily assimilated.

L. 2.2 The method of computation

The method of computation must be relatively straightforward.
Cornforth (1976) reports difficulty in getting a 'multi-dimensional
scaling' (MDS) program to run. In contrast the proposed method of
computation is based on the mathematical manipulation of a matrix,
which is already available on a pocket calculator, although this was

not in fact used.

L,2.3 The output

Criteria governing the output are based on those cited by Tshudi (1972).
a © Parsinmony: the output should be more simple than the
data input. '

b Reconstruction: from the output more or less complete
recovery of the input should be possible.

c Purification: the output should give a truer, more
purified description and thus be said to
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d reveal latent structure, and

give information on psychological processes.

Cornforth (1976) in his experiments using an MDS program noted that he
as an experimenter had "some difficulty" in interpreting the spatial
model output, and that there was limited success when his subjects
were involved in the task of interpretation., The presentation of
output in the present experiments, as shown for example in figure 5.1,
is intended to be readily understood not only by the experimenter but

also by the subjects.

.3 Flicitation of Attributes

Two types of stimuli were used to elicit attributes during the
experiments. In each case the principle was that the attributes were
elicited from the subjects; they are the attributes which the subjects
themselves offer and use. This principle has been followed exactiy in
Experiments One and Five where each individual subject's attributes
are used by him. In Experiments Three and Four the group of six
subjects used brainstorming (Osborn, 1957) to elicit attributes, and
then agreed a set of six common attributes for the purpose of the
experiment, In Experiment Two, the principle was modified, and the

attributes were decided by two tutors and the experimenter.

The first means of eliciting attributes comprised giving the subjects
a site plan and a brief, and reading a statement such as the
following:

"Consider the implications of planning a two-form

entry primary school, What important attributes

or qualities would you take into account in planning

the school?!
Having been read this statement, in Experiment Five each subject was
agked to write down the most important six; in Experiments Three and
Four the group of subjects proposed attributes in a brainstorming
session. After the brainstorming session had elicited a large number
of attributes, a discussion took place at which a set of six common
attributes was agreed. An attempt was made to use a voting procedure
based on "Delphi' (Blohm & Steimbuch, 1973; Wills & Wilson,. 1972) to
agree the six attributes, as descrided in 7.3, but was abandoned

because of overlaps among attributes. These overlaps necessitated
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considerable discussion, which the voting procedure had tended to
 eliminate.

The number of attributes, six, was initially decided for Experiment
One. There were two reasons. First was the widely recognised
observation that the human mind is limited to 7 £ 2 factors for
comparison at the same time (Miller, 1956). Second the choice of six
rather than seven reduced considerably the. task of scaling attributes.
The success in which this number resulted in Experiment One led to its
continued adoption in Experiments Three, Four and Five. As a check on
the validity of this decision, the subjects did have to opportunity of
expressing up to twenty attributes in the evaluation phases. An
exception to the use of six attributes is Experiment Two where, owing

to the organisation of the experiment, the number of attributes was
decided as four.

The second means of eliciting attributes was the method of triadic
comparisons. Each subject is shown all possible combinations of

three items (schocl plans) from the set of stimuli, and asked to make
similarity judgements of them. Given n items he will judge nC3 triads.
For each triad the subject is asked to separate out a pair that share
some common and important attribute, which makes them similar and

which differentiatea them from the third plan. The subject is asked

to describe the attribute briefly., For all triads subjects were
encouraged to look at alternative ways of pairing off two items before
making a final decision, The order in which the triads were given
prevented pairs of items appearing in successive triads. Appendices 4.5
and 4.6 show the forms which were completed by the subjects. The
maximum pumber of attributes which could be elicited in this way equals
the number of triadic comparisons, that is, when there are six items,
603 or twenty. In fact the average number of attributes recorded in
these triadic comparigons was between six and seven. This finding
%indicated the decision, when it was necessary to specify the number

of attributes required, to ask for six.

Both methods of presenting stimuli to elicit attributes have been used
successfully in the Department of Design Research. Stansall (1973)
and Cornforth (1976) report their use in obtaining data for repertory

grid analysis, and the present means of elicitation owe much to their
precedents,



It is worﬁhy of note that the attributes elicited in this way may bhe
expressed both positively and negatively; the judge may state that the
similar pair share some positive attribute lacked by the third or that
the third demonstrates some positive attribute ' lacked by the other
two. It is necessary when compiling the list of attributes with
respect to which designs are to be evaluated for the attributes to be
expressed in a positive way and this generally necessitates discussion

and agreement between the subject and the experimenter.

4 4 Scaline Attributes: '"Prioritization!

The experimental technique which provides a means to analyse designers!
judgements of the elicited attributes is that described by Saaty (1977).
He entitles the technique 'A scaling method for priorities in
hierarchical structures', It is generally referred to in this thesis
as 'prioritization'. The technique has many important properties by
which it satisfies the criteria established in &;g, and which therefore
make it suitable for analysing designers*' judgemental processes.
Probably the most important property of prioritization is that it may
be used both to analyse and to express subjects' verbally stated
priorities, and to analyse and to express judges! evaluations of

alternative designs. Thus the same technigue may be used in design and
in evaluation.

Prioritization is a means of deriving weights for a set of items
according to their subjective importance. In conjunction with the
design process, for example, the subjects scale the attributes
elicited in terms of their relative importance to the success of the
design. In evaluation not only are the attributes scaled for their
relative importance, but also the plans are scaled for their relative
degree of achievement of each attribute., This gives a form of multi-~
attribute utility analysis, and allows the weights to be combined, by

- means of an additive utility model, into an index associated with each
plan,

The data input for prioritization consist of scaled judgements of
paired comparisons of attributes. Comparisons are implied by walue
judgements (Nowell-Smith, 1954) so the use of comparisons to elicit

such judgements seems apposite. Furthermore as Moroney has said,
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tdirect comparison between two items is far more
sensitive and discerning than actual measurement at a
scale of value, We can tackle the problem of multi-
dimensional judgements on the basis of paired
comparisons rather than straight ranking" (Moroney, 1951).
The method which Moroney goes on to describe involves the judge
deciding for each pair of items which is the more important. These
judgements are expressed in a binary matrix, from which it is possible
to discern an overall ranking, and a coefficient of consistency

derived from the number of circular triads of items occurring.

Saaty's method also involves the judge being presented with all
possible . combinations of two items from the set to be evaluated.

Given n items he will judge nC2 pairs, i.e. n(n=1)/2. For each pair

he is asked to use the pre-specified scale 1 to 9 (shown in appendix 4.1)
to decide the weighting of each of the pair. If they are of equal
importance this is denoted by each being given the weighting 1; if one
is more important it is allocated a weighting on the remainder of the
scale, i.e. 2 to 9 according to the degree of importance, and the other
of the pair is allocated the reciprocal of that weighting. The logic

of this system is that if x is judged more important than y at point 3

of the scale, then y is less important than x to the value of %.

The judgements are entered in a matrix of the following type:

4
--1 A2 eoOOPOOSLIOSOIOSO An
A1 W1/W1 w,}/"wz esrcscccccnce W1/Wn
A
2 wz/'ﬁ',] WZ/WZ ceevccsssece wa/wn
A | w
n n/w1 wn/wa sovsccsvenscre wn/wn
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There is a set of n items denoted by A1 esccee An. Their weights are
denoted by w1 creece W o Entries in the matrix are the scaled paired
comparisons as elicited from the subject. Each scaled judgement
entails two entries: the weight wi/wj specified by the judge according

to his preference of Ai over Aj’ and its reciprocal wj/wi.

In pracﬁice the convention adopted here is that for a pair Ai’ Aj’
where i designates a row and j a column, if Ai is judged more
important than Aj then the scaled integer is entered as the result in
the ith row under the jth column. But if Aj is judged more important

than Ai‘then the reciprocal of the scaled value is entered.

Saaty has taken advantage of the special properties of such a reciprocal
matrix to show that it expresses underlying properties of the judgements.
First he has shown that the maximum eigenvalue of the matrix gives a
measure of the consistency of the judgements forming the entries. For
perfect consistency the maximum eigenvalue equals the number of

entries, Second he has shown that the normalised eigenvector
associated with the maximum eigenvalue of the matrix gives a measure of
the importance rating for each element»implied by the judge's decisions.
If perfect consistency among the judgements is assumed then the
relative weights ascribed to items are given by normalising the suas

of each row, or alternatively by normalising the entries in any one

column.

The scaled judgements need be neither 'cardinally' consistent, nor
tordinally' consistent. Cardinal consistency would not be expected
because judgements do not conform to a precise formula, An example of

cardinal consistency would be for A, to be related more important than

1

A3 to the wvalue 9 and A2 to be relatively more important than A3 to

the value of 3, implying that A1 must be relatively more important
than A2 to the value 9/3 = 3, Ordinal consistency expresses the

transitivity of preference: if A, is relatively more important than

1

A2 and A2 is relatively more important than A3, then A1 should be

relatively more important than A3. Both types of inconsistency are
admitted by the method, and the maximum eigenvalue ( Amax) provides a
measure of the degree of consistency among the judgements. Saaty
notes that there is no apparent relationship between this measure and
the coefficient of comsistency derived from circular triads in

ordinal paired comparisons., However he does present a qualitative
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statistical test of consistency. For good cpnsistency (ﬂ72)3'< 1,
where p = ( \max - n)/(n - 1).

Through a number of trials using the technique Saaty has compared the
subjective estimations of relative distances between capital cities,
relative brightnesses of illuminated objects, and relative masses of
objects, and in each case has been able to show that within certain
tolerance limits the normalised eigenvectors corresponded to the actual
(normalised) measurements. As these trials confirm the accuracy with
which this technique may be used to obtain good subjective estimates of
objective facts, this ability would seem to make it valid for use to

obtain subjective estimates of subjective values.

Prioritization of attributes elicited from the designer in conjunction
with the design process provides two kinds of information about his
judgemental process, The maximum eigenvalue provides a measure of the
underlying consistency with which the judgements are made. The
normalised eigenvectors represent the relative weights of attributes
implied by the judgements. The weights are measures of the extent to
which the designer will try to achieve each verbally stated attribute
in the design. They express his priorities and indicate the trade-
offs he is likely to make during the design process. By asking
designers to perform prioritization of attributes before and after the
design process, the two measures should reveal the effect of the
design process on the rating of attributes and on the consistency with

which they are scaled,

The same method of scaling may be used to evaluate designs. In

evaluation the situwation faced by the evaluator is that:

a The designs exhibit many attributes.

b The attributes vary in the values which evaluators
ascribe to then.

c The alternatives demonstrate different degrees of
fulfilment of the attributes.

Evaluation therefore is a process of eliciting and weighting

attributes, weighting the plans with respect to each attribue, and

combining these weighted partial judgements into an overall evaluation

of all the alternatives., Means of eliciting and ascribing weights to

attributes have already been described. Saaty's prioritization may

also be used to assign weights to alternative designs, either for
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their overall merit or with respect to separate attributes. Precisely
the same procedure as described above is followed: scaled judgements
of paired comparisons of designs are entered into a matrix, and through

computation measures of consistency and relative weights found.

To obtain overall evaluations an additive utility model is used,
Taking each attribute in turn the relative weight of each design with
respect to that attribute is multiplied by the relative weight
(relative importance to overall performance) of that attribute. Vhen
this has been done for each attribute the products assiclated with
each design are added to give an index. The index thus represents the
relative value of each design with respect to all the attributes,
where the relative importance of the attributes to overall value has

also been taken info account, In mathematical terms

where I is the indéx of overall relative value, X, is the weight
aseribed to attribute n for its relative importance to overall value
and Yy is the weight ascribed to the design for its relative value
with respect to attribute n. 'x' and 'y' are sometimes referred to as
toct ang *s* (Grant, 1976).

To check that the additive utility model indices genuinely reflect
subjects® preferences a comparison has been made between each subject's
preferences as expressed by these indices, and as obtained by asking
him to scale paired comparisons of designs directly for overall merit.
Because in calculating the indices, the eigenveciors are always
normalised, so the indices sum to unity. The normalised eigenvectors
in overall merit judgements also sum to unity. Thus the two can be
directly compared by being drawn on a diagram to the same scale. A
correlation coefficient can also be calculated betwéen the two sets of
results., The example in E;Z shows these comparisons. To try to avoid

confusion in this particular comparison the term overall merit or

overall rating is used when the subjects are asked to rate plans

directly for overall merit; the term inddx is reserved for the

combination of partial judgements.

These detailed evaluations using paired and triadic comparisons have

been used throughout the experiments except for Experiment Two. In
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Experiment Two the large number of schemes made the paired comparison
technique impossible, and an alternative means of marking the schemes

was adopted. This is described in chapter 6.

In addition to scaling attributes and designs, the subjects have always
been asked for a simple rank order, Throughout the experiments the
ratings given by eigenvectors are those quoted, and those which have
been relied upon. On one or two occasions only, where a subjecf's
consistency has been poor, the simple ranks have been referred to; the

text notes explicitly these occasions.

As part of the evaluation process it was believed desirable that each
subject should rate his own design scheme. The advantage of paired
comparisons is that, because each pair is judged independently, all
those judgements relating to the designer's own scheme can later, if
required, be eliminated. The results do indicate a general tendency
for each designer to rate his own scheme highly, a not unexpected
result, However this tendency is not considered to be detrimental to
the experimental results, and no attempt has been made to eliminate

each designer's evaluation of his own scheme.,

The calculations of maximum eigenvalues, normalised eigenvectors, indices
and hierarchical clusters'(described below) were performed by computer.
A program was written by the present author (incorporating a program
written by Dr. Mallen: see Declaration) in BASIC to run on the Royal
College of Art's Altair mini~computer (appendix 4.7).

k.5 Hierarchical Cluster Anaigsis

Hierarchical cluster analysis is a technique developed to help identify
groupings or clusterings of items inherent in subjective judgements.
The technique enables items to be classified into optimally homogeneous
groups, that is, objects judged similar are assigned to different
groups. Johnson (1967) describes a procedure which constructs a
hierarchical system of clustering representations ranging from one in
which each of the n obtjects is represented as a separate cluster to one
in which all n objects are grouped together as a single cluster. The
result is an explicit and intuitive description of the clustering

inherent in the subjective evaluations of designs.

The data 2or hierarchical cluster analysis consists solely of the
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n{n~1)/2 similarity measures among the n objects under study. The
similarity measures may be obtained in several ways including, for
example, obtaining for every pair of objects a subjective rating of
similarity. However they may also be obtained from triadic comparisons,
the same triadic comparisons in which similarity judgements have been
used to elicit attributes, as described in &;é. The advantages of
using these similarity judgements are several. First the triadic
comparisons are thereby made to provide data for two parts of the
experiment at the same time. Second it obviates the need for another
numerical scale to assess similarity between plans. This might prove a

difficult task for school plans, and besides a numerical scale is being
‘used to assess merit.

The order in which the subject performs triadic comparisons has been
chosen so that, as noted above in 222, no pair of items appears in

successive triads. This is to minimise any confounding effect which

might result from the successive appearance of pairs of items in the
triadic comparisons. The order chosen is shown in appendix 4.5.

The similarity judgements are compiled into a similarity matrix of the

following kind:

P1 Pa LR XK XN XX KRN ] Pn
P,, - P1,P2 svossreseere P1’Pn
P2 P2,P1 ~ cevoeccccvece Pa,Pn
Pn Pn.P1 Pn,Pa sesoss0evencee -

There is a set of n items denoted by P1 escass Pn. Each entry, Py, Pj’
denotes the number of times that pair is judged similar. The diagonal
of the matrix is left blank; and the matrix is symmetrical about the

diagonal.
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Hierarchical clustering schemes are obtained from the matrix using the
method detailed by Michon (1969), which is itself based on an algorithm
proposed by Johnson (1967).

The output is graphical and takes the form of a similarity tree or
dendrogram. For each similarity level this shows the plans which were
Judged similar at that level. The maximum number of levels is given
by n-2, where all the n items are represented as separate clusters; at
level 1 all the items are assigned to the same group. The similarity
tree is intended to be assimilable both by the experimenter and by the

subject. Section 4.7 describes an actual set of results.

4.6 Statistical Measures

The techniques described so far in this chapter have concentrated on
eliciting data on designers! subjective judgements. Commonly accepted
statistical measures have been used in order to draw inferences from
the data. They have been used both to make comparisons within the
data from each subject, for example to measure possible changes in
priorities resulting from the design process, and between subjects,

such as the level of concordance between their evaluations of designs.

The statistics used are Kendallts coefficient of concordance,
Spearman's rank correlation coefficient, and the Mann-Whitney U~test.
They are described fully in standard texts, such as Siegel (1956) and
Moroney (1951). Significance (x) levels achieved are quoted with the
results; one~tailed tests are ﬁsed where applicable, and an x-~level of
0.05 has been taken as significant. A computer program was written in
BASIC by the author to calculate Kendall's coefficient of concordarce
(appendix 4.8),

Generally the statistics have heen used conveantionally. From the
theory expressed in chapter 2, a number of research hypotheses arise.
These are stated in the experiments as null hypotheses, in the
expectation that they will be rejected. The statistics are used to
f£ind the probability of the null hypothesis being true, and if this
probability is less than one in twenty, the research hypothesis is

accepted as true,

Because of the organisation of the experiments, in addition to the

conventional use of these statistical measures, it has been necessary
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to use them unconventionally. For example, one aspect of the
tentative theory being explored is that designers will disagree about
the relative importance of attributes, and will disagree about the
relative merit of designs. When using Kendall's coefficient of
concordance it is only really legitimate to use it to measure
concordance; the null hypothesis states that there will be no
concordance, and a coefficient larger than that which is significant
allows the null hypothésis to be rejected, However the non-rejection
of the null hypothesis, if the coefficient is below the required level
of significance, does not legitimately allow the conclusion that there
is significant discordance between the judgements. Nevertheless it
has been necessarj in these experiments to use Kendall's coefficient
of concordance quite extensively. For the most part its use is in

the normal and legitimate convention, and the null hypothesis has been
stated in the conventional way. But there are occasions when although
the null hypothesis has been stated in the conventional way, the
expectation is its non-rejection. VWhere this is the case it has been

clearly stated in the drawing of conclusions.

Spearman's rank correlation coefficient is used extensively, and for
the most part conventionally., But it is used in an attempt to measure
changes in the rating of priorities by each designer. As with Kendall's
coefficient the null hypotheses are stated in the conventional way.
But the statistic is in fact used in an unconventional way. What has
been attempted is to find some measure to decide whether or not there
is a significant difference in the réting of attributes before and
after design. Spearmants coefficient has been calculated between the
before~-design and after-design ranks. If the coefficient shows that
the correlation is statistically significant it has been assumed that
there is no real difference between the two sets of ranks and thus that
there has been no change., If the coefficient shows that there is not
significant correlation it has been assumed that a definite change in
the rating of attributes has taken place. Thus in some cases the non~-
rejection of the null hypothesis is the expected result, and where

this is so it has been stated in the conclusions.

A further uncoanventional aspect of the experiments is the performing of
so many tasks by the subjects. It is much more usual to hold constant

all the possible factors except the one or two in which the experimenter
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is interested and then to vary these under controlled conditions. Such
control however is extremely limiting in experiments on the design
proceés. It seems reasonable on the other hand to classify the present
study not only as the testing of a theory but also as an exploration
and a search for underlying patterns in the design process, as they
can be recorded in design studio conditions., Part of the experiments
entail trying a number of tests to identify potential correlations,

and it may well be the case that the indications of potentially
fruitful avenues discovered in these explorations will prompt
laboratory based confirmations, given the present experimenter's
reservations about excessively controlled experimental conditions,

mentioned in 3.3,

In strong support of the present experiments it is claimed that, despite
the occasionally unconventional use of statistical measures, and the
rather large number of variables, these experiments, which have
developed from the passive monitoring of design processes, by stating
and testing hypotheses precisely and in some detail, present an

important and valuable departure from that approach.

L,7 An Example

This section provides an example to illustrate in detail the
techniques. The data from S5.6's evaluation of school plans will be

used, The full experiment is described in chapter 9.

First through triadic comparisons of school plans, attributes for
evaluation were elicited and similarity judgements of plans were

obtained, In these triadic comparisons the subject completed the
form (appendix 4.5) as shown below. The plans are represented by

letters A to F, and are shown in figure 9.2.

Triad Attribute

A B c Orientation

A D E Clear geometry
B D F Clear geometry
B c E Orientation

A E F Compactness

A c D Compactness

B E F ' Symmetry



Triad ' Attribute

A C F Symmetry

c D E Symmetry

A B D Symmetry

c E F Orientation

B c D Symmetry

A D F Compactness

A B E Symmetry

c D F Orientation
- A B F Symmetry

§' D E Clear geometry

A c E Orientation

B c F Symmetry

D E F Symmetry

The similarity judgements were entered into a matrix thus:

AoB C 0O E F

Al- 1 0 2 1 1 A BE T DF
Bl1 - 2 0 4 @ el- b
clo 2 - 1 7 > w1 - 1
ol2 o 1 - ¢ 4 o :
Flr 42 g | 02§
Fl2 0§ ¢ 1

~
sy ADF BEC
1 \ wF | -
2 . L < BEC | 1 -
3
IA § 3 &1

~ 55 =



This matrix is searched for the most similar items. Rows and columns

are collapsed by taking the highest values of pairs of cells, and the
process is repeated until the matrix is reduced completely. From the
successive contractions can be seen the derivation of the hierarchical

clustering shown, both the clusters and the similarity levels.

Second the elicited atiributes are scaled. The four attributes

elicited were ‘orientation' (a), 'compactness' (b), 'symmetry' (c),

fclear geometry' (d). The subject was given the scale to be used

(appendix 4.1) and was read the instructions at the top of the form
shown in appendix 4.2, slightly modified because there were four

He was given the attributes in pairs in the order
For

attributes not six,
shown on the form, again modified because there were only four.
each pair he estimated their importance in the planning of a primary

school relative to one another. The scaled judgements were recorded

on the form by the experimenter, and transfered to a matrix thus:

a b c d
a 1 L 5 1
b 14 1 5 1
¢ 1/5 15 1 1/3
a 1 1 3 1

From this matrix it can be seen that 'a' was more important than 'b!

to the value 4, and so on., Through computation the maximum eigenvalue

was found to be 4.282 and the normalised eigenvectors

(0.4%9, 0,218, 0.068, 0.265)

Third the school plans are scaled for their merit with respect to each

of the attributes. For each attribute a form of the type reproduced

in appendix 4.3 was shown to the subject who was then given all

possible pairs of plans in turn. The experimenter recorded the scaled

judgements., For each of the attributes the following matrices were

recorded.
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Attribute A B C D E F

a A 1 3 7 /2 2 1/2
B /3 1 7 /3 1/3 /b
c /7 /7 1 /7 /7 1/8
D 2 3 7 1 3 1
E /2 3 7 /3 1 1/3
F 2 A 8 1 3 1

b A 1 /5 1/5 /5 /% 1/6
B 5 1 /5 /5 /3 /k
C 5 5 1 3 L 1 /2
D 5 5 /3 1 3 1/3
E A 3 /4% 1/3 1 /%
F 6 b 2 3 4 1

c A 1 5 7 /3 7 1/3
B /5 1 L /8 1 1/7
c /7 A/ 4 /7 1 - 1/8
D 3 8 ? 1 ? 1
E 1/7 1 /7 1 1/8
F 3 7 8 1 8 1

d A 1 5 1/3 1/3 L 1/%
B /5 1 /6 15 1 1/7
c 3 6 1 1/3 6 1/3
D 3 5 3 1 5 1
E /% 1 /6 1/5 1 1/7
F b 7 3 1 7 1

Through computation of the above matrices the normalised eigenvectors

were found to be as follows:

Plans
ttributes A B C D E F

0.18% 0,084 0.025 0.279 0.133 0.296
0.033 0,067 0.282 0,177 0.097 0.345
0.186 0.055 0,032 0.3%3 0,038 0.345
0.108 0.037 0.184% 0.296 0,038 0.337

& 0 T O
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The index for plan A is given by

n=4
I=2> xy, (see 4.4)
n=

=( 149 x .184) + (.218 x .033) + (.068 x .186) + (.265 x .108)

1}

.083 + ,007 + .013 + ,029

131

This computation for each plan gives the indices listed in table 9.8
for subject S5.6.

Additionally the subject is asked to scale paired comparisons of school
plans for their overall merit as schools, using the form shown in

appendix 4.4, The results are given for subject S5.6 in table 9.9,

Figure 9.1 for S5.6 shows his results graphically. The similarity tree
described above is given, showing the subjective clusterings of school
plans derived from the similarity judgements. Below this, the additive
utility model indices (dotted line) and the eigenvectors given in
overall evaluation (solid line) are plotted to the same scale. In this
way the figure records, in easily assimilable form, the comparison
between these three methods of evaluation, As figure 9.1 shows for
subject S5.6, with the slight exception of the weights ascribed to
plans A and ¥, there is a high level of correlation between the indices
and the overall evaluation eigenvectors. This is checked by calculating
Spearman's rank correlation coefficient between the two sets of results.
Furthermore there is an obvious correspondence between these two sets
of results and the hierarchical clustering: the members of cluster B-
E~C are rated low, those of cluster D~F are rated high. Only the
overall merit rating of plan A is slightly lower than might be

expected. Tabulations of these comparisons for all subjects are given
in the experiments.

A}

4.8 Summary

The techniques which have been chosen have important features indicative

of their suitability in the circumstances of the present thesis.

1 The attributes which form the subject matter of the
judgenents are those elicited from the subjects

themselves. They are the attributes which the designer -
himself expresses verbally and there is no reason to
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believe that designers should be unable or unwilling to
desciribe the attributes they value. The means of
eliciting the attributes is not believed to be
excessively time consuming, nor exhausting. Attributes
may be both quantitative and qualitative.

The judgement phase of weighting the attributes entails
comparative judgements of pairs of attributes. It is a
process which is intuitively reasonable and not onerous
for the subject.

Computation from the input is a straightforward matter
of calculating from the matrix of pairwise comparisons
the maximum eigenvalue, and its associated eigenvector.

Cutput is readily assimilable by the experimenter and by
the subjects. The notion of relative weighting of items,
as given by the normalised eigenvector, is widely
recognised, and the measure of consistency given by the
maximum eigenvalue may be easily explained.

In the evaluation phase the above four points apply.
Additionally the triadic comparisons are an efficient
means of eliciting data and are intuitively reasonable.
The resulting cluster analysis is simple to compute and
the output easily comprehended. The process of scaling
paired comparisons of plans with respect to the various
attributes is the most involved part of eliciting the
data, and may entail one hundred or more paired
comparisons by each subject. In the context of these
experiments the subjects have performed this number of
comnarisons without complaint. If perfect consistency
is assumed only one row of the matrix would need to be
completed., This would reduce dramatically the number of
paired comparisons from, for instance, over one hundred
to about thirty and would simplify somewhat the ease of
using the technique. The index which is output gives a
measure cf the overall weighting of the plans as a
combination of partial judgements, and is almost as easy
to assimilate as simple ranking.

As an experimental check on the answers, the subjects
also scale judgements of school plans for their overall
merit, In this way the same stimulus items, the school
plans, have in fact been evaluated by three different
methods: similarity judgements, partial judgements and
overall merit., By comparing the results given by these
methods, conclusions may be drawn about their ability to
represent reliably subjective evaluations., The degree
to which all three sets of results correspond provides
an indication of the confidence which may be placed in
the techniques and in their ability to provide meaningful
and useful results. The final justification will lie in
whether or not what Bross (1953) has called the
pragmatic principle is satisfied: does it work?
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CHAPTER 5 EXPERIMENT ONE

561 Introduction

The primary aim of the first experiment was to try out and to develop
experience of the proposed experimental techniques: Saaty's 'priorit-
ization', the use of triadic comparisons to elicit attributes, and
hierarchical cluster analysis. Additionally it was hoped to find out
vhether lack of architectural training would prevent meaningful
results from being obtained with these techniques.

Six subjects took part. S1.1 and S1.2 were architects of more than
ten years experience in architectural practice, S1.3 and S1.kt were
students with first degrees in architecture, S1.5 and S1.6 were non-
architects, one an ergonomist, one a secondary school teacher. Each
subject was interviewed individually by the experimenter,

Attributes for the design of a school plan were elicited from the
subjects, and rated using scaled paired comparisons., The subjects
were then shown the existing school plans, and the method of triadic
comparisons was used to elicit attributes for evaluation. These
attributes were also rated using scaled paired comparisons., The

school plans were rated using scaled paired comparisons.

The designs being evaluated were alternative sketch plans for a two-
form entry primary school in Hertfordshire, which kad been designed in
the Local Authority offices. Each plan was drawn out on a 6" x 4"
card in a standard format using felt~tip pen. Rooms were labelled and

access entrances shown. An outline brief for the building was also

given.

5.2 Hypotheses

The experiment was designed to test a number of hypotheses. All are
expressed as null hypotheses. Additionally the experimental
techniques were evaluated for their ability to provide meaningful

results.

5201 Consistency and architectural experience

Hypocthesis 1 That there would be no significant correlation between
the internal consistency achieved in scaling paired
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Hypothesis 2

5.242

comparisons of attributes for design and the degree of
architectural experience.

That there would be no significant correlation between
the internal consistency achieved in scaling paired
comparisons of school plans and the degree of
architectural experience.

Numbers of attributes used in evaluation, and

Hypothesis 3

5.2.3

architectural experience

That there would be no significant correlation between
the number of attributes used in evaluation and the
degree of architectural experience.

Concordance between evaluations of school plans

Hypothesis 4

5.2.4

That there would be no significant concordance between
the subjects' overall ratings of school plans.

Overall rating of school plans, hierarchical cluster

Hypothesis 5

analysis and the use of an 'index'

That for each subject there would be no significant
difference between the overall rating of school plans
and the hierarchical clustering of school plans.,

Finally an attempt was made to obtain for each subject an index for the

school plans derived from the rating of attributes and the rating of

school plans with respect to attributes. The index for each plan was

compared with the overall rating of each plan.

5.3

Experimental Method

In order to test the hypotheses the experiment was organised as

follows:

1

Each of the six subjects (S1.1, S1.2, S51.3, S1.4, 51.5,
81.6) was shown an outline brief of a two-form entry
primary school. Each was asked to write down the six
attributes he considered to be important in the planning
of a primary school to satisfy the brief given., Each
attribute was copied onto a card. Each subject was
shown the numerical scale to be used in scaling paired
comparisons of attributes and told how to use it. All

possible fifteen pairs of attributes were shown in turn
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to the subject who rated them, using prioritization, in
terms of their relative importance in the planning of a
primary school. Each subject was also asked to give a

simple rank order of his six attributes for design.

2 Each subject was shown the six existing school plans
(figure 5.2 ). These were withdrawn and shown again to
him in threes. In these triadic comparisons each
subject was asked to separate out two of the three by
virtue of their sharing a cormmon attribute, from the
third which does not demonstrate this attribute. The
attribute and the similar pair chosen were recorded for

all twenty possible triads shown to each subject.

3 Each subject was shown all possible pairs of school
plans and for each pair asked to rate numerically how
well the better of the pair would function as a school,

using prioritization.

L ' Each subject used prioritization to rate the attributes
he had used in performing triadic comparisons of school
plans (i.e. attributes for evaluation), and also gave a

simple rank order of these attributes,

5 Taking each of their own attributes for evaluation in
turn, each subject ranked the school plans for their

performance with respect to that attribute.

Additionally S1.2 used prioritization to rate the plaus.
He scaled paired comparisons of school plans for their

performance with respect to each of his attributes for

evaluation,
5.4 Results
S.4.1 Consistency and architectural exverience ‘

Hypothesis 1 was tested by calculating Spearman's rank correlation
coefficient between the rank order of maximum eigenvalues achieved by
each subject in scaling paired comparisons of attributes for design

and the rank order of the degrees of architectural experience, Table 5.3
shows the data., The coefficient was found to be 0.271 which was not



significant (one-tailed test). The null hypothesis was not rejected.

Hypothesis 2 was tested by calculating Spearman's rank correlation
coefficient between the rank order of maximum eigenvalues achieved by
each subject in scaling paired comparisons of school plans and the
rank order of the degrees of architectural experience. Table 5.3
shows the data. The coefficient was found to be 0.157 which was not
significant (one~tailed test). The null hypothesis was not rejected.

5.4.2 Numbers of attributes used in evaluation and

architectural experience

Hypothesis 3 was tested by calculating Spearman's rank correlation
coefficient between the rank order of the number of attributes used
in evaluation and the rank order of the degrees of architectural
experience, Table 5.2 shows the data. The coefficient was found to
be 0,043, The null hypothesis was not rejected.

S5e4e3 Concordance between evaluations of school plans

Hypothesis & was tested by calculating Kendall's coefficient of
concordance between the six sets of ranks of school plans derived
from scaled paired comparisons. Table 5.4 shows the data. The
coefficient was found to be 0.368 which was significant (x = 0.05).
The null hypothesis was rejected.

S b Overall ratinz of school plans, hierarchical cluster

analysis and the use of an index

Hypothesis 5 was tested by comparing the overall rating of school
plans and the hierarchical clustering of school plans., Figure 5.1
shows the data. The following table gives a verbal estimate on a
four point scale 'high', f*medium', *low', 'no' of the correspondence
for each subject between the overall rating of school plans and the

hierarchical cluster analysis.

Subject

511 Medium correspondence. The worst plan (F) separated
out. The middle three plans (C, E, D) judged
similar,

$1.2 High correspondence. The best plan (C) separated out..

The worst three plans (B, E, F) judged similar. Second
and third plans judged between the first and last three.
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$1.3 Medium correspondence, The best two plans (C, D)
judged similar. The worst three judged similar.
Plan (E) added to the best two (note, if E and B,
which were rated almost exactly equal, had their
ratings reversed then the similarity tree would show
the best three and the worst three in two clusters).

S1.4 No correspondence.
S1.5 No correspondence.
51.6 High correspondence. The best plan (A) separated out,

The worst two (C, E) judged similar., The middle three
(B, D, F) judged similar.

The null hypothesis was not eatirely rejected.

In the case of S51.2 an index for each of the school plans.was obtained
by combining the partial judgements of attributes and of school plans
with respect to attributes using Saaty's technique, as described in
Chapter k., Table 5.5 shows the data, In the other five cases '
weightings had been obtained for attributes, but only a rank order
was available of the school plans judged with respect to each

attribute,

In order to obtain an approximate index, weights were attached.to the
school plans when they were judged with respect to each attribute.,
These weights were based inversely on the rank order. First the
schemes were allocated points in order of merit, six points to the
school ranked first, one point to the school ranked sixth. These
points were normalised by having their sum equal to unity. This gave,
generally, the following weights to the plans in descending order of
merit: 0.286, 0.238, 0,190, C.143, 0.095, 0,048, Tied ranks were taken
into account by being given equal points, while at the same time the
total number of points (21) remained the same. Broadly the assumption
being made is that the plans are weighted with equal distances between
them. To obtain the overall index for each plan these ‘'weights! were
multiplied by the weights of each attribute derived from prioritization,
and the products added. Table 5.5 shows the use of Saaty's method for
subject S1.2 who scaled paired comparisons of attributes and of school
plans with respect to each attribute. Table 5.6 shows as an example
the approximation used in this experiment to obtain an index for
subject S1.3. Table 5.7 shows the approximate indices for subjects
S1.1y 51.3, S1.4, S1.5, S1.6 and includes the index for S1.2 using
Saaty's method, |



The ratings given in tables 5.t and 5.7 are shown as subjective
evaluation profiles in figure 1. The comparison between the two
profiles shows to what extent the combination of partial Jjudgements
is equivalent to overall preference, that is, whether the present
experiment reveals the way in which overall preferences may be
accounted for by partial judgements., Although the results are not

precisely as expected there are grounds for some confidence.

The analyses of S51.2's judgements are closest to those expected in
that there is a close correspondence between the shapes of the two
profiles and the hierarchical cluster analysis of the similarity
judgements. The two Fank orders of plans (overall rank: C DA E B F,
rank derived from indices: C A D B E F) are slightly different. BEut
the detailed analyses of judgements help to show underlying
similarities. In all three analyses the most preferred plan, (C), is
separated out and rated highly. The worst three plans, (B, E, F), are
all clustered together and rated similarly. However by comparison with
the overall ratings the intermediate plans, (4, D), have their rank

orders reversed according to the indices.

For S1.3 the two subjective evaluation profiles have similar shapes
and the comparison between the overall rank (table 5.4t) and the
indices (table 5.7) showed that the most preferred plan, (D), and the
least preferred plan, (F), were the same in each case., A similar
result was found in the case of S$1.5; the two subjective evaluation
profiles have similar shapes and the least preferred plan, (A), was
the same in each case, while plan C scored highly in each case.

The other subjects! results are less encouraging in this respect.

5.5 Discussion of results

This experiment was meant only to be a pilot study. The small number
of subjects and the organisation of the experiment barely warrant the
drawing of inferences from the results. Nevertheless the results

provide indications of the possible worth of experiments of this type.

The result of testing hypothesis 1 suggests that architectural experience
is not essential to performing consistent judgements about attributes
for school planning., There was no correlation between consistency and

architectural experience. The result of testing hypothesis 2 suggests
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further that architectural experience is not essential to performing
consistent judgements of school plans. From these two results it
seems that the techniques being employed, particularly the use of
Saaty's prioritization, do not necessitate subjects with architectural
training. Similarly in the triadic comparisons even those with no
architectural training had no difficulty in making similarity

judgements among plans.

The result of testing hypothesis 3 is an important one. The maxirum
number of attributes for evaluation which any subject could have used
was twenty (i.e. the number of triadic comparisons). It may be
concluded that no respondent was restricted by the method to fewer
attributes than he would otherwise have considered. The'average
number of attributes used was 6.667, a figure in line with the
number of attributes for design initially chosen, and strongly

supportive of the use of this number of attributes as described in

"".3¢'

The result of testing hypothesis 4 shows that there was significant
agreement between the ranks (derived from scaled paired comparisons)
of the school plans given by the six subjects. As there is agreement
the six sets of judgements may be combined to discover the group's
overall preferences, This is done by adding the ranks given to each
plan in table 5.k, This gives an overall preference for the group:
D, B and C equal, A, E, F. '

All these six plans are generically similar, particularly in the
assembly hall position and classroom arrangements; they give the
appearance of having been prepared by one architect (unfortunately the
history of the plans is not available), The differences between the
plans are differences not of dramatically different value systems in
their generation; rather they seem to represent a gradual refinement
of the same basic idea., For these reasons when they are evaluated the
evaluators are not only evaluating them for the different value
systems they manifest, but also for the different levels of skill they
exhibit in their execution. This seems the most probable explanation

for the sigrificant level of agreement between the judges.

This pilot study was intended essentially to provide experience of
using the proposed experimental techniques, and to ascertain their
ability to give meaningful results. The methods of using paired
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and triadic comparisons to elicit and to rate attributes proved to be
highly effective. They enable four hypotheses to be tested formally.
Comparison of the results of performing hierarchical cluster analysis
on the similarity judgements of plans with the weighted rank order
derived from paired comparisons of plans was not an ungualified
success but was nevertheless encouraging. The attempt to derive an
index from the weights of attributes (using Saaty's prioritization) and
the weights of plans with respect to each attribute (using Saaty's
prioritization) was successful with the one architect who performed
the full range of necessary judgements, There was less success with
the other subjects when the weighting of plans with respect to each
attribute was based only on the ranks, though the results were not
totally discouraging.

The experiment was conducted with each subject individually under
informal conditions at the experimenter!s workspace, at the
experimenter®s home and in two cases at the subjects' homes. The
impact of these varying conditions on the results is not easy to
assess. However the maximum eigenvector, or internal consistency
measure, is a valuable indicator of the underlying rationality with
which the judgements are being made. The fact that some meaningful
results have been achieved in this experiment is an encouraging sign
and the results are sufficiently worth while for these techniques to

be used again with greater control of the experimental conditions.
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Table 5.1
Sub~ Attri-
ject bute
S1.1 a

b

c

d

e

f
S51.2 a

b

c

d

£
S1 03 a

b

c

d

e

Description and rating of attributes for school plan

design

Eigen~ Description of attribute
vector

278 Friendly interior environment (colours,
furniture, etc)

}.205_ Natural daylight and veantilation in classroonms

and dining room

156 Flexible use of teaching areas - including hall
and dining roon

203 Quiet area for activities disturbed by or-
producing noise (music, concentrated work, use
of video equipment, etc)

«103 Separate access for services (delivery), small
through traffic in teaching areas and library

056 Space for changing/washing before/after physical
exercise/external play

A27 Orderliness

« 307 Clear circulation pattern

.083 Daylight

LOl2 Sensible disposition of service/serviced
functions (e.g. kitchen, wc's, ete)

.065 Clear entrance arrangements (people, vehicles)

077 Sensible orientation

132 Internal circulation
122 Separation of teaching areas and service areas

264 Relationship of various spaces to the site -

120 Main entrance « relationship to site and rest of
school

137 Flexibility

225 Organisation and grouping of spaces based on

organisation of school
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Sub~
ject

S1.4

51.5

S51.6

Attri-
bute

o & O O

Eigen=-
vector

. 104
«135
301
«165
-090

«»205

.180

.197
104
«179

115

.226

.290
«138

.019
.028

«100
L25

Description of attribute

Site geometry/access/orientation

Building cost

Running/maintenance cost - energy/labour costs
System building = probability of reproduction

Degree of isolation of spaces ~ variation and
spatial zoning

Style - historical perspective

Position of classrooms for ease of access for
administration and teaching staff, No rooms to
be out on a limb,

Toilet, cloakroom and washing facilities to be
adequate and, ideally, near to each classroom.

Administration block and staffroom near main
entrance but part of school.

Classrooms should have one window facing south ~
and should have plenty of window space.

Dining facilities - kitchen and dining room
should adjoin and be slightly apart from the
main body of the school.

Hall should be central and easily accessible
from all roons,

Room sizes and facilities to comply with all
regulations.

Clear separation of children and staff/service
areas for noise and safety reasons.

Exterior of building inviting and friendly.

Views from interior designed to take advantage
of views onto playing fields and exterior features.

Interior bright, exciting, cheerful and colourful.

Position and size of windows for daylight, heat
loss, glare.
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Table 5.2 Description and rating of attributes for evaluation of
school plans

Sub~ Attri~- Eigen~ Description of attribute

ject bute vector
S1.1 a 048 Relationship of classroom to library
b 107 Dining room = natural light and ventilation
c .086 Compactness
S a <104 Access to external play area
e .026 Courtyard position
f 194 Orientation of classroous
g .182  Circulation ’
h «109 Position of classrooms
i .09 Relationship of entrance to library
3 .096 Divided classrooms
51.2 a L9 Orderliness
b o322 Clear circulation
c ,078  Daylight
a «071 Entrance arrangements
e .080 Sensible orientation
51.3 a 145 Formal organisation and ordering principles
b 554 Grouping/dispersal of classes
c 233 Access to classes
d .067 Service areas grouping
S1.4 a .38 Iocation of entrance and delivery
b <204 Arrangement of hall/dining room/kitchen
c A2k Logic of geometry and zoning
d .038 Length of external wall
e 107 Entrance planning
£ .058 Direct access between hall and classrooms
g . 032 Courtyard size and location
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Sub=-
ject

51.5

S1.6

Attri-
bute

a

PR H o0 & 0 T

o £ 0 o P

Eigen=-
vactor

«292

Koy
101
162
«170
.030
.01
129

147
.108

-107
240

<347

.051

Description of attribute

Orientation of classrooms -~ south facing for
sunlight

Relationship of entrance to library
Compactness

Dining room and kitchen away from classrooms
Dining area - daylight and natural ventilation
Orientation of entrance

Entrance separated from service delivery

Integration of administrative offices into main
part of school

Delivery away from classrooms
Delivery away from entrance
Administration near delivery
Crientation of classrooms for sunlight

Administration offices isolated from classroom
(for noise)

Administration offices near hall
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Table 5 03

Consistency achieved in scaling attributes

Subject Attrivutes Attributes School plans
for design for evaluation
Amax Number | Amax Amax
used
51.1 6.246 10 10.843 6.167
$1.2 6.527 5 5.537 6.976
51.3 6.638 L 4,338 6.278
S51.4 7.064 4 7.563 ?2.246
$1.5 6.192 8 9.169 6.779
51.6 9.114 6 6.647 6.489
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Table S.lt

ranks and coefficient of concordance (W)

Overall rating of school plans: eigenvectors derived from paired comparisons, corresponding

Plan | Eigenvectors Ranks W Significance
S101 | 812 | 8123 | S1.5% | 81.5 | 81.6 | 81.1 | 81.2 | §1.3 | 81.4 | 1.5 | 81.6 level

A .108 | 4182 | .115 | .311 | .059 | .580 |5 3 5 1 6 1

B $318 | OO | .122 | L160 | J3B2 | L1071 |1 5 3 3 1 3

C o132 | 0392 | 277 | 297 | 246 | JOSH | 4 1 2 2 2 5 0.368 | .05

D »158 | 2281 | ,307 | .098 | .179 | .117 |3 2 1 L 3 2

E .228 | 080 | .121 | .086 | .080 | .O48 |2 L L 5 5 6

F 057 | 02k | ,058 | .O48 | .090 | ,100 |6 6 6 6 L L




)

Table 5.5

Rating of attributes and rating of school plans with respect

to each attribute, given by subject S1.2

Attri- | Weight- |Plans
bute ing of
attri-
butes A B ] D E F
a L9 .366 «120 «309 115 .052 .038
164 e .139 .052 .023 .017
b 2322 276 .40 15 .156 084 .031
.089 013 «113 050 +027 +010
c 078 371 217 140 .176 .050 LOk6
+029 017 «0M1 014 el 004
d .071 .095 .167 .286 .167 .238 048
»007 012 .020 012 .017 .003
K .080 LOl6 Ol «315 «309 .186 .103
-00% .003 .025 025 | .015 .008
INDEX «293 -009 .308 «153 .086 LOU2
Note: The figures in the top left cormers of each entry.represent the relative

weighting (normalised eigenvectors) of the school plans judged with respect

to each attribute.
represent this relative weighting multiplied by the relative weighting of
the attribute.

The index is the sum of these products for each plan,
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Table 5.6

Rating of attributes and rating of school plans with respect

to each attribute, given by subject S1.3

Attri- | Weight- |Plans
bute ing of
attri-
bute A B c D E F
a 45 .238 43 .286 .190 .095 048
.035 .021 «O41 .028 L0k 007
b 554 .286 - A3 .190 .233 .095 JO43
.158 .079 . «105 .132 .053 027
o 233 |.095 43 .238 .286 .190 LO48
.022 .033 .055 067 o Ol .011
d 067 .286 143 .238 «190 .095 LOU8
.019 .010 016 .013 .006 .003
INDEX 234 43 .217 2ho 117 048
Note: The figures in the top left corners of each entry represent the relative

weighting of the school plans derived from their rank order judged with

respect to each attribute.

The figures in the bottom right corners of each

entry represent this relative weighting multiplied by the relative weighting
of the attributes.
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‘Table 5.7

Overall rating of school plans: indices

Plan | Subject
Indices Ranks
S1.1 | 81.2 | 81.3 | S1.4 | 81.5 [ 51.6 | S1.1 | 1.2 | 1.3 | $1. | $1.5 | 81.6
A 2226 | .293 | 234 | 264 | .085 | .162 |1 2 2 1 6 3
B «187 | 4099 | 143 | .127 | 2170 | L1k |3 b L 5 b 5.5
C «205 | .308 | .217 | .203 | .215 | .205 | 2 1 3 2 1 2
D o112 | 153 | .240 | 202 | 204 | 248 | 6 3 1 3 2 1
E .123 | .086 | .117 | .152 | .189 | .157 | 5 5 5 b 3
F 45| 02 | LO8 | L0535 | L136 | Sk [ B | 6 6 6 5 5.5
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Figure 5.1 Comparison between each subject's similarity
judgements of school plans, the weighting given in overall
evaluation and the additive utility model indices.
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Figure 5.1 continued
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Figure 5.2 The six school plans

The following six pages show the school plans used in Experiment One.
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CHAPTER 6 EXPERTMENT TWO

6.1 Introduction

Experiment One showed the potential usefulness of Saaty's prioritization
and hierarchical cluster analysis in the evaluation of designs, and an
the eliciting and rating of attributes. The second experiment makes
use of prioritization of attributes in a design context, to elicit
designers! priorities. The attempt is made to measure changes in
designers! priorities caused by the design process, and to try to find
out whether the internal consistency with which attributes are rated

is improved as a result of the design process. Additionally the

design solutions are evaiuated subjectively by the designers themselves,
and by independent judges. An attempt is made to discover whether each
designer's stated priorities can be observed and measured in his

design solution. Hypotheses are also tested about levels of agreement

between the evaluations.

For this exercise graduate students of architecture were used as

subjects; these were fourth year students at the Liverpool School of
Architecture in the first year of the two year BArch course. All had
completed a three year undergraduate course and one year of practical

training.

A one week design exercise was used as a vehicle for the experiment,
The brief (appendix 6.1) was to design a two man Coast Guard Station
for mass production., The time-~table (appendix 6.2) allowed half a day
for background investigation by groups of students, one day for design
work, and the remainder for an introduction, a feedback session from
the groups' investigations, sessions for the scaling of attributes,
assessments of the schemes, and a concluding discussion about the
results.

In addition to being an exercise concerned with design method it was
also an exercise for learning about glass reinforced polyester (grp)
technology. In that context and for tﬁe purposes of the experiment,
four aspects of the technology were agreed upon jointly by the

xperimenter and two tutors as being suitable as foci for the back-~

ground investigations and to serve as attributes for design and
evaluation. '
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The reasons for this were several., First they enabled the year to be
divided conveniently into groups for undertaking the background
investigations. Second common attributes could be discussed explicitly
80 that each person would have a common basis for making judgements.
Third because all subjects were éharing the same attributes, the
paired comparison technique could be performed with the whole year
similtaneously; attempting to do it individually would have been

excessively time consuming.

6.2 Hypotheses

The experiment was designed to test a number of hypotheses. All are
expressed as null hypotheses.

6.2.1 Correlations between the ratings of attributes before

and after design

Hypothesis 1 That for each subject there would be no significant
difference between his rating of attributes before
design compared with his rating after design.

Hypothesis 2 That there would be no significant concordance between
the ratings of attributes before design.

Hypothesis 3 That there would be no significant concordance between
the ratings of attributes after design.

6.2.2 _ Internal consistency in prioritization before and after

desismn

Fyvpothesis & That there would be no significant differences between
the internal consistency achieved in prioritigzatioa of
attributes before design compared with after design.

Hypothesis 5 That internal consistency achieved in prioritization of
. attributes would not improve as a result of performing
prioritization, inconjunciion with the design process.

Hypothesis 6 That internal consistency achieved in prioritization of
attributes would not improve as a result of performing
prioritization and being given the results, in
conjunction with the design process.’

6.2.3 Effect of performing prioritization on desigsn performance

Hypothesis 7 That performing prioritization of attributes would not
improve the subjects' design performance.,

Hypothesis 8 That performing prioritization of attributes and being
: given the results would not improve the subjects' design
performance.
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6.2.4

Consistency and design performance

HBypothesis 9

6.2.5

That there would be no correlation between the total
average score achieved by each designer's scheme and
the internal consistency measure he achieved in
prioritization of attributes.

The relationship between intentions and achievements

Hypothesis 10

6.2.6

That the rating of attributes by each designer would
not be correlated with the average scores his design
scheme received with respect to each attribute,

Concordance between evaluations of schemes

Hypothesis 11

Hypothesis 142

Hypothesis 13

Hypothesis 14

6.3

That there would be no significant concordance within
the evaluations of design schemes with respect to each
attrivbute.

That there would be no significant concordance between
the evaluations of design schemes with respect to
different attributes.

That there would be no significant concordance among
the tutors! evaluations.

That there would be no significant correlation between
the students! evaluations of the schemes and the
tutorst evaluations.

Experimental Method

In order toc test the hypotheses the experiment was designed as follows:

1

Four aspects of the design problem were agreed by
tutors and the experimenter as being the foci of the
study., The four were:

a structural proverties of grp, including such factors
as the sizes of the members, anchorage and wind,
site conditions and fixing;

b manufacturing reguirements, including such factors
as the size of the mould, the method of lamination,
and the jointing of materials;

¢ envirommentsl asvects, including such factors as
heat loss and condensationg;

d irnterior fixtures and fittinsgs, including such factors
as plumbing, wc's and equipnent.

The subjects were divided into four groups for the
purposes of the background investigations. Group A

studied aspect a, group B studied aspect b, and s0 on.
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10

At this stage subjects were not advised of the

groupings.

The subjects were also. divided into three teams X, Y
and Z in such a way that each of these teams contained
an egqual number of members of groups A, B, C and D.

Figure 6.1 shows this division in diagramatic form
The brief was handed out.

Members of teams X and Y made judgements of paired
comparisons of the four attributes a, b, c, 4 described
above, using Saaty's prioritization. All four were
first displayed on a board. The numerical scale to be
used in making jJudgzements was also displayed. The
board showing all four attributes was removed and the
subjects were shown all possible pairs of attributes in
turn. The experimenter kept each pair on display until
each subject had written down his weighting. The
subjects were shown again the board describing all four

aspects and were asked to give a simple ranking of them.

Members of team X were given feedback of the results of
their scaled paired comparisons. They were shown the
normalised eigenvectors and the maximum eigenvalues of
their judgements, and the meaning of these was explained
to then.

The subjects made background investigations into the
aspect of grp to which they had been allotted; see

section 2 above.

Each group in turn gave a presentation of the findings
of the background investigation. The presentation
comprised at least one A1 sheet of drawings and notes,

supported by a verbal description.

The subjects then designed their schemes, All worked

individually.

A1l schemes were exhibited in the studio. Each scheme
was allocated a number, and the number pinned over the
subject's name. The schemes were numbered at random

from 1 to 26 in order to reduce the ability of the
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1

12

subjects when evaluating to know whose scheme was

which., Although it may be argued that each individual's
drawing style would be recognised by his contemporaries
it was felt by the experimenter first, that it was
likely that not everyone would recognise everyone
elsets style even if they did recognise several close
friends!' and two or three distinctive styles; second
that even this very modest degree of anonymity would
give the evaluators some personal degree of separation
from their contemporaries and allow them to rationalise
to themselves that they did not know whose scheme they
were marking even if they were almost certain that they
did know. It is rare, at least at liverpoocl, to allow
students to mark each other's work, and these very
modest precautions were taken because of its novelty.
The hope was that because the scheme was associated
with just a number and not a person's name, it would
be judged simply as submitted, uninfluenced by the

designer's past performance or reputation.

All the subjects repeated prioritization of the four
attributes by scaling paired comparisons as described

above.,

The designers now became evaluators and marked all the
schemes, The scale for marking was fully specified in
order to increase inter-evaluator reliability and in
order to avoid preconceived notions of the narrow band
of harking commonly associated with undergraduate
assessment, Appendix 6.3 describes the scale. (The
use of paired comparisons would of course have been
impossible.) Each evaluator marked the schemes for
their performance on the particular attribute into
which that evaluator as a designer had been responsible
for undertaking beckground investigation. Thus members
of group A marked the schemes for their performance on
attribute a, members of group B on attribute b, and so

on.
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13 Three independent tutors who had not previously been
involved scaled paired comparisons of the four

attributes.

1h These three same tutors gave each design scheme an
overall mark using the same scale as the student

evaluators had used.

15 On the last afternoon a review was held to discuss some
of the results. These comprised those which the

experimenter was able to calculate at the time.

16 Summary

The experiment may be summariéed thus:

Before designing:

i Members of team X scaled paired comparisons of
attributes and were given feedback of their
results.

ii Members of team Y scaled paired comparisons of
attributes but were not given feedback.

iii Members of team Z were not involved in this
stage.,

After designing, 21l subjects performed priorit-
ization of attributes.

In evaluation:

i Each subject marked every scheme for its
performance with respect to the particular aspect
of the desigm problem (a, b, ¢ or d) to which he
had been allocated initially.

ii Three tutors performed paired comparisons of the
four attributes a, b, ¢ and d.

iii The three tutors marked the schemes for overall

performance,
6.4 Results
6.4.1 Correlations between the rafings of attributes before

and after design

Hypothesis 1 was tested by comparing the rank order of attributes
computed from each designer's scaled paired comparisons before and
after design. This comparison can be made for members of teams X and'
Y. Table 6.2 shows the data. For significant correlation between two

sets of ranks using Spearman's rank correlation coefficient when there
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are four items being ranked, there must be no differences

between the ranks, Of the seven members of team X all but one changed
their rating of the four attributes. Of the seven members of team Y
all but one changed their rating of the four attributes. The null
hypothesis was not entirely rejected but there is evidence to suggest
that a high proportion of designers change their priorities as a

result of the design process.

Hypothesis 2 was tested by calculating Kendall's coefficient of
concordance between the sixteen sets of ranks of attributes before
design, Table 6.2 shows the data. The coefficient was found to be
0.329 which was significant (o= 0.01). The null hypothesis was

rejected.

Hypothesis 3 was tested by calculating Kendall's coefficieht of
concordance between the twenty sets of ranks of attributes after
design., Table 6.2 shows the data. The coefficient was found to be
0.332 which was significant (o= 0.01). The null hypothesis was

rejected.

6.2 Internal consistency in prioritization before and after

design

Hypothesis 4 was tested by calculating Mann-Yhitney's U between the
neximm eigenvalues (internal consistency measures) achieved in
scaling paired comparisons of attributes by members of team Z who
rated attributes for the f{irst time after designing, with those

" achieved by members of teams X and Y before design. Table 6.2 shows
the data. U was found to be 27 which was not significant. The null

hyvothesis was not rejected.

Hypothesis 5 was tested by calculating Mann-Whitney's U between the
maximum eigenvalues achieved in scaling paired comparisons of attributes
by members of team Y before and after design. Table 6.2 shows the data.
U was found tc be 19.5 which was not significant. The null hypothesis

was not rejected.

Hypothesis 6 was tested by calculating Mann~Vhitney's U between the
maximum elgenvalues achieved in scaling paired comparisons of attributes
by members of team X who performed prioritization before and after
design., Table 6.2 shows the data. U was found to be 20 which was not

significant. The null hypothesis was not rejected.
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6.3 Effect of performing prioritization on design performance

Hypothesis 7 was tested by calculating Mann-Whitney's U between the
total average mark with respect to the four attributes (excluding
tutors' marks) by the schemes designed by the members of team Y who
performed prioritization before design, and the total average mark
received (excluding tutors! marks) by the schemes designed by the
members of team Z. Table 6.6 shows the data. U was found to be 21
which was not significant. The null hypothesis was not rejected.

Hypothesis 8 was tested by calculating Mann-Wﬁitney'S~U'between the
total average mark with respect to the four attributes received
(excluding tutors' marks) by the schemes designed by the members of
team X who performed prioritization before design and the total
average mark received (excluding tutors! marks) by the schemes
designed by the members of team Z. Table 6.6 shows the data. U was
found to be 36 which was not significant. The null hypothesis was

not rejected.

6.5 Consistency arnd design performance

Hypothesis 9 was tested by calculating Spearman's rank correlation
coefficient between the ranks of maximum eigenvectors achieved by each
subject in scaling paired comparisons of attributes after design, and
the ranks of the total average mark his scheme was given by the
assessors (excluding tutors).- As there were no significant differences
between the maximum eigenvectors before and after design the
hypothesis was tested using the results of all twenty subjects who had
rated attributes after design. Table 6.5 shows the data. The
coefficient was found to be =0.169 which was not significant (one-

tailed test). The null hypothesis was not rejected.

6.4.5 The relationship between intentions and achievements

Hypothesis 10 was tested by comparing the rank order of attributes
computed from each designer's scaled paired comparisons after design
with the rank order of average scores awarded to his scheme with
respect to each attribute. Table 6.2 shows the rank order of
attributes, table 6.3 shows the marks awarded to design schemes and

table 6.4 shows the average mark awarded with respect to each
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attribute, For significant correlation between two sets of ranks
using Spearman's rank correlation coefficient when there are four
items being ranked, there must be no differences between the ranks,

Of the twenty subjects' results compared, only two, S2.5 and S2.8
showed éignificant correlations between the two sets of ranks. Two
additional alternative ways of testing this hypothesis were also
tried. First each assessor's scores were 'normalised'. The mean and
standard deviation for each assessor were calculated, and each score
expressed using the formula (score ~ mean)/standard deviation. This
was an attempt to cancel the effects of the judges using the specified
scale differently from one another. For each attribute the
normalised scores of each design scheme were added and then divided by
the number of assessors to give an average normalised score, The rank
order of attributes computed from each designer's scaled paired
comparisons after design was compared with the rank order of average
normalised scores awarded to his scheme with respect to each attribute,
In only one case (S2.5) out of twenty was there significant corfelation
between the two sets of ranks, The second additional altermative
entailed drawing the profiles of weighting of attributes computed from
'each designer's scaled paired comparisons, and the profiles of the
average scores awarded to each designer's scheme; in the expectation
that visual comparison of the two profiles would reveal correlations.
Figures 6.2 and 6.3 show these profiles. Perhaps the most conspicuous
point to emerge from the profile of average marks awarded to each
scheme is the tendency for each scheme to score approximately equal
margs with respect to each attribute. This remains true for both good
and weak schemes, for example, schemes F and L, and schemes A and G.
The only conspicuous exception is schemé U which scored well with
respect to attributes a and b, but poorly with respect to attributes

c andvd. The profile of the relative weighting of attributes on the
other hand indicates that the designers did not rate the attributes
approximately equal, with the exceptions of S2.11 and S2.17. None of
the three means of testing hypothesis 7 gave expected results. The

null hypothesis was not rejected.

6.4 6 Concordance between evaluations of schemes

Hypothesis 11 was tested by calculating Kendall's coefficient of

concordance between the ranks of marks awarded by assessors with
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respect to each separate attribute, that is, within each group.
Table 6.3 shows the marks awarded tabulated according to attributes
_ (groups). Table 6.7 shows the coefficients of concordance with
respect to each attribute (within each group). In all four groups
concordance was highly significant. The null hypothesis was

rejected.

Hypothesis 12 was tested by calculating Kendall's coefficient of
concordance between the ranks of marks awarded by assessors between
groups. Table 5.7 shows the coefficients of concordance. In all

cases concordance was highly significant. The null hypothesis was

rejected,

Hyvothesis 13 was tested by calculating Kendall's coefficient of
concordance between the ranks of marks awarded by the three tutors.
The coefficient was found to be 0,649 which was significant at the
0.01 level. The null hypothesis was rejected.

Hypothesis 14 was tested by caleulating Spearman's rank correlation
coefficient between the ranks of the total average marks with respect
to the four attributes received by each scheme and the ranks of the
total marks awarded by the three tutors. Tables 6.3 and 6.4 show the
data. The coefficient was found to be 0.689 which was significant at
the 0.01 level (one-tailed test). The null hypothesis was rejected.

6.5 Conclusions

The result of testing hypothesis 1 is indicative that a high
proportion of subjects who took part in this experiment changed
their rating of priorities during the experiment. It seems probable
that the change was caused by the design process. However it may be
the case that priorities do change over time for no apparent reason,
and subsequent exveriments 3, 4 and 5 attempt to explore this
vossibility.

The result of testinz hypotheses 2 and 3 were slightly surprising in
that it had been exvected that designers Qould differ in the attributes
they value, and that these differences would account, in part, for
differences in their design schemes. That they account only in part
is because the four cormon attributes were decided by the tutors

rather than individually by students. Nevertheless while these
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attributes do not necessarily represent the main objectives of each
designer, the relative weightings of the attributes by the designers
give an indication of their relative priorities among given attributes.
Furthermore while there is significant agreement between the designers!
ranks of the four attributes, there are many differences when the

weights attached to the attributes are taken into account, as shown in

figure 6.2.

As the designers' priorities may change during the design process, it
was expected that before they began designing, a flexible approach to
their priorities would manifest itself as inconsistency in scaling
paired comparisons of attributes before design, and that these
inconsistencies would be resolved during the design process. According
to the results of testing hypothesis 4 there is no evidence to support

this belief.

The results of testing hypotheses 5 and 6 show that consistency in
scaling paired comparisons of attributes was not improved through
having performed prioritization in conjunction with the design
process, with or without being told the weights of attributes and the

degree of internal consistency.

The results of testing hypotheses 7 and 8 show that the performance of
the designer, as measured by the marks awarded to his design scheme,
was not improved through having performed prioritization in conjunction
with the design process, with or without being told the weights of
attributes and the degree of intermal consistency. Like the previous
results (of testins hypotheses 5 and 6) these results are not really
surprising. With reference to the work of Abercrombie, discussed in
1.1, it is clear that in her work to encourage decision-makers to
become aware of the factors which influence their judgements, she

spent a wvhole term teaching the degree of self~-awareness necessary for

measurably improved judgements to be made,

While internal consistency in scaling paired comparisons of attributes
was generally good (as shown in table 6.2) it had been expected that
consistency might be correlated with design ability (as measured by
the total average score awarded with respect to each attribute). The
result of testing hypothesis 9 shows that this was not the case. A
possible explanation is that good designers tend to keep a fairly

flexible view of priorities, though as the rank correlation coefficient
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was near zero there is no indication that design ability is inversely

correlated with internal consistency among judgements.

The result of testing hypothesis 10 was a disappointing one. It had
been hoped that correlation could be found between the designer's

rating of attributes or intentions, and the marks awarded to his

scheme with respect to each of the four attributes, that is, his
achievements. The first way of testing this hypothesis seemed the most
likely to show the expected results but did not in fact do so.
Normalising the scores awarded to each scheme attempted to cancel the
differences between each assessor's use of the scale for marking. In a
sense this is a self defeating procedure because the whole voint of
specifying the scale fully was to be able to compare the marks awarded
with respect to the different attributes. TFor example, many designers
rated attribute *d' least important of the four, It would be expected
therefore that their schemes reflect this low rating and in turn that
the marks awarded with respect to attribute 'd' be relatively low.
Normalising the scores cancels out any such occurrence, But in any

case the expected correlations were not found. Comparing profiles of
intentions and achievements (figures 6.2 and 6.3) was another alternative.
The tendency has already been noted that each scheme scored approximately
. equal marks with respect to each attribute, If designers had rated the
attributes approximately equal then the lack of correlation between
intentions and achievements could be more readily understood; Spearman's
rank correlation coefficient would be an unsuitable measure for
discriminating between ranks which are approximately equal. However ﬁs
figure 6.2 shows the weichts ascribed to the attributes by each

designer varied considerably, with the exceptions of S2.11 and S52.17

who rated all the abtributes equal. There was no equivalent variation
in the marks achieved by the schemes, and the expected correlations were

not found.

The shapes of the profiles of marks awarded, particularly the scoring
of approximately equal m2rks with respect to each attribute, are
reflected in the results of testing hypotheses 11 and 12. They
confirm that the assessors within each group were in agreement about
the relative merits of the schemes with respec£ to each separate
attribute., They also confirm that when the ranks of marks awarded by

two or more groups were combined there was still highly significant
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concordance. Thus schemes which scored well with respect to one

attribute also scored well with respect to the other three.

The results of festing hypotheses 13 and 14 come as no surprise in
view of the above results. As there was agreement about the relative
merit of each scheme between the student evaluators, even when they
were marking with respect to different attributes, it would be
expected that there be concordance among the three independent
assessorse, 1t would also be expected that there be correlation

between the students'! assessments and the tutors'! assessments. Both

proved to be true,

The results of testing hypotheses 12, 13 and 14 were not entirely in
accordance with the tentative theory developed in chapter 2. The
theory suggested that designers would differ in the attributes they
value, that these differences would manifest themselves in the design
schemes, and that in evaluation different schemes would score well

. with respect to the attributes most valued by the designer, and not so
well with respect to less highly valued attributes. These expectations
have not been borne out in this experiment. A probable explanation may
be postulated in terms of the existence of a confounding variable,
which was not controlled in the evaluation phase of the experiment. No
control was exercised over the guantity of information which the
drawines conveyed. Cakin (1976) has shown how information additional
‘to basic vlans, sections and elevations may cause convergence among
judgemeats. If the desicn schemes varied in the emount of information
they conveyed this would probk=ably account for the recorded level of
concordance among the judgements, WNeither was control exercised over

drawing style. It appears essential in future experiments to control

these variahles.

Finally a note must be made about the organisation of the experiment,
Cwing to factors beyond the experimenter's control, not everyone was
present for all the sessions. TFor example, although there were
twenty~six schemes submitted there were only nineteen student

asgesscers. Grouvs contained different numbers of students respectively.
Teams contained different numbers of students respectively too. A
certain amount of juggling with the figures has therefore been
necessary. The tables show this juggling explicitly and it can only

be hoped that the results have not been impaired by the lack of
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control. The converse argument is that excessive control over student
attendance might have caused the results to suffer, There is a sense
in which this one week exercise, although the subject of a controlled

experiment, has been conducted in the way that most design exercises
are conducted,
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Table 6.1 Allocation of subjects into Teams and Groups

Subject Team Group

52.14
52.2
52.3
S2.4
52.5
52.6
52.7
52.8
52.9
52,10
52.11
52.12
82.13
S52.14
52,15
52.16
52.17
52.18
52.19
82,20
$2.21
S2,.22
S2.23
S2.24
52.25
52.26

* | > ||| T >

N NN N N DP9 DN DY DS P P | P PE] PE] kDN

WlQulxig|l|lQigaig|lg/g|Q|l»| W|lw|lg| B Qg

* 52,6 was not allocated to a group
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Table 6.2 Ranks of attributes derived from scaled paired
~ comparisons before and after design, and associated

consistency measures

Before design After design
Subject | Ranks Ranks
a b c da Amax a b c d Amax

S2.1 - - - -~ - - - - - -
$2.2 b 1 2 3 8.156 | 2 1 L 3 k943
S2.3 3 2 1 L 5.733 | 1 2 3 4 4.319
S2.h 2 1 3 L 4b.119 | 1.5 | 1.5 | & 3 4,155
52.5 1 3 2 b L6283 | 1 2 3 L 4,621
S2.6 b 2 1 3 k.10 | - - - - -
82.7 L 1.5 |1 1.5 | 3 4,050 | & 1.5 | 1.5 | 3 L .006
S2.8 - - - - - 1 3 2 L L, 033
52.9 3 1 2 4 h.igg | 2 1 3 b 4,735
52.10 - - - - - 3 2 1 4 4,321
52.11 2.5 | 2.5 | 2.5 | 2.5 | k.000 | 2.5 | 2.5 | 2.5 | 2.5 | 4,000
52.12 - - - - - 1 3 2 b 8.568
S2.13 2 1 3 b L,517 | 1 2 3 4L k637
S2.1% | 1.5 | 1.5 | 3 L bo1sh | 1 2 3 L L 349
52,15 - - - - - & 1.5 | 1.5 | 3 b Olk
82.16 2 1 by 3 k226 | 3 1 2 L 4,084
52.17 2 3 1 L L4143 | 2.5 | 2.5 | 2.5 | 2.5 | 4,000
$2.18 1 3 b 2 6.136 | 1 L 3 2 4,359
52.19 - - - - - 1 3 2 L 6.432
52,20 3 1 2 L 5.016 | - - - - -
52.21 - - - - - 3 1 2 4 4.532
82,22 - - - - - - - - - -
$2.23 - - - - - - - - -
52.24 3 2 1 b4 L,sRk | 2 1 3 L L, 742
S2.25 1 2 3 L 4,228 | 1 3 2 4 4,097
52.26 - - - - - - - - - -
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Table 6.3

Marks awarded by evaluators, tabulated according to attributes with respect to which marks were awarded

g ® | Evaluators _

EE attribute a attribute b attribute ¢ attribute d Tutors

A @ |s2.3 |82.5 |52.13(S2.2 [S2.4 (52,9 |S2.11(52.12[52.8 | 52.74[52.18|52.25|52.7 [52.10|52.15|52.16(52.17 [S2.19| s2.24(T1 |T2 |T3
A 1 12 b |5 9 5 7 6 6 1 7 6 110 5 5 2 > 15 b SRR
B (17 1% 116 117 |13 9 |14 (10 8 b 116 |10 8__ 112 8 9 M2 115 |12 (16 | 9 |12
c__ 116 b 8 115 |16 3 9 ? 8 1110 8 |10 9 8 6 10 |10 |15 6| 6| b
D L b 9 3 9 8 [16 |13 7 3 |10 |11 15 |12 |15 5 9 110 |42 |11 {13 | 7
E |10 |16 9 8 6 15 |17 8 8 L 112 |11 |10 9 4 5 L 110 b 6| 8
F_ 115 4% 115 |11 118 |15 |18 7|12 8 |17 |15 |15 (12 |43 (16 16 |10 |15 |20 {10 |11
G__ 11 1 b ? L 3 |12 8 6 L 6 8 |12 5 1 5 2 3 b 34| &
H 9% 116 |11 |11 9 11 113 |13 16 3 118 9 |12 |10 2 |1k 3 115 3 818|153
I 12 11 [+ 10 116 12 16 11 (12 {13 (17 (13 115 [17 2 14 b 15 "1k 8 (13 115
I e VA e I 5 8 |1 % 110 {10 7 9 8 |12 |10 |13 8 8 12 115 91716
K 118 19 15 117 (17 (18 |15 |tk |12 10 |11 ?7 115 112 14 b 115 115 {17 (17 | 5 [16
L |18 9 |12 13 |16 9 |12 [12 |12 6 117 [1% 1% [15_ |12 9 9 115 _[16 8 | 7 &
Mo [13 7_ 112 [15 116 (10 [12 [13 7 9 7 5 110 110 8 6 |15 3115 71617
N {15 [1% [16 7 111 (1% |1k g |12 9 9 9 6 (12 |14 8 115 5 [13 8 | 418
0 8 110 9 5 110 10 12 111 9 3 (12 |12 6 9 |12 8 5 5 |15 9167
P 11 15 |41 17 M0 |15 18 |4 |12 13 116 |94 18 |q4 10 |94 16 [15 5 120 |14 (18
Q 116 |11 6 |1+ 116 |11 |1k ik 113 8 113 |10 15 |10 |16 |13 |16 18 |16 1% 15 |16
R |13 7 11 (11 8 1+ 10 1 9 7 _[10 112 [1h ? 6 9 5 2 6 715 |12
s (12 |1 110 |12 |12 7_(16 (12 [12 4 110 8 15 112 8 10 113 115 (1% (12 | 3| 6
T 8 5 1 9 8 7 7 |10 6 S B e B s 6 9 7 |13 2 5 113 7154
U 17 12 [10 15 9 9 [13 |12 6 1 7_|5 5 ? 8 2 5 1 (1 91713
v (46 112 15 |11 113 [0 |14 9 8 3 112 6 9 (10 [12 9 1k 2 |4 110 |10 | 8
W 9 (10 9 1 8 8 __ 115 9 8 6 114 10 10 9 11 |10 |10 3 7 913110
X 2 118 116 |16 |16 |15 (19 |11 |19 2 |13 5 12 |10 8 10 115 110 6 117 112 [16
v 6 6 8 3 8 3 5 6 8 6 9_ |12 6 1113 6 112 0 [12 9| 6|4
Z 12 6 11 10 6 9 11 9 9 3 8 1 10 10 14 8 10 1 15 5| 8] 6

Design schemes are represented by rows; columns show marks awarded by evaluators, tabulated according to groups.




Table 6.4

Average mark awarded to each
to each attribute, and total

scheme evaluated with respect

of average marks

Average mark Rank Total
Scheme |a b -c a a b c d mark |Rank
A 5.67 | 6.40 | 5.00 | 6.29 |3 1 b4 2 23.36 |25
B 15.67 |12.60 | 9.50 [10,86 | 1 2 L 3 48,63 | 8
c 9.3% [10.00 | 6.75 | 9.71 |3 1 4 2 35.79 |19
D 5.67 | 9.80 | 7.75 |11.4 | 4 2 3 1 34,36 |21
E 11.67 [10.80 | 8.75 | 6.57 |1 2 3 b 37.79 |16
F 1%4.67 [ 13.80 [13.00 {13.86 | 1 3 4 |2 55.33 | 2
G 5.33 | 6.80 | 6.00( 4.57 |3 1 2 b 22,70 |26
H 13.67 | 11.40 [ 11.50 | 8.43 |1 3 2 4 45.00 |11
I 12.33 | 13.00 |13.75 | 11.57 | 3 2 1 |4 50.65 | 6
J 14,00 | 9.60 | 8.50 [ 11.14 |1 3 L 2 k324 112
K 17.33 | 16.20 [ 10.00 | 14.57 | 1 3 L 2 58.10 | 1
L 13.00 | 12.40 | 12.25 | 12.86 | 1 3 4 2 50.51 | 7
M 10.67 [ 12.80 | 7.00{ 9.57 |2 1 4 3 Lo o4 | 14
N 15.00 | 10.80 | 9.75 | 10.43 | 1 2 4 3 45,98 | 9
0 9.00 | 9.60 | 9.00| 8.57|2.5 |1 2.5 |4 36.17 |18
P 12.33 | 14.80 [ 13.75 | 13.14 | & 1 2 3 Sh.02 | k&
Q 14,33 | 13.80 | 11.00 | 14,86 | 2 3 L 1 53.99 | 5
R 41433 [ 10.80 | 9,50 | 7.00 |1 2 3 b 38.63 | 15
S 12.00 | 11.80 | 8.50 | 12.43 | 2 3 4 1 54,73 | 3
T 8.00 8,20 | 8.25! 7.86|3 2 1 L 32.31 |22
U 9.67 | 11.60 | 4,75 | 5.57 2 1 & 3 31.59 123
v 14.33 { 11.20 | 7.25 110,00 | 1 2 4 3 42,98 |13
W 9.33 | 8.20 | 9.50| 8.57 |2 L 1 3 35.60 | 20
X 12.00 [ 15.40 | 7.50 | 10.14 | 2 1 4 3 45.04 | 10
Y 6.67 | 5.00| 8.75| 7.1k |3 4 1 2 27.56 | 24
7 9.67 | 9.00 | 7.75[10.00 |2 3 L 1 3642 |17
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" Table 6.5 .Consistency achieved by each subject in rating
attributes after design, and total average

mark received by his design scheme

Subjects Amax Scheme Ranks of Ranks of

score Amax scores
s2.2 | &.948 48.63 18 7
2.3 | k319 35.79 9 16
s2.k 4,155 34,36 8 17
S2.5 b, 621 37.79 14 13
$2.7 4,006 22,70 3 20
52.8 4,033 45,00 L 10
s2.9 4,735 50.65 16 5
© S2.10 4,321 43 24 10 1
82.11 4,000 58.10 1.5 1
52.12 8.568 50.51 20 ' 6
52.13 L 637 Lko.ok 15 12
52,14 b.3h7 45,98 11 8
52.15 b ol 36.17 5 15
52.16 L, 084 54.02 6 3
32.17 k,000 53.99 1.5 L
52.18 4,359 36.63 12 14
52.19 6132 54,73 19 2
52,21 4,532 31.59 13 18
52,24 k742 ks, 0% - 17 9
52.25 4,097 27.56 7 19
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Table 6.6 Total average mark awarded (see table 6.4),
tabulated according to teanms

Team Subjects Marks
X 52.3 35.79
S2.4 34,36
82.5 37.79
S2.7 22,70
52.9 50.65
52.14 _ 45,98
52.17 54,02
82.20 32.31
Y , s2.2 L8.63
52.6 55.33
52.11 58,10
52.13 Lo,04
52.16 54.02
s2.18 38.63
s2.24 ks, 04
52.25 27.56
Z 52.1 23.36
52,10 h3.24
52.12 50.51
52.15 36.17
S2.19 54,73
52,21 31.59
82.22 42,98
52,23 35.60
52.26 36.42

Note: for teams X and Y only those who performed prioritization
of attributes before design have been included (see text)
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Table 6.7 Evaluation of schemes: coefficients of

concordance within and between groups

Group(s) W Sig. level
A 0.600 4 0.01
B 0.523 0.001
c Q.569 0.001
D 0.453 0.001
A+B 0.483 0.001
A+C | o.4t0 0.001
A+ D 0.419 0.001
B+ C 0.410 0.001
B+ D 0.418 0.001
C+D 0.420 0.001
A+B+C 0.404% 0.001
A+B+D 0.411 0.001
A+C+D 0.396 0.001
B+C+ D | 0.390 ' 0.001
A+B+C+0D 0.385 0.001
TUTORS 0.649 0.01




Figure 6.1 Division of the subjects into Teams and Groups
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CHAPTER 7 . EXPERIMENT THREE

7.1 Introduction

Several important lessons had been learned from the first two exercises
about the organisation and running of such experiments, about the means
of gathering data, and about the hypotheses it is possible to test.
Therefore where the first two experiments have provided this experience,
the last three attempt to make use of the findings of the first twoj
both the formal findings resulting from the testing of hypotheses and

the informal findings about organisation and experimental control.

These last three experiments are attempts to explore further
designers' values and the evaluation of design. They are all run in a
similar, though not identical, fashion. Each comprises six subjects of
approximately the same degree of architectural experience., The first
uses non-architects, the second students of architecture, the third
qualified architects, All three experiments entail the eliciting of
dominant attributes from the subjects, an intensive design exercise,
the rating of attributes before and after the design process, and
subjective evaluations of the design solutions by the subjects
themselves. The experimental techniques used are those described in
chapter 4, These three experiments are described in this chapter and

the two following, respectively.

The lessons to have been learned from the first two exveriments may be
summarised as follows, A small number of subjects allows a group
discussion to take place for the purpose of agreeing the set of the
subjects' own dominant attributes., A small number of design schemes.
allows them to be ratedsubjectively using paired comparisons, and
therefore allows the weighting of attributes and the weighting of
designs with respect to each attribute to be combined into an index
using an additive utility model. This is a host useful way of
exploring subjective evaluation, as shown in the case of subject 51.2,
chapter 5. Each subject ought to evaluate each scheme with respect to
each attribute, to avoid the difficulty experienced if scales are not
used uniformly by each evaluator, as shown in §:&:§§ It is essential
that the design schemes are redrawn to cancel both differences in the
quantity of information conveyed, and the possible influence of

drawing style on the evaluations. Given the imvortance of these
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findings Experiment Three attempts to combine the method of evaluation,
used successfully in Experiment One, with the eliciting and structuring
of designers!'! intentions studied in Experiment Two. The overall aim is
to explore further the theory put forward in chapter 2, and means of

testing the theory.

The subjects taking part were six postgraduate research students
without formal architectural training. Their backgrounds were in
psychology, mining engineering, industrial design, fine art,
configurational studies and solar energy. The number of subjects, six,
was chosen so that the design schemes produced could be evaluated |
using the paired comparison technique. Too many design schemes to be
compared might have resulted in fatigue for the evaluators (for
instance, ten schemes necessitate 45 paired comparisons), while too
few might have made the sophistication of scaling paired comparisons

superfluous.

A one day intensive design exercise was used as a vehicle for the
experiment, The brief (appendix 7.1) was for a two-form entry primary
school in Hertfordshire, and was based on the existing brief used in
Experiment One, The brief specifies only the areas that are to be
provided; it does not specify adjacency conditions or relationships

between rooms. A site plan was alsc provided.

| The time~table (appendix 7.2) allowed the first morning for a braine-
storming session to find the attributes which the subjects thought
jmportant in the planning of the school, for them to zgree upon a set

of six dominant atiributes and for them individuslly to rate these six in
terms of their subjective importance using Saaty's prioritization. In
the afternoon each subject designed individually, a school plan. At

the end of the afternoon each subject again scaled paired cémparisons

of attributes. On the second day the schemes were evaluated formally
both with respect to each attribute, and overall,.using scaled paired
comparisons., Prioritizetion of attributes was repeated. Triadic

comparisons of the school plans were also made.

The number of attributes was chosen as six for three reasons. First is
the observation that the human mind is capable of holdinz only a
limited number of concepts at the same time, and this number is 7 & 2
(Miller, 1956). Second in Ixperiment One the mean number of attributes
used by subjects was 6%, Third although the first two points suggest

seven as the most obvious choice, six attributes necessitate only
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fifteen (602) paired comparisons, as opposed to twenty-one (702)'with
seven attributes, making the task of scaling rather less demanding,

The use of brainstorming to generate attributes was chosen because the
group did not comprise subjects with experience in design. The session
gave all subjects a chance to hear others'! attributes, which in turn
would help them to think of their own, and to propose them without fear
of contradiction, since this is explicitly disallowed during brain-
storming (Osborn, 1957).

The discussion and eventual agreement on six major attributes to be

rated before and after design and to be those with respect to which

the schemes were evaluated, was particularly important. Having all

six subjects use common attributes enabled the priorities expressed by
each designer to be compared with every other designer, Furthermore

in the evaluation phase it allowed all their evaluations to be compared
directly for concordance., Triadic compariéons of school plans were also
made by each evaluator, both to enable hierarchical cluster analysis of
the similarity judgements of plans, and to provide a check on whether

the originally agreed attributes were actually being used to differentiate

between plans.

7.2 Hyvnotheses

The experiment was designed to test a number of hypotheses. All are

expressed as null hypotheses.

7201 Correlations between the ratings of.attributes by each

subject before desizn, after desisn and in evaluation

Hypothesis 1 That for each subject there would be no significant
correlation between the rating of attributes before
design and the rating after design.

Hypothesis 2 That for each subject there would be no significant
correlation between the rating of attributes before
design and the rating during evaluation. ‘

Hypothesis 3 That for each subject there would be no significant
correlation between the rating of attributes after
design and the rating during evaluation,

Ze2.2 Concordance between the subjects'! ratings of attributes

Hypothesis 4 That there would be no significant concordance between
the subjects' ratings of attributes before desiem.
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Hypothesis 5 That there would be no significant concordance between
the subjects' ratings of attributes after design.

Hypothesis 6 That there would be no significant concordance between
the subjects' ratings of attributes during evaluation,

7e2e3 __Differences between the consistency achieved in scaling

attributes before design, after design and during

evaluation

Hypothesis 7 That there would be no significant difference between
the set of consistency measures (eigenvalues) achieved .
in scaling attributes before design and that achieved
after design.

Hypothesis 8 That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes before design and that achieved during
evaluation,

Hypothesis 9 That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes after design and that achieved during
evaluation.

7.2.4 Differences between the consistency achieved in scaling

attributes and that achieved in scaling school vplans

Hypothesis 10 That there would be no significant difference between
the set of consistency measures achieved in .scaling
attributes before design and that achieved in scaling
school plans.

Hypothesis 11 That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes after design and that achieved in scaling
school plans,

Hypothesis 12 That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes during evaluation and that achieved in
scaling school plans.

7e2.5 Correlation between the ranks of consistency measures

achieved in scaline attributes before desisn, after

desisn and during evaluation

Hypothesis 13 That there would be no significant correlation between
the ranks of consistency measures achieved in scaling
attributes before design compared with those achieved
after design.

Hypothesis 14 That there would be no significant correlation between
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Hypothesis

7.2.6

15

the ranks of consistency measures achieved in scaling
attributes before design compared with those achieved
during evaluation.

That there would be no significant correlation between
the ranks of consistency measures achieved in scaling
attributes after design compared with those achieved
during evaluation.

Correlation between the ranks of consistency measures

Hypothesis

Hypothesis

Hypothesis

7e2.7

16

17?7

18

achieved in scaling attributes and those achieved in

scaling school plans

That there would be no correlation hetween the ranks of
consistency measures achieved in scaling attributes
before design and those achieved in scaling school
plans.,

That there would be no correlation between the ranks of
consistency measures achieved in scaling attributes
after design and those achieved in scaling school plans.

That there would be no correlation between the ranks of
consistency measures achieved in scaling attributes
during evaluation and those achieved scaling school
plans,

Concordance between evaluations of school plans

Hypothesis
Hypothesis
Hypothesis
Hypotﬁesis
Hypothesis
Hypothesis

Hynothesis

Hypothesis

19

20

21

22

23

2k

25

26

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute a.

That there would be no significant concordance between
the subjects! ratings of school plans with respect to
attribute b.

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute c.

That there would be no significant concordance between
the subjects® ratings of school plans with respect to
attribute d.

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute e.

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute f.

That there would be no significant concordance between
the subjects® overall ratings of school plans.

That there would be no significant concordance between
the ratings of school plans derived from the additive
utility model indices.
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7.2.8

Overall rating of school plans, additive utility model

Hypothesis 27

Hypothesis 28

Hypothesis 29

7.3

indices and hierarchical cluster analysis

That for each subject there would be no significant
correlation between the overall rating of school plans
and the rating given by additive utility model indices.

That for each subject there would be no correspondence
between the overall rating of school plans and the
hierarchical cluster analysis of similarity judgements
of school plans,

That for each subject there would be no correspondence
between the additive utility model indices and the
hierarchical cluster analysis of similarity judgements
of school plans. A :

Experimental Method

In order to test the hypotheses the experiment was organised in a

research studio as follows:

1

The subjects (S3.1, S3.2, S3.3, S3.4, 53.5, S3.6) were
given a brief verbal description of how the exercise

would be conducted.

The subjects were given copies of the site plan and the
brief for a two-form entry primary school. The following
statement was read to the group:

"Consider the implications of planning a two-form
entry primary school on the given site and to satisfy
the given brief. What important attributes or
qualities would you take into account in planning the
school?"

They were asked as a group to 'brainstorm® (Osborn, 1957)
to offer spontaneously the attributes they considered
important. Two points were emphasised: first that
criticism of the attributes at this stage was ruled out,
second that it was the planning that was important as
opposed to, for instance, fittings and finishes. At
this session 35 attributes were produced (appendix 7.3)
in twenty minutes. All attributes were recorded on a

blackboard, fully visible to the group.

The subjects were asked to combine or to discard
attributes in order to end up with the six which they as
a group felt were the most representative or expressive

of the important attributes in planning the school.
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Through group discussion a list of six common attributes
was agreed. (An attempt was made to select the six by
a voting procedure based on Delphi in which each subject
cast votes according to the six attributes he favoured.
The total number of votes réceived by each attribute
were then exhibited. Following a brief discussion a
second round of wvoting was held. After the second ‘
round it became clear that because of overlaps among
attributes such a procedure was unsuited to the task,
and an open discussion was used to agree on six major

attributes.) The atiributes were labelled 'a' to 'ft,

Each subject was then asked to work individuallj in the
rating of these six common attributes. FEach was given
six blank cards, and was asked to copy the attributes
onto the cards, one attribute per card. Each subject
was also given the numerical scale to be used

(apvendix 4.1) and a form with instructions on how to
work throush the cards and to scale all possible pairs
of attributes (appendix 4.2). The completed forms were

then retained by the experimenter,

Each subject proceeded to design a school plan on the
given site and to satisfy the given brief. EFEach worked
individually, having been asked specifically not to

confer,

Having designed a school plan, each subject again
rated the six attributes using the same technique as he

had before design.

The six school plans produced were re-drawn by the
experimenter to a standard scale (1:500), orientation,

and format (figure 7.2).

The redrawn plans were evaluated by the subjects for
their overall merit as schools. Each subject worked
individually. Each was given the set of school vlans,
the numerical scale to be used (appendix 4.1) and a

- form with instructions on how to work through and to

scale all possible vairs of plans (appendix 4.4).-
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9 The redrawn plans were then evaluated by the subjects
with respect to each of the six attributes. Each
subject worked individually. ZEach was given the six
redrawn plans, the numerical scale to be used
(appendix 4.1) and six forms with instructions on how
to work through and to scale all possible pairs of
plans (appendix 4.3). Each form stated at the top the
name of the attribute with respect to which the plans
were to be scaled. The six forms were completed each
in turn, according to the alphabetical order of the six
attributes.

10 Paired comparisons of the six attributes were scaled

for a third time using the same technique as before.

11 Finally triadic comparisons of the school plans were
made., Each subject worked individually, using a fofm
which gave instructions on how to work through all
possible triads of plans (appendix 4.5). In differentiating
between plans subjects were asked to state the attributes
which they had used; they were not constrained that
these attributes necessarily be chosen from the six

common attributes.

7.4 Results

74,1 Correlations between the ratinecs of attributes by each

subject before design, after desirn and in evaluation

Hypotheses 1, 2 and 3 were tested by calculating Svearman's rank
correlation coefficient between the sets of ranks of attributes given
by each subject before design, after desipn and during evaluation.
Table 7.2 shows the data., The following tabulation shows for each.
hypothesis (H) and each subject the pairs of sets of ranks being
compared, the rank correlation coefficient and the significance level

(one~tailed test).
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Subject | H Before After During Correlation Sig.
design design eval, coefficient level
1 x X 0.486 NS
S3.1 2 X x 0.471 . NS
3 X x 0.829 0.05
1 b4 x ~0.657 NS
§83.2 2 X X ~0.486 NS
: 3 X X 0.943 0.01
1 X X 0.643 NS
53.3 2 x x 0.1k NS
3 X X 0.886 0.05
1 x X 1.000 0.01
33.4 2 x x 0.943 0.01
3 x x 0.943 0,01
1 X X 1.000 0.01
S3.5 2 b's X 1000 0.01
3 b'q p's 1.000 0.01
1 x x 0.771 NS
S3.6 2 X x | 0.600 NS
3 x X 0,943 0.01

Null hypothesis 1 was not rejected.
Null hypothesis 2 was not rejected.

Null hypothesis 3 was rejected,

7042 Concordance between the svbiects’ ratings of attributes

Hypothesis & was tested by calculating Kendall's coefficient of
concordance between the six sets of ranks of attributes before design.
Table 7.2 shows the data. The coefficient was found to be 0.502 which

was significant ( &= 0.01). The null hypothesis was rejected.

Hypothesis 5 was tested by calculating Kendall's coefficient of
concordance between the six sets of ranks of attributes after design.
Table 7.2 shows the data, The coefficient was found to be 0.310 which

was not significant. The null hypothesis was not rejected.

Hypothesis 6 was tested by calculating Kendallts coefficient of
concordance between the six sets of ranks of attributes during
evaluation. Table 7.2 shows the data, The coefficient was found to
be 0.321 which was not significant. The null hypothesis was not

rejected,

- 118 ~



7.4.3 Differences between the consistency achieved in scaling

attributes before design, after design and during

evaluation

Hypotheses 7, 8 and 9 were tested by calculating Mann-Whitney's U
between the pairs of sets of consistency measures under consideration.
Table 7.3 shows the data. The following tabulation shows for each
hypothesis (H) the pairs of sets of eigenvalues being compared, the
corresponding value of U and the probability under the null hypothesis.,

H Attributes U | Probability

Before |After During under Ho
design |design |eval.

7 |x X 10 | 0.120
8 p's X 12 | 0.197
9 X X 14 | 0.29%

Null hypothesis 7 was not rejected.
Null hypothesis 8 was not rejected.
Null hypothesis 9 was not rejected,

7.4 .4 I fferences between the consistency achieved in scaline

attributes and that achieved in scaling school plans

Hypotheses 10, 11 and 12 were tested by calculating Mann-~Whitney's U
between the pairs of sets of consistency measures under consideration.
Table 7.3 shows the data., The following tabulation shows for each
hypothesis (H) the pairs of sets of eigenvalues being compared, the

corresponding value of U and the probability under the null hypothesis.

H Attributes Plans U Probability

Before | After During under Ho
design design | eval,

11 x b'q 17 | 0.469
12 X x 14 | 0.29%

Null hypothesis 10 was not rejected.
Null hypothesis 11 was not rejected.

Null hypothesis 12 was not rejected.
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7.5 Correlation between the ranks of consistency measures

achieved in scaling attributes before design, after

design and during evaluation

Hypotheses 13, 14 and 15 were tested by calculating Spearman's rank
correlation coefficient between pairs of sets of ranks of consistency
measures, Table 7.3 shows the data., The following tabulation shows
for each hypothesis (H) the pairs of sets of ranks being compared, the
rank correlation coefficient and the significance level (one-tailed
test).

H | Attributes | Correlation | Sig.

PP
Before | After During coefficient | level
design | design eval,

13 | x X 0.429 NS
1% | x x 0,743 . | NS
15 x x 0.771 NS

Null hypothesis 13 was not rejected.
Null hypothesis 14 was not rejected.
Null hypothesis 15 was not rejected.

7.6 Correlation between the ranks of consistency measures

achieved in scaling attributes and those achieved in

scaling school plans

Hypotheses 16, 17 and 18 were tested by calculating Spearman's rank
correlation coefficient between pairs of sets of consistency measures.
Table 7.3 shows the data, The following tabulation shows for each
hypothesis (H) the pairs of sets of ranks being compared, the rank

correlation coefficient and the significance level (one~tailed test).

H Attributes Plans Correlation | Sig.
Before | After During coefficient | level
design | design |eval. '

16 |* X 0.543 NS

17 x x 0.771 NS

18 X X 0.886 ) .05
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Null hypothesis 16 was not rejected.
Null hypothesis 17 was not rejected.
Null hypothesis 18 was rejected.
7ol.7 Concordance between evaluations of school plans
Hypotheses 19 to 24 were tested by calculating Kendall's coefficient
of concordance (W) between the sets of ranks under consideration.
Table 7.4 shows the data. The following tabulation shows for each
hypothesis (H) the sets of ranks being compared, the corresponding
value of W and the significance level.

H Evaluation of plans with respect to attributes |V Sig.
a b c d e £ level
19 (x 0.237 | NS
20 x 0.546 | .01
21 x 0.216 | NS
22 X 0.198 | NS
23 X 0.329 | NS
2k X 0.501 .01

Null hypothesis 19 was not rejected.
Null hypothesis 20 was rejected.
Null hypothesis 21 was not rejected.
Null hypothesis 22 was not rejected.
Null hypothesis 23 was not rejected.
Null hypothesis 24 was rejected.

Hypothesis 25 was tested by calculating Kendall's coefficient of
concordance between the sets of ranks of the subjects'! overall ratings
of school plans. The coefficient was found to be 0,067 which was not
significant, The null hypothesis was not rejected.

Hypothesis 26 was tested by calculating Kendall's coefficient of
concordance between the sets of ranks of the subjects' ratings of
school plans given by the additive utility model indices. The
coefficient was found to be 0.181 which was not significant. The null

hypothesis was not rejected.
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7.4.8 Overall rating of school plans, additive utility model

indices and hierarchical cluster analysis

Hypothesis 27 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of overall ratings of
school plans and the ranks of additive utility model indices. Tables
7.5 and 7.6 show the data, The following tabulation shows for each
subject the rank correlation coefficient and the significance level

(one~tailed test).

Subject Correlation Sige -
coefficient level
S3.1 0.657 NS
S3.2 0.143 NS
53.3 ' 0.771 NS
S3.4 0.314 NS
83.5 | 1.000 .01
53.6 0,200 NS

The null hypothesis was not rejected, except in the case of S3.5 where

there was significant correlation.

Hypotheses 28 and 29 were tested by comparing for each subject the
hierarchical cluster analysis of similarity judgements with both the
overall ratings of school plans, and the additive utility model
indices., Figure 7.1 shows the data. The following tabulation gives

a verbal estimate on a four point scale, thigh', 'mediun', 'low', ‘*no',
of the correspondence for each subject between the hierarchical

cluster analysis, the overall rating and the indices.

Subject | Correspondence with hierarchical cluster analysis

Overall rating Index
S3.1 Medium correspondence. Low correspondence. Cluster
Cluster A-D: both rated B-E: both rated low.

highly. Cluster B-E: both
rated low. Plan C rated
nearer B-E,

53.2 Low correspondence. Cluster |ILow correspondence., Cluster
B~E: both rated highly. C~F': both rated low., Plan D

rated close to C-F,




Overall rating Index

S3.3 Medium correspondence. No correspondence,
Cluster C-F: both rated
highly. Cluster A-B: both
rated low.

53.4 High correspondence. Cluster |No correspondence.
A=-D=-E: all rated highly.

Cluster B~F: both rated low.

S53.5 Medium correspondence, Medium Correspondence.
Cluster B~E: both rated Cluster B~E: both rated
highly. Cluster A-D: both highly. Cluster A-D: both
rated low. rated low.

53.6 Medium correspondence. High correspondence., Cluster
CIuster C~F: both rated C~F~D: all rated highly.
highly., Cluster B-E-A: 211 Cluster B~E-A: all rated low.
rated low. '

Null hypothesis 28 was rejected.
Null hypothesis 29 was not entirely rejected.

7.3

Conclusions

751

The effect of the design process on rating attributes

The testing of hypotheses 1, 2 and 3 provided some extremely

interesting results. The results implj that there are two kinds of
S3.4 and S3.5 both exhibited a significant degree of

correlation between all three sets of ratings of attributes: before

subjects,

design, after design and during evaluation.

They had a relatively

fixed set of priorities, which did not change, either as a result of
the design process, or through the evaluation of alternative designs.
The other four subjects, S3.1, S3.2, S3.3 and S3.6, did not exhibit a
significant degree of correlation between the ratings of attributes
before and after designj; the design process caused measurable changes
in their priorities. It is of particular interest that these four
subjects (like the other two) did exhibit a significant degree of
correlation between the ratings of attributes after design and during
evaluation. Their priorities, having changed during the design

process, then remained constant.

'These are important findings for several reasons. First they
demonstrate that judgements of attributes can remain significantly

constant during an intensive design exercise of this kind., Second
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they are indicative that prioritization is a useful technique for
measuring the changes in priorities which some designers experience.
Third it seems highly probable from the results of testing hypothesis 3
that the performing of prioritization does not of itself affect the

rating of priorities.

.7.5.2 Concordance between the subjects'! ratings of attributes

Before design there was a surprisingly high coefficient of concordance
between the subject's ratings of attributes, significant at the 0.01
level. The subjects were in agreement about the relative importance
of attributes for a school plan. After design and during evaluation
the coefficient of concordance was not significant; the subjects did
not share the same priorities, Taken together with the previous
inferences (section 2;2;1) it may be seen that there was concordance
among priorities beiween the subjects before design but that the
rating of attributes by four of the six subjects changed as a result
of the design process leading to lack of significant concordance among
the rating of attributes after design. Thus the design process caused
in some cases changes in the rating of priorities but these changes
were experienced in a different way by each designer. There was

divergence in the rating of priorities caused by the design process.

7503 The effect of the design process on consistency

The results of testing hypotheses 7 and 8 were disappointing. It had
been expected that before design the subjectswould have had a fluid or
dynamic opinion of the relative importance of attributes and that this
would manifest itself in the form of relatively inconsistent judgements.
During the design process manipulatiocn of the alternatives and decision
making about the relative importance of attributes might be expected to
result in the replacement of the fluid dynamic model by a definite
proposal encapsulating the decisions taken. For this reason consistency
might have been expected to improve as a result of the design process.
This belief however is not borme out by the figures: consistency does
not improve. Neither does it improve as a result of evaluating
alternatives: the result of testing hypothesis 9 is as expected. An
additional conclusion which may be drawn is that successive atterpts at

performing prioritization do not of themselves lead to improvements in

internal consistency.
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7654 Consistency in scaling attributes and school plans

The results of testing hypotheses 10, 11 and 12 show that the subjects
were no less consistent in scaling school plans for overall merit than
they had been in scaling attributes, This is an encouraging result,
considering that the subjects were non-architects, and indicates that
they were able to scale the school plan drawings with a degree of
consistency comparable with that achieved in scaling verbally stated

attributes.

7+5.5 The ranks of consistency measures in scaline attributes

The results of testing hypotheses 13, 14 and 15 showed that those who
were most consistent in scaling attributes before design did not

necessarily remain so after design.

7.5.6 The ranks of consistency measures in scaling attributes

and school plans

The results of testing hypotheses 16, 17 and 18 again enable comments
to be made about the inherent level of consistency which each subject
is able to achieve in scaling paired comparisons. Although null
hypothesis 18 was rejected at the 0.05 level of significance this is
scant evidence in the context of the results of testing hypotheses 13,
14, 15, 16 and 17 to support the notion that some subjects are

inherently more consistent than others in scaling paired comparisons.

7e5.7 Concordance between evaluations of school plans

The results of testing hypotheses 25 and 26 are as expected. It is

believed that because the subjects differ in their rating of priorities
s0 when they are evaluating alternative designs their different
priorities cause them to prefer different schemes. This belief is

strongly supported by the findings of this experiment.

Conversely in the evaluation of alternative designs with respect to

individual attributes it had been expected that there would be

significant concordance. Such a view is supported by the results of

testing hypotheses 20 and 24 where significant concordance was recorded.

However with respect to the other four attributes there was not

significant concordance between the evaluations. This suggests that

the implications of the attributes are not understood in the same way
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by each evaluator, which may be demonstrated by looking at the way
individual subjects rated the school plans. For example, consider the
attribute 'd', "Good access to common areas'". Evaluators differed
considerably in their rating of plans with respect to this attribute:
plan D received different ranks from almost all the evaluators. Looking
| at the plans it may be surmised that some subjects took the attribute
to imply that common areas should be planned adjacent to classroonms,
others that it implied compactness, the more compact a scheme the more
easy it is to get from classrooms to common areas, and others that it
implied that the journey should be pleasant or enjoyable or that there
should be clear circulation routes., It seems probable that some or all

of these different interpretations account for the lack of concordance

between the evaluations,

7.5.3 Overall rating of school plans, additive utility model

indices and hierarchical cluster analysis

The conclusions which may be drawn from the results of testing
hypotheses 27, 28 and 29 concern the comparison between three methods
of evaluation of the same stimulus items, the school plans, The
following tabulation is a combination of the results of testing
hypotheses 27, 28 and 29. For each of the three comparisons between
the overall merit ratings, the additive utility model indices and the
hierarchical cluster amalysis, each subject is given a verbal
estimate on a four point scale, fhigh', ‘'medium‘', 'low', fno', of the
degree of correspondence, Ia this tabulation the rank correlation
coefficients found in testing hypothesis 27 are converted to the
verbal description thus: correlation significant at 0.01 level, 'high';

correlation significant at 0.05 level, 'medium'; positive correlation,

flow'; negative correlation, 'no'.



Degree of correspondence
between pairs of results
Overall
ratings x *
Indices b 4 X
Cluster
analysis x x
S53.1 low medium medium
83.2 low low low
S3e3 low medium no
S3.L Llow high no
53.5 high medium medium
S3.6 low medium high

In this tabulation it should be remembered that it takes only one set
of results to fail to correspond with either of the other two sets for
this to affect two of the three pairs. Because in all cases except
S53.2 there is only one set of results which does not correspond to a
medium or high degree with the other two, this set can be identified

for each subject thus:

83.1 Utility model indices failed to correspond
S53.3  Utility model indices failed to correspond
S3.4 Utility model indices failed to correspond

S53.6 Overall ratings failed to correspond

S3.2's three scts of results exhibited little correspondence.
53.5's three sets of results exhibited the most positive correspondence,

with high or medium correspondence throughout.

Additionally the tabulation shows that the most positive degrees of
correspondence between gsets of results occur between the overall

ratings and the cluster analysis.

In the case of S3.5 the additive utility model indices do give a
precise account of the subject's overall preferences among design
alternatives taking into consideration the weighting of attributes,
énd the weighting of plans with respect to each attribute. In the

cases of the other subjects however the results are less encouraging
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in this respect. The triadic comparisons help to explain why the
indices are or are not correlated significantly with the overall
ratings and the cluster analysis. Subject S3.5 used attributes 'a',
bty 'c?, 'd' and 'e' to differentiate between plans, and also rated
these the most important five of the six attributes._ Cdnversely
subject S3.6 did not use any of the original six attributes when
making similarity judgements. Subject S3.4 used attributes 'a', 'bt,
tdt, te' and '£' but did not include attribute 'c! which he had in
fact rated the most important., Subject S3.2 did use all six attributes
but added 'linearity! as a seventh, which may account for the lack of
correspondence, Unfortunately this is not an entirely sufficient
explanation however; subject S3.1 used all six attributes in the
triadic comparisons but still did not achieve significant correlation
between the overall merit rating and the additive utility model
indices. In conclusion it seems probable that the agreement of six
common attributes, if they are not fully endorsed by each subject, may
give rise to discrepancies in the evaluations, but that even for
subjects who do apparently endorse them there may be discrepancies.
The measure of consistency is a useful guide to the probability of
such discrepancies arising, and as table 7.3 shows the consistency
achieved by the subjects in scaling attributes during evaluation is
quite poor (as comparisons between table 7.3 and tables 8.3 and 9.5
demonstrate). The relative lack of consistency achieved by subjects in
this experiment may result in part because not all the subjects did
endorse fully the common attributes, and these two factors combined

may have led to the discrepancies recorded.

Experiment Five attempts to remedy these problems by eliciting from
the subjects their own individually expressed attributes. A minor

~ improvement, which is tried in Experinent Four, is to amend the order
in which evaluations are performed, so that overall merit ratings are
obtained only after the subjects have scaled the plans with respect
to each separate attribute., It is hoped that greater correspondence
may thereby be obtained between the indices and the overall merit

' ratings, and in turn that overall preferences can be explained
accurately by the weighting of attributes and weighting of plans with

respect to each attribute.
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Table 7.1 Description of attributes for school planning

a Climatic factors: energy consumption

b Noise (internal)

¢ Classroom planniné (flexible, open space, supervision)

d Good access to common areas: hall, dining room, library, administration
e Easy access to outside

f Views to outside
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Table 7.2

Rating of attributes for a school plan before and after design and during evaluation,

concordance between judgements (W).

and coefficient of

Attri- Eigenvectors Ranks Concordance
butes S3.1 | S%3.2 | S3.3 | S3.4 | S3.5 | 83.6 | S3.1 | S3.2 | S3.3 | S3.4+ | S3.5 | 83.6 | W " Sig.level
Eo .
4| a G321 | W09 | L133 | L1571 | L066 | 491 | 2 1 A 3 5 1
e | b 158 | .302 | .365 | .282 | 221 | ,O78 | 3 2 1 2 2 4
ole 2353 | L1110 | .085 | 416 | L509 | .137 | 1 3 5 1 1 3 .502 | JO1
&1 a 089 | Jook | a5k | ,029 ! ,093 | .207 |4 L 2 6 3 2
Sl e LOo54 | 040 | 142 | ,082 | ,08% | ,023 | 5 6 3 L L 6
| f .025 | JOk6 | .022 | .038 | 028 | .06k | 6 5 6 5 6 5
H | a L106 | L039 | L175 | W44 | L0681 | L1330 | & 5 2.5 |3 5 3
g b 272 | J033 | ,175 | 248 | 192 | 062 | 2 6 2.5 |2 2 4
g | ¢ 158 | 168 | 122 | L505 470 | 495 | 3 3 5 1 1 1 .310 | NS
v | d G337 | JM437 | .129 | L028 | L167 | .232 |1 1 L 6 3 2
g e 099 | .256 | J377 | L0671 | LO79 | L025 |5 2 1 L N 6
< | f .027 | 070 | .023 | O44 | .029 | .057 | 6 4 6 5 6 5
~ | a o157 | 036 | 267 | 238 | 036 | 076 | 3 5 1 2 5 b
1w 354 1,029 | ,169 | .132 | 228 | L1617 | 1.5 |6 3 3 2 3
® e 073 | .258 | .156 | JA4h2 | 492 | 452 | b4 2 L.s 1 1 1 .321 | NS
21 a 354 | 481 | 156 | L032 | 143 | .258 | 1.5 |1 45 |6 3 2
Hle 038 | .130 |.220 | LO77 | .077 |.021 |5 3 2 L L 6
8 f 024 | ,067 |.031 | .058 | .02k | .033 |6 L 6 5 6 5




Table 7.3

Consistency achieved in scaling attributes and school plans

Consistency in scaling attributes

Consistency in

. ?2:; Before design After design During evaluation scaling plans

Amax rank Amax rank Amax rank Amax rank
53.1 6.904 2 6.550 1 6.751 2 6.426 | 1
S3.2 | 6.605 1 6.559 2 6.539 1 6.455 [ 2
S3.3 | 7.867 6 6.656 3 7.200 S 7.089 | 5
83.4 | 7.233 5 7.016 5 6.888 L 6.586 | 3
53.5 | 7.058 4 6.763 4 6.851 3 6.882 | &4
S3.6 | 6.980 3 7.315 6 7.876 6 8.342 | 6
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Table 7.t Rating of school plans with respect to attributes

Attri~ | Plan | Subject
bute Eigenvectors Ranks
S3.1 | S3.2 [ S3.3 | S3.4 [ 53.5 | 53.6 | S3.1 | 83.2 ] S3.3 | S3.4 | 53.5 | 83.6
a A L4681 .256 | .271 | .320 | .126 | .053 | 1 3 2 2 Ls |6
B 048 | .280 [ .113 | .050 | .126 | 074 | S 1 L 5 ks |5
C e127 | 4053 | 4320 | 068 | k7 | 243 | 3 5 1 4 1 2
D o261 | 4108 | .168 | .360 | .130 | .098 | 2 i 3 1 3 3
E LO8 | .260 | LO76 | .182 | L1436 | 078 (5 2 5 3 2 L
F LO48 ) 043 [ ,053 | L0271 [ .O3% | U453 S 6 6 6 6 1
b A 064 | L0900 | .105 | O34 | LO62 | LOS7 | 5 L L 5 5 L
B 176 | o163 | 098 | .O73 | 249 | ,033 | 2 2 5 [ 2 6
c Sk | ,053 | W372 | L1167 | 152 | .312 | 3 5 1 2 4 2
D .025 | .023 | ,039 | ,029 | ,O29 | .153 | 6 6 6 6 6 3
E 119 | .152 | o127 | 4129 | 278 | O34 | & 3 3 |3 1 5
F L1731 0518 | .259 | 568 | .231 | 411 | 4 1 2 1 3 1
c A «398 | .371 | 4229 | L073 | L096 | .030 | 1 1 2 5. |5 6
B 2037 | 4123 | o152 | 4110 | .218 | O+ | 6 3 L 3 2 L
C U8 | 2101 ] .192 | 197 | L34 | L1963 b 3 2 3 3
D 289 | o313 | «316 | 47 | ,027 | W29 | 2 2 1 1 6 1
E 077 | 068 | JO7?4 | 070 | JL422 | LO38 | & 5 5 6 1 5
F 051 | .02k | ,038 | .104 | 102 | .262 | 5 6 6 b4 b 2
a - A Hli7 | JB0O9 | ,251 | L066 | L070 | L093 | 1 1 2 L 3 L
B L0621 .316 | ,087 | ,O36 | .062 | O | 5 2 bs |6 5 6
C »102 | 069 | .355 | .261 | ,302 | 242 | 3 5 1. 12 2 2
D «290 | ,085 | 078 | 423 | ,050 | .136 |2 . | &4 6 1 6 3
E <030 { .091 | 12 | ,162 | 363 | 057 | 6 3 3 3 1 5
F .068 | ,030 | .087 | .0S3 | ,155 | 428 | & 6 4.5 |5 3 1
e A L0} ,132 | 288 | ,235 | 040 | .OBO | B 3 1 3 5 b
B <199 { 418 | .105 | ,037 | .232 |.019 | 2 1 A 5 2 6
C G2 | 282 [ .270 1 .297 | .219 ( .355 | 1 2 2 1 L 2
b |.026},026|,038 |.106|.039 | .105|5.5 | 6 6 L 6 3
E .067 | ,039 | ,079 | 035 | .245 | .059 | & 5 5 6 1 5
F «026 | ,103 | .219{.291 | .225 | .382 | 5.5 (&4 3 2 3 1
f A 225 | 227 | 2251 | 169 | 109 | J134 | 2 2 2 3 5 3
B «035 | ,082 | .213 | .035 [ .276 | 021 | 6 5.5 | 3 5 1 6
c «505 | ,376 | 4305 | 483 | .175 | L4352 | 1 1 1 1 3 1
D .059 | ,082 | ,051 | 095 | LOSH | .O79 | & 5.5 | 6 L 6 5
E o037 | 147 | 086 | .032 | 267 |.091 |5 3 4 6 2 4
F «139 | 088 | L06k | .186 | 119 | .243 | 3 4 5 2 4 2
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Table 7.5 Ratinz of school plans given by additive utility model indices, corresponding ranks and coefficient

of concordance (W)

Plan | Subjects

Indices ' Ranks Concordance
S3.1 | S3.2 | 83.3 | S3.4 | S3.5 | S3.6 | S3.1 | S3.2 | S3.3 | S3.4 | 83.5 | 83.6 | W Sig. level
A 294 | W337 | L2377 | bk | L0822 | 057 | 1 1 2 L 5 b
B 103 | .258 | J114 | L0078 | 202 | LO43 | S 2 5 6 2 6
C 51 | W28 | .303 | L189 | 181 | .28t | 4 i 1 2 3 3 .181 | NS
D 76 | 2135 | J123 | .323 | L036 | .266 | 3 3 A 1 6 2
E 069 | 090 | .096 | .103 | .353 | .O47 | 6 5 6 5 1 5
F 207 | J056 | J128 | L163 | 147 | W345 | 2 6 3 3 b 1
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Table 7,6 Overall rating of school plans: eigenvectors, corresponding ranks end coefficient of concordance (W)

Pian Subjects

Eigenvectors Ranks Concordance
S3e1 S3.2 | S3.3 | S3.4 | 83.5 | 83.6 | S53.1 83.2 | 83,3 S3.4 | S3.5 | S3.6 | W Sig. level
A i ) 095 | 135 | 4197 | JO47 | LO53 |1 L L 3 5 5
B .039 »390 074 061 249 .081 5 1 6 5 2 3
c 136 | 164 | 305 | L091 | L1788 | .239 | 3 3 1 4 3 2 .070 | NS
D « 303 LO34 .195 | 342 .029 LOU8 | 2 6 3 1 6 6
E L039 | 245 | ,088 | ,276 | 421 | .072 |5 2 5 2 1 L
F .039 .073 203 .03k 076 .508 |5 5 2 6 L 1




Table 7.7 Consistency achieved in scaling plans with respect to
attributes
Subject Attribute
- Amax '
a b c d e £
S3.1 6.179 6.739 6.337 6.359 7.011 6.366
S3.2 6.533 6.824 6.406 6.705 6.529 6.052
S53¢3 6.510 7.182 7.50% 6.453 6.710 8.075
S3.4 7.172 6.660 7.108 6.832 6.230 6.868
83.5 6.153 6.654 7.151 | 6.665 6.025 6.750
53.6 7.197 6.679 6.652 6.503 7.708 7.061
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Figure 7.1 Comparison between each subject's similarity
judgments of school plans, the weighting given in overall
evaluation and the additive utility model indices.
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Figure 7.1 continued
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Figure 7.2 The redrawn school plans

The following six pages show the redrawn school plans prepared in
Experiment Three,
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CHAPTER 8 EXPERIMENT FOUR

8.1 Introduction

The most important difference between this experiment and Experiment
Three is that the subjects taking part were all graduate students of
architecture in their first year at the School of Bavironmental Design,
Royal College of Art. This fact apart, the organisétion of the
experiment virtually repeats that of Experiment Three, with only a few
change; in response to the findings of that experiment.

A one-day intensive design exercise was again used as a vehicle for
the experiment, The brief and site were both identical to those used

in Experiment Three and a similar time-table was followed.

The pattern of the experiment was that attributes for the design of a
school plan were elicited from the subjects by brainstorming, and a

set of six common attributes agreed through discussion. The attributes
were scaled by each subject before and after the design process. Each
subject designed a school plan, The plans produced were redrawn by the
experimenter. Each subject evaluated all the schemes with respect to
each attribute, and for overall merit, and also performed similarity

judgements in triadic comparisons of the plans.

The differences made in the organisation of this experiment in response
to previous findings may be summarised as follows. First it was felt
essential to ensure that the changes being measured in the rating of
attributes before and after design were actually caused by the design
process rather than occurring arbitrarily. For this reason each
subject acted as his own control. In addition to the eliciting of
attributes for a school plan, attributes were also elicited for a
holiday companion by brainstorming, and a list of six agreed through
discussion. These were scaled by each subject before the school plan
attributes had been elicited, and then again after deéign after the
school plan attributes had been scaled for the second time. This
ensured that the scaling of school plan attributes occurred
immediately before and immediately after the design process. The
second difference was in direct response to the finding that, while
for some subjects the rating of attributes for a school plan changed
after the design process, they did not change during evaluation.
Therefore the repeat of the scaling of attributes during evaluation
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was abandoned. A thirddifference was to alter the order in which the
subjects performed the evaluations. In this experiment they rated the
plans for overall merit after having rated them formally with respect
to each of the attributes. It was hoped thatthis might lead to an
improvement in the correlation between the additive utility model

indices and the overall merit rating.

8.2 Hypotheseés

The experiment was designed to test a number of hypotheses. All are
expressed as null hypotheses.

8.2.1 Correlations between the ratings of attributes by each

subject before and after design

Hypothesis 1 That for each subject there would be no significant
correlation between his rating of attributes for a
boliday companion before design compared with after
design.

Bypothesias 2 That for each subject there would be no significant
correlation between his rating of attributes for a
school plan before design compared with after design.

8.2.2 Concordance between the subjects! ratings of attributes

Hypothesiz 3 That there would be no significant concordance between
the subjects! ratings of attributes for a holiday
companion before design.

Hypothesis 4 That there would be no significant concordance between
the subjects' ratings of attributes for a school plan
before design.

Hypothesis 5 That there would be no significant concordance between
the subjects! ratings of attributes for a school plan
after design.

Hypothesis 6 That there would be no significant concordance between
the subjects! ratings of attributes for a holiday
. companion after design.

8.2.3 The effect of the order in which attributes were scaled

Hypothesis 7 That for each subject there would be no significant
correlation between the rating of attributes for a
holiday companion before design compared with the
rating of attributes for a school plan before design,
according to the order in which they were scaled.
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Hypothesis 8

8.2.4

That for each subject there would be no significant
correlation between the rating of attributes. for a
school plan after design compared with the rating of
attributes for a holiday companion after design,
according to the order in which they were scaled.

Differences between the consistency achieved in scaling

Hypothesis

Hypothesis

Hypothesis

Hypothesis

802.5 .

9

10

11

12

attributes before and after design

That there would be no significant difference between
the set of consistency measures (eigenvalues) achieved
in scaling attributes for a holiday companion before
design compared with that achieved in scaling attributes
for a school plan before design.

That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes for a holiday companion before design
compared with that achieved after design.

That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes for a sohool plan before design compared with
that achieved after design.

That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes for a school plan after design compared with
that achieved in scaling attributes for a holiday
companion after design.

Correlation between the ranks of consistency measures

Hypothesis

Hypothesis

Hypothesis

Hypothesis

13

14

15

16

achieved in scaling attributes

That there would be no significant correlation between
the ranks of consistency measures achieved in scaling
attributes for a holiday companion before design
compared with those achieved in scaling attributes for
a school plan before design.

That there would be no significant correlation between
the ranks of consistency measures achieved in scaling

attributes for a holiday companion before design
compared with after design.

That there would be no significant correlation between
the ranks of consistency measures achieved in scaling
attributes for a school plan before design compared with
after design.

That there would be no significant correlation between
the ranks of consistency measures achieved in scaling
attributes for a school plan after design compared with
those achieved in scaling attributes for a holiday
companion after design.
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8.2‘6

Concordance between evaluations of school plans

Hypothesis

Hypothesgis

Hypothesis

Hypothesis

Hypothesis

Hypothesis

Hypothesis

Hypothesis

8.2.7

17
18
19
20
21
22
23

24

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute a.

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribut eb .

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute c.

That there would be no significant concordance between
the subjects'! ratings of school plans with respect to
attribute d.

That there would be no significant concordance between
the subjects'! ratings of school plans with respect to
attribute e.

That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute £f.

That there would be no significant coancordance between
the subjects' ratings of school plans given by the
additive utility model indices.,

That there would be no significant councordance between
the subjects' overall ratings of school plans.

Overall rating of school plans, additive utility model

Hypothesis

Hypothesis

Hypothesis

8.3

25

26

27

indices and hierarchical cluster analysis

That for each subject there would be no significant
correlation between the overall rating of school plans
and the rating given by additive utility model indices.

That for each subject there would be no correspondence
between the overall rating of school plans and the
hierarchical cluster analysis of similarity judgements
of school plans,

That for each subject there would be no correspondence
between the additive utility model indices and the
hierarchical cluster analysis of similarity judgements
of school plans. '

Exverimental Method

In order to test the hypotheses the experiment was organised in a

design studio, as follows:

1

The subjects (Sh.1, S4.2, Sh.3, Sk, Sh.5, Sh.6) were
given a brief verbal description of how the exercise
would be conducted.
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The subjects, in a group, were read the following
statement:

“Consider the proposition of a fortnight's holiday in
Greece. What important attributes or qualities would
you look for in the selection of a holiday companion??

They were asked as a group to 'brainstorm' (Osborn, 1957)
to offer spontaneously the attributes they considered

important.

The subjects were asked to combine or to discard
attributes in order to end up with the six which they
as a group felt to be the most important in the
selection. Through group discussion & list of six
common attributes was agreed. The attributes were
labelled ta' to 'f'.

Each subject was then asked to work individually in the
rating of these six common attributes for a holiday
companion, Each was given six blank cards, and was
asked to copy the attributes onto the cards, one
attribute per card. ZIach subject was also given the
numerical scale to be used (appendix 4.1) and a form
with instructions on how to work through the cards aad
to scale all possible pairs of attributes.

The completed forms were then retained by the

experimenter.

Then the subjects were given copies of the site plan
and brief for a two-form entry primary school. The
following statement was read to the group:

"Consider the implications of planning a primary
school, on the given site and to satisfy the given
brief. UWhat important attributes or gualities would
you take into account in planning the school?!

They were asked as a group to 'brainstorm' to offer
spontaneously the attributes they considered important.
Two points were emphasised: first that criticism of the
attributes was ruled out, second that it was the planning
that was important as opposed to, for instance, fittings

and finishes. At this session 19 attributes were
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10

11

12

13

| produced in fifteen minutes. All attributes were

recorded on a blackboard, fully visible to the group.

The subjects were asked to combine or to discard
attributes in order to end up with the six which they
as a group felt were the most representative or
expressive of the important attributes in planning the
school. Through group discussion a list of six common
attributes was agreed. The attributes were labelled ‘at
to 'fY,

Each subject was then asked to work individually in the
rating of these six common attributes for a school plan.
Each was given six blank cards, and was asked to copy
the attributes onto the cards, one attribute per card.
Each subject was also given the numerical scale to be
used (appendix 4.1) and a form with instructions on how
to work through the cards and to scale all possible
pairs of attributes (appendix 4.2). The completed forms

were then retained by the experimenter.

Each subject then proceeded to design a school plan for
the given site to satisfy the given brief. Each worked
individually.

Having designed a school plan, each subject again rated
the six attributes for a school plan, using the sane

technique as he had before design.

Each subject rated again the six attributes for a
holiday companion, using the same technique as he had
before design.

The six school plans produced were re-drawn by the
experimenter to a standard scale (1:500), orientation

and format (figure 8.2).

Each subject gave a two~minute presentation of his

redrawn school plan to the other five subjects.

The redrawn plans were evaluated by the subjects with
respect to each of the six attributes. FEach subject
worked individually. Each was given the six redrawn
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plans, the numerical scale to be used and six forms
with instructions on how to work through and to scale
all possible pairs of plans. Each form stated at the
top the name of the attribute with respect to which the
plans were to be scaled. The six forms were completed

each in turn according to the alphabetical order of the

The redrawn plans were then evaluated by the subjects.

for their overall merit as schools. Each subject worked.
individually. Each was given the set of school plans,

the numerical scale to be used and a form with instructions

on how to work through and to scale all possible pairs

Finally triadic comparisons of the scheol plans were

made., Each subject worked individually, using a form

which gave instructions on how to work through all

possible triads of plans (appendix 4.5). In diffefentiating
between plans subjects were gsked to state the attributes
which they had used; they were not constrained that

these attributes necessarily be chosen from the six

common attributes, Unfortunately Sk.4 felt unable to
complete this part of the evaluation.

attributes.
14

of plans.
15
8.4 Results
8.4.1

Correlation between the ratings of attributes by each

subject before and after design

Hypotheses 1 was tested by calculating for each subject Spearman's rank

correlation coefficient between the ranks of attributes for a holiday

companion before and after design. Table 8.2 shows the data. The

following tabulation shows for each subject the rank correlation

coefficient and the significance level (one-tailed test).
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Subject Correlation . Sig.
coefficient level
Sk .1 0.943 .01
sk.2 0.943 oy
sh.3 | 0.829 .05
Sl b 0.936 .01
sh.5 0.757 NS
sh.6 0.943 .01

In five out of six cases there was significant correlation between the
ranks. In fhe case of S4.5 there was perfect correlation between the
before and after design ranks when he had been asked for a simple rank
order, but a certain inconsistency in scaling the paired comparisons
before design (as shown by the high maximum eigenvalue in table 8.3)
resulted in a rank correlation coefficient lower than that which is
statistically significant. The null hypothesis was rejected.

Hypothesis 2 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of attributes for a
school plan before and after design. Table 8.2 shows'the data. The
following tabulation shows for each subject the rank correlation

coefficient and the significance level (one-tailed test).

Subject Correlation Sig.
coefficient level
Sl .1 0.714 NS
| She2 0.886 .05
sh.3 . 0.086 NS
Sh.b 0.771 NS
S4.5 0.943 .01
Sh.6 0.943 .01

In three out of six cases there was not significanﬁ correlation between
the ranks; that is, there was a change in the ranking of attributes
after design by these subjects. Of these, S*.1's and Sk.4t's apparent
changes could be explained by inconsistency in tihe paired comparisons;
there was almost perfect consistency between the before design and
after design ranks when they had been asked for a simple rank order.

However for subject Sh#.3 there was a definite change in the ranking of
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attributes before and after design. In the other three cases there was
significant correlation between the before design and after design

ranks of attributes; in these cases there was no change.

8.4.2 Concordance between the subjecks! ratinaes of attributes

Hypotheses 3, 4, 5 and 6 were tested by calculating Kendall's coefficient
of concordance (W) between the sets of ranks of attributes under
consideration. Table 8.2 shows the data. The following tabulation
shows for each hypothesis (H) the set of rankings being tested, the
corresponding value of W and the significance level.

‘H Ranking of attributes W Sig.
R . level
Before design After design
Holiday School School Holiday
companion | plan plan companion
3 x 0.496 | .01
b x 0.508 | .01
) b'e 0.670 | .01
6 x 0.496 | .01

Null hypothesis 3 was rejected.
Null hypothesis 4 was rejected.
Null hypothesis 5 was rejected.
Null hypothesis 6 was rejected.

8.4.3 The effect of the order in which attributes were scaled

Hypothesis 7 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of attributes for a
holiday companion before design and the ranks of attributes for a
school plan before design. Table 8.2 shows the data. The following
tabulation shows for each subject the rank correlation coefficient and

the significance level.

Subject Correlation Sig.
coefficient level
Sh.1 0.314 NS
sh.2 ~0.086 NS
Sk.3 0.371 HS
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Subject Correlation Sig.
coefficient level
Sh b 0.243 NS
sk.5 0.543 N5
sk, 6 0.257 NS

The null hypothesis was not rejected.

Hypothesis 8 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of attributes for a
school plan after design and the ranks of attributes for a holiday
companion after design. Table 8.2 shows the data., The following
tabulation shows for each subject the rank correlation coefficient and
the significance level, '

Subject Correlation Sig.
coefficient level
Sk o1 0.71% NS
sh.2 0.257 NS
sh.3 0.743 NS
Sh 4 =0.,257 NS
S5 0.386 NS
sh.6 0.036 NS

The null hypothesis was not rejected.

8.4.4 Differences between the consistency achievead in scaling

attributes before and after design

Hypotheses 9, 10, 11 and 12 were tested by calculating Mann~VWhitney's

U between the pairs of sets of consistency measures under consideration.
Table 8.3 shows the data. The following tabulation shows the pairs of
eigenvalues being compared, the corresponding value of U and the
probability under the null hypotheses (one-tailed test).
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H Before design ’ After design U Probability
Holiday School School Holiday under Ho
companion | plan plan companion

9 x x 17 | 0.469

10 | x ‘ X 9 | 0,090

11 X X 11 | 0.155

12 pd b'q 9 | 0.090

Null hypothesis 9 was not rejected.

Null hypothesis 10 was not rejected.
Null hypothesis 11 was not rejected.
Null hypothesis 12 was not rejected.

8.4.5 Correlation between the ranks of consistency measures

achieved in scaling attributes

Hypotheses 13, 14, 15 and 16 were tested by calculating Spearman's
rank correlation coefficient . between pairs of sets of ranks of
consistency measures. Table 8,3 shows the data. The following
tabulation shows for each hypothesis (H) the pairs of sets of ranks
being compared, the rank correlation coefficient and the significance
level (one~tailed test).

H Before design After design Correlation | Sig.
Holiday | School School Boliday | coefficient | level
companion | plan plan companion

13 | x X 0.029 NS

% | x - b 0.200 NS

15 X x 0.771 NS

16 x x ~0.086 NS

Null hypothesis 13 was not rejected.
Null hypothesis 14 was not rejected.
Null hypothesis 15 was not rejected.
Null hypothesis 16 was not rejected.
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8.4.6 Concordance between evaluations of school plans

Hypotheses 17 to 22 were tested by calculating Kendall's coefficient of
concordance (W) between the sets of ranks under consideration. Table
8.4 shows the data. The following tabulation shows for each hypothesis
(H) the sets of ranks being compared, the corresponding value of W and
the significance level.

H Evaluation of plans with respect to attributes | W Sig.
. level
a b c d e £
17 | x . 0.528 | .01
18 x 0.590 | .01
19 x 0.489 .01
20 x 0.487 | .01
21 x 0.613 | .01
22 x 0.702 01

Null hypothesis 17 was rejected.
Null hypothesis 18 was rejected.
Null hypothesis 19 was rejected.
Null hypothesis 20 was rejected.
Null hypothesis 21 was rejected.
Null hypothesis 22 was rejected.

Hypothesis 23 was tested by calculating Kendallt®s coefficient of
concordance between the sets of ranks of additive utility model
indices. Table 8.5 shows the data. The coefficient was found to be
0.356 which was significant (x= 0,05). The null hypothesis was
rejected,

Hypothesis 24 was tested by calculating Kendall's coefficient of
concordance between the sets of ranks of the subjects' overall ratings
of school plans. The coefficient was found to be 0.575 which was

significant (X = 0.01). The null hypothesis was rejected.

8.4.7 Overall ratine of school vlans, additive utility model

indices aand hierarchical cluster analysis

Hypothesis 25 was tested by calculating for each subject Spearman's

rank correlation coefficient between the ranks of overall ratings of



school plans and the ranks of additive utility model indices.
8.5 and 8.6 show the data.

Tables

The following tabulation shows for each

subject the rank correlation coefficient and the significance level
(one~tailed test).

Subject Correlation Sig.
coefficient level
Sh.1 0.829 .05
sh.2 0,943 .01
sk.3 0.029 NS
St 4 -0.029 NS
sh.5 1.000 <01
sh.6 -0.771 NS

The null hypothesis was not entirely rejected.

Hypotheses 26 and 27 were tested by comparing for each subject the

hierarchical cluster analysis of similarity judgements with both the

overall ratings of school plans and the additive utility model indices.

Figure 8.1 shows the data. The following tabulation gives a verbal

estimate on a four point scale, ‘'high', ‘medium', 'low', fno', of the

correspondence, for each subject, between the hierarchical cluster

analysis, the overall rating and the indices,

Cluster E~-F: both rated close.
Cluster B-D:.both rated close.

Subject | Correspondence with hierarchical cluster analysis
Overall rating Index

k.1 High correspondence. Cluster |High correspondence. Cluster
E-F: both rated close. I=~F: both rated close. ‘
Cluster A-B: both rated high. |[Cluster A-~B: both rated high.
D-C: rated low, D-C: rated low.

sh,2 High correspondence. Cluster |High correspondence. Cluster
E~F: both rated close. E=F: both rated close.
Cluster A=-C=D: all rated lovw. Cluster A-C-D: 21l rated low.
Plan B: rated highly. Plan B: rated highly.

'84.3 Medium correspondence. Low correspondence., Cluster
Cluster E~F and A: all rated E~F and A: all rated close.
¢lose., Plan C: rated low.

st b Subject did not perform similarity judgements.

sh.5 High correspondence. Cluster |High correspondence. Cluster
kE=F: both rated highly. Plan |E-F: both rated highly. Plan
C: rated low. C: rated low.

Sk.6 Medium correspondence. Medium correspondence.

Cluster E~F: both rated close,
Cluster B-D: both rated close,
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Null hypothesis 26 was rejected.
Null hypothesis 27 was rejected.

8.5 Conclusions

8.5.1 The effect of the design process on rating attributes

The scaling of attributes for a holiday companion meant that each
subject acted as his own control. Thus changes in the rating of
attributes for a school plan by each subject may be checked to see
whether they are an arbitrary change for no apparent reason or whether
they may be ascribed definitely to the design process. The results of
testing hypothesis 1 are therefore most encouraging in terms of the
experimental method. In all six subjects' cases (but see 8.4.1) there
was significant correlation between the ranks of attributes for a
holiday companion before and after design. That is, there were no
(significant) arbitrary changes in the ranks of attributes by any
subject., In turn this means that if significant changes are found in
the attributes for school plan before and after design these changes
may be ascribed to the design process.

The result of testing hypothesis 2 takes on considerable importance.
In three out of six cases, Sk.1, S4.3 and Shk.k#, there were significant
changes in the ratings of attributes before and after design, as
recorded by the paired comparisons. For two subjects these recorded
changes appear to be due fo inconsistency in the scaling of attributes.
However for subject Shk.3 the design process undoubtedly resulted in a
measurable change in his subjective priorities. The other three .
designers, S4.2, S%.5 and S4.6, conversely, had a relatively fixed
sense of priorities which did not change significantly as a result of

the design process.

8.5.2 Concordance between the subjects' ratings of attributes

The results of testing hypothesis 3 showed that there was significant
concordance between the subjects' ranks of attributes for a holiday
companion before design. Not surprisingly, as there were no significant
changes after the design process there was still significant agreement
between the ranks after design. This is an unexpected result.

The results of testing hypothesis 4 showed that there was significant
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concordance between the subjects'! ranks of attributes for a school plan
before design. And although three subjects changed their rating of
attributes as a result of the design process (but see 8.4.1) there was
still highly significant concordance between the ranks after design.
The inference is that this group of designers shares a similar set of

priorities.

8.5.3 The effect of the order in which attributes were scaled

The results of testing hypotheses 7 and 8 were as expected. They show
that the order in which the pairs of attributes were scaled by the

subjects had no effect on the scaled judgements,:

8.5.4 ~ The effect of the design Process on consistency

The results of testing hypotheses 9, 10,‘11 and 12 give rise to two
conclusions. First it seems clear that successive attempts at
performing prioritization do not, of themselves, result in improvements
in internal consistency. Second they show that there was no improve~
ment in internal consistency in scaling attributes for a school plan
caused by the design process., Only if there had been, would it have
been necessary to check that there was no improvement in the control
part of the experiment, where holiday companion attributes were

scaled.

8.5.5 The ranks of consistency measures in scaling attributes

The results of testing hypotheses 13, 1%, 15 and 16 show that personality
factors did not influence the consistency achieved in scaling attributes.
Those who were most consistent in scaling attributes for a school plan
were not necessafily more consistent in scaling attributes for a

holiday companion, Neither were those moie consistent in scaling
attributes for a school plan before design necessarily more consistent
after design. There is no reason to believe, therefore, that some
subjects were inherently more consistent than others in scaling paired
comparisons of attributes.. This inference is most encouraging in these
experiments because, had the cénverse been found, comparisons of
subjects' consistency measures would have revealed only their inherent
consistency as judges rather than the differing degrees of consistency

they achieve in scaling paired comparisons of attributes for various
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purposes. Extending this argument it may be inferred that the comnsistency
measure reveals more than merely a trait of personality; it reveals the
judge's ability to achieve consistency for the purpose, and on the

occasion, in question.

8.5.6 Concordance between evaluations of school plans

The results of testing hypotheses 17 to 22 were as expected. There was
a high level of agreement between the evaluations of alternative designs
with respect to individual attributes. This implies that, in contrast
with the results in Experiment Three, the evaluators were in agreement

as to the planning implications of each verbally stated attribute.

Part of the tentative theory proposed in chapter 2 expressed the
expectation that there would not be concordance among evaluations of
alternatives for overall merit because the evaluators would not be in
agreement about the relative importance of attributes. In the present
experiment there is concordance between the subjects' ratings of
priorities, and therefore it would be expected that, when evaluating
alternative designs, there would be concordance between the evaluations.
This proved to be the case; there was significant concordance between
the subjects' ratings of school plans for overall merit., Interestingly
too, there was concordance between the evaluations given by the
additive utility model indices, even though not all the subjects
achieved significant correlation between their overall merit ratings of

school pians, and the indices.

8.5.7 Overall ratine of school plans, additive utility model

indices, and hierarchical cluster analysis

The conciusionswhich may be dréwn from the results of testing hypotheses
25, 26 and 27 concern the comparigon between three methods of evaluation
of the same stimulus items, the schocl plans. The following tabulation
is a combination of the results of testing hypotheses 25, 26 and 27.

For each of the three comparisons between the overall merit ratings,

the additive utility model indices and the hierarchical cluster analysis,
each subject is given a verbal estimnte on a four point scale, 'hish!,
‘medium'y ‘low', 'no*, of the degree of correspondence., In this
tabulation the rank correlation coefficients found in testing

hypothesis 25 are converted to the verbal description thus: correlation
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significant at 0.01 level, 'hight'; correlation significant at 0.05

level, 'medium'; positive correlation, 'low'; negative correlation,

|no' -
Degree of correspondence
between pairs of results
Ove?all < %
rating
Indices X x
Cluste? x x
analysis
Sh.1 medium high high
sk.2 high high high
h.3 low nedium low
k.5 high high high
s4.6 no medium medium

In this tabulation it takes only one set of results to fail to correspond
"with the others for two of the three pairs to be affected. The results
are therefore encouraging in that for all subjects (except Sk.h) there

is at least one pair of results that shows a high or medium degree of

correspondence,

Discrepancies in the five sets of results available occur for subjects
k.3 and S4.6. For subject Sk.3 several reasons may be identified. In
the triadic comparisons he used only attributes 'a', 'b', t'c', 'f' to
differentiate between planss; but did not include attribute *d' which he
had in fact rated the most important, Consistency in scaling attributes
even after design was relatively poor, with a maximum eigenvalue of

. .94k, Subject S4.6 on the other hand did use all six attributes to
differentiate between plans in the triadic comparisons, and achieved
good consistency in sdaling these attributes after design. What appears
to have happened in the computation of the indices is for differences
between the rétings of plans to have been almost cancelled; the ratings
are approximately equal. The negative correlation coefficient found in
testing hypothesis 25 is not in this case a particularly relevant
result; figure 8.1 shows much more clearly the pattern of the results.
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Much more positive are the results for subjects Sk.1, S4.2 and Sk.S.
For all three subjects, again as figure 8.1 shows clearly, there was
definite correspondence between all three sets of results. In
particular it may be claimed that for these three subjects the additive
utility model provides a precise way of explaining their preferences in
terms of the weighting of attributes and the weighting of plans with
respect to each attribute.
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Table 8.1

Purpose

Holiday companion

School planning

Description of attributes

Attribute

o H ® P 0 O P

H o0 A O T

Description

Compatible sense of humour
Similar attitude towards the sun
Similar financial resources
Punctuality

Willing to be led

Similar interests

Small scale, friendly, non-institutional,
easily understood

Efficient, circulation

Orientation

Architectural form

Compactness, capital and running costs

Classroom arrangement; flexibility and outdoor
area for each class
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Table 8.2 Rating of attributes for a school plan and for a holiday companion before and after design, and coefflclent
of concordance bhetween judges ,

Attributes | Eigenvectors Ranks Coefficient of concordance
St | Sh.2 | S4.3 | Skl | Sh.5 | S4.6 | St | She2 | Sh.3 | Skl | S5 | Sk6 (W Significance level

- |a ¢330 | 399 | .313 | .125 | J342 | 228 | 2 1 1 3 1 2

glo 104 | 283 | ,092 | .116 | 026 | 070 | 3 2 5 5 6 L

%-a c 0097 | 4052 | J077 | «119 | 179 | &161 | L 5 6 L 3 3 1496 .01
A d .055 | ,030 | .231 | .036 | .032 | 042 | 5 6 2 6 5 6
o Ele .05k | .070 | 159 | 2302 | .176 | .069 | 6 4 3 1.5 | % 5
= o|f ¢361 | 4166 | »128 | J302 | 245 | 430 | 1 3 L 1.5 |2 1

% | P 2094 | 045 | .119 | 052 | JO4E | JOB2 | 4 6 L 5 5 6 '
LEe 2031 | 4300 | 114 | 032 | 117 | 109 | 6 |1 5 |6 |& |k 508 | .01
35 d 2308 | 147 | .105 | .38 | .295 | .230 | 1 A 6 2 2 2
gd|e .063 | 4060 | ,133 | .O60 | ,O40 | ,O69 | 5 5 3 b 6 5
Aa's|f 274 | 4176 | 4262 | J418 | »168 | .160 | 2 3 2 1 3 3

o2 270 | 225 | 4212 | 195 | 375 | <311 | 1 3 2 2 1 2

ol ® «160 | 079 | 066 | .068 | JO41 | 036 | L 5 6 L 6 6
L H|e 059 | .263 | .085 | .028 | .110 | 090 | 5 1 5 6 L L 670 .01
gg a o224 | 0159 | .231 | 527 | .273 | 392 | 3 b 17 |1 2 1
Sde SOl | LOUG | ,193 | JO42 | LO47 | LOB5 | 6 6 L 5 5 5
v f 2W3 | 228 | 212 | o141 | &84 | L106 | 2 2 |3 3 3 3

n|a o334 | 4362 | «313 | «155 | 294 [ 255 | 2 1 1 3 1.5 |2

g|b ,079 | .283 | ,089 | ,O67 | 024 | 074 | & . |2 |k 5 6 5

?E c .00 | ,083 | ,073 | 078 | .087 | ,188 | 3 4 6 b4 4 3 496 01
o d <033 | ,038 | .289 | ,035 | 059 | .O42 | 5 6 2 6 5 6
,g‘g e .025 | ,077 | 088 | .265 | .29% | ,075 | 6 5 5 2 1.5 | &
ot A39 | 4157 | 149 | 400 | 243 | L367 | 14 3 3 1 3 1
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Table 8.3

Consistency achieved in scaling attributes

Sub- Before design After design

ject
Holiday companion School planning School planning Holiday companion
Amast rank Amnx rank Amax rank Amax rank

Sk o1 6.242 1 7.306 5 643k 3 6.425 5

Sh.2 | 6.457 2 6.449 2 6.378 1 64355 3

sh.3 | 6.591 L 7.745 6 64944 6 6.315 1

Shob 6.941 5 6.901 4 6.545 5 6. 40k L

Sht.5 7.333 6 6.458 3 6.h67 L 6.716 6

Sh.6 | 6.590 3 6.427 1 6.396 2 6.339 2




Table 8.4

Rating of school plans with respect to'attributes

Attri-
bute

Plan

Subject
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g
5

Sh.1

sk.2

s4.3

£

54.2

*

Sh .0

sk.5

Sk.6

HEODQW >

222
<191
.058
.026
110
.093

o096
418
.052
.051
.253
-131

'2?7
-091
.082
064
.296
-190

349
.168
.107
.028
206
.43

149
.098
.058
077
-369
249

.067
-159
.380
.091
-1k
-15%

F - NN

WO &

W= o0 F

FN AV

N\ W

E\)-F'UI—SIUG\
W \n

HEOQWE >

-330
.348
.020
047
-150
»105

0108
«190
.Ol5
.052
276
.329

<151
.076
0218
.03%
.266
255

22k
<137
<113
+106
217
-203

.136
224
LOU2
079
284
«235

.067
.395
.108
LO48
.186
.195

FUWUN A= O

= VoYW

NS v\ +

W N o

N\ VN &

MWW

HduogQw >

276
0061
. 023
437
.09k
.108

040
362
076
232
»120

<17

.181
0105
111
.193
.179
«231

0082
408
024
314
-105
067

.059
.107

A6
<161
- 184

+135
-051
<049
-249
.263
-255

W F2>0\N NV

W EFHEOU S0

= U OV

VW= F

NW = ONEU

N AW o &

HEHog Qo>

.529
.207
Lo2k
143
LO3h
062

. 190
«337
. 068
.067
.127
212

A1k
373
+156
.060
LUB4
232

274
-35%
.019
9131
0170
.053

.270
.363

.146
.105
Lok

0199
-199
«199
-199
.090
1k

FUITWONN

N F O\ S W

PUTAOW =2 &

VW FO= N

VTFUH =2

¢ s 9
(G RV RV, RG]

v
*

Mg Q>

0183
46
032
0U31+
«198
.108

.053
133
036"
.039
.166
249

L A 035
.218
535
.029
085
098

030
-071
538
.027
.137
0197

071
.112
<336
035
255
.192

.0%6
0193
233
073
.178
175

Lot na W

NN V=

W Fov=a o\

MW= U

W oON=a

SV NN

HiEgQw e

.220
. 121
LOlt3
-033
233

349

157
.225
.03
067
237
.283

.270
LO41
037
.089
340
224

.050
.022
488
. 208
.82

.101
137
037
L0638
19
238

224
-099
LOl6
109
.2k9
272

=P ovwn

= N\ VAN F

W Fowanp

W= VWU

N~ UT VW £

AN N

- 166 -




-&91"‘

Table 8.5

coefficient of concordance (W)

Rating of school plens given by additive utility model indices, corresponding ranks and

Plan | Indices Ranks W Significance
Sk | Sh.2 |43 | Skl | S4.5 | Sh.6 | Sh.1 | Se2 | Sh.3 | Sk | Sh.5 | Sh.6 level

A 2309 | 109 | 4175 | 238 | .161 | 143 |1 L b 2 L 6

B 206 | o315 | 4170 | 250 | .183 | .169 |3 1 5 1 3 2

o 038 | .070 | .188 | 084 | 061 | .228 |6 6 3 6 6 1 0.356 | 05

D 082 | L0k | L0700 | .60 | .133 | 147 |5 5 6 b 5 5

E 213 | 192 | 199 | 183 | .273 | L1488 |2 3 1 3 1 L

F <152 | 4210 | .197 | 4105 | .189 | 164 | 4 2 2 5 2 3
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Table 8.6

Overall rating of school plans: eigenvectors, corresponding ranks and

coefficient of

concordance (W)

Plan | Eigenvectors Ranks W Significance
Sho1 | k.2 | S4.3 | b | Sh.5 | Sh.6 | Shaq | Sh.2 | S4.3 | Sk | Sh.5 | Sk.6 level

A | «270 | ,153 | .219 | LO45 | .101 | .308 |2 4 2 5 . 1

B L59 | 288 | 504 | LO8L | 164 | L125 |1 1 1 L 3 5

c 024 | J032 | JO43 | L028 | .029 | L0600 | 6 6 5 6 6 6 0.575 | .01

D .055 | 048 | OB | 125 | L051 | .130 | 5 5 6 3 5 b

E SACH | 251 | J083 | W236 | J412 | 156 | 3 2 L 2 1 3

F L0838 | .228 | .110 | 483 | 243 | .221 | & 3 3 1 2 2




Table 8.7 Consistency achieved in scaling plans with respect

to attributes

Subject Attribute

Amax

a b ¢ d e f
S 7.588 7.078 6.874 6.900 7.332 7.164
Sh.2 6.141 6.297 6,307 |6.119 | 6.276 | 6,245
sk.3 ?7.546 6.222 6.806 6.887 6.496 6.439
Sk 7.576 | 7.080 |6.376 |7.280 |6.765 |7.002
k.5 6.288 6.385 6.693 6.560 6.249 6.634
Sh.6 6.113 | 6.602 6.154 6.055 6.184 6.245
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Figure 8.1 Comparison between each subject's similarity
judgements of school plans, the weighting given in overall
evaluation and the additive utility model indices.
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Figure 8.1 continued
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Figure 8.2 The redrawn school plans

The following six pages show the redrawn school plans prepared in -

Experiment Four.
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CHAFTER 9 EXPERIMENT FIVE

9.1 Introduction

The final experiment in the series uses the techniques that have been
developed throughout the thesis., It also retains the basic form of
experiment comprising the eliciting and scaling of attributes, an
intensive design exercise, a repetition of the scaling of éttributes
after design, and concluding with the detailed subjective evaluation
of alternative designs. However unlike Experiments Two, Three and
Four, the six subjects are able to define their own subjective
attributes independently. There is less concern with agreement in the
choice of attributes and the level of concordance among the ratings of
attributes, and more concern to find out what individual designers
consider to be their priorities. So this exercise, while relying on
the techniques which have so far been restricted to experimental
settings with non~architects and students of architecture, is
concerned with the possibilities for extending the use of these
techniques towards the more realistic applications of identifying
designers' priorities and of providing a means for formal and detailed

subjective evaluations of alternative designs.

With these aims in mind the experiment has two important aspects.
First all the subjects were qualified architects of between two and
fifteen years experience. Second each subject was able to describe
his own attributes both for design and for evaluation; he was not
constrained that these should be the same, nor was he expected to

confer and to agree attributes in a group situation.

Because each architect!s own individual subjective attributes were
elicited comparisons between the subjects! priorities are not possible
in the same way as for the previous experiments. Therefore many of
the hypotheses which were tested in Experiments Tarce and Four are not
tested here. Nevertheless some of the previous hypotheses are tested,
including whether or not there is a difference between the internal
consistency achieved in scaling attributes before and after design
and whether or not the design process caused changes in the rating of
priorities. The practice of using each subject as his own control by
his scaling attributes for a holiday companion was retained. Between

the subjects' evaluations two comparisons are made: whether there was
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significant concordance between their overall ratings of schemes, and
whether there was significant concordance between the additive utility

model indices.

9.2 Hypotheses

9.2.1 Correlations between the ratings of attributes before

and after design

Hypothesis 1 That for each subject there would be no significant
correlation between the rating of attributes for a.
holiday companion before design and the rating after
design.

Hypothesis 2  That for each subject there would be no significant
correlation between the rating of attributes for a
school plan before design and the rating after design.

9.2.2 ' The effect of the order in which attributes were scaled

Hypothesis 3 That for each subject there would be no significant
correlation between the rating of attributes for a
holiday companion before design and the rating of
attributes for a school plan before design, according
to the order in which they were scaled.

Hypothesis 4 That for each designer there would be no significant
correlation between the rating of attributes for a
school plan after design and the rating of attributes
for a holiday companion after design, according to the
order in which they were scaled.

9.2.% Differences between the consistency achieved in scaling

attributes before and after desien

Hypothesis 5 That there would be no significant difference between the
set of consistency measures achieved in scaling attributes
for a holiday comparion before design and that achieved
in scaling attributes for a school plan before design.

Hypothesis 6 That there would be no significant difference between the
set of consistency measures achieved in scaling attributes
for a holiday companion before design and that achieved
after design,

Hypothesis 7?7 That there would be no significant difference between. the
set of consistency measures achieved in scaling attributes
for a school plan before design and that achieved after

design.

Hypothesis 8 That there would be no significant difference between the
set of consistency measures achieved in scaling attributes
for a school plan after design and that achieved in
scaling attributes for a holiday companion after design.
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9.2.4

Concordance between evaluations of school plans

Hypothesis 9

Hypothesis 10

9.205

That there would be no significant concordance between
the subjects' rating of school plans given by the
additive utility model indices.

That there would be no significant concordance between
the subjects' overall ratings of school plans.

Overall rating of school<pléns, additive utility model

Hypothesis 11

Hypothesis 12

Hypothesis 13

9.3

indices and hierarchical cluster analysis

That for each subject there would be no significant
correlation between the overall rating of school plans
and the rating given by additive utility model indices.

That for each subject there would be no correspondence
between the overall rating of school plans and the
hierarchical cluster analysis of similarity judgements
of school plans.

That for each subject there would be no correspondence
between the additive utility model indices and the
hierarchical cluster analysis of similarity judgements
of school plans.

Experimental Method

In order to test the hypotheses the experiment was organised as follows:

fi

The subjects (S5.1, S5.2, S5.3, S5.4, S5.5, S5.6) were
interviewed individually by the experimenter. Each was
given a brief verbal description of how the exercise

would be conducted.
Each subject was read the following statement:

"Consider the proposition of a fortnightts holiday in
Greece. Vhat important attributes or qualities would
you look for in the selection of a holiday companion?
Using brief descriptions write down the six most
important ones onto the cards provided."

The cards were labelled 'a' to 'f!'. The subject was
then given the numerical scale to be used in rating
attributes and a brief verbal description on how to
scale paired comparisons. The experimenter then handed
the subject all possible pairs of attributes in turn, in
the order shown in appendix 4.2. A simple rank was also

asked for and recorded.
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Each subject was given the site plan and brief for a
two~form entry primary school. He was read the
following statement:

"Consider the implications of planning a primary
school, on the given site and to satisfy the given
brief., What important attributes or qualities
would you take into account in planning the school?
Using brief descriptions write down the six most
important ones onto the cards provided."

The cards were labelled *a' to '£'., Each subject was
again given the numerical scale to be used in rating
attributes. The experimenter then handed the subject
all possible pairs of attributes in turn, and recorded
the scaled judgements for each pair using the form
shown in appendix 4.2. A simple rank order was also

asked for and recorded.

Each subject then proceeded to design a school plan on
the given site and to satisfy the given brief., The
subjects took between two and four hours, with an

average of about three hours.

Each subject was asked again about the attributes he
felt to be important in the planning of a school and
was given the option of amending those he had offered
before design. All six subjects elected to retain the
attributes offered before design. Each subject scaled
paired comparisons of his own attributes using the same

method as before design, as described above.

Each subject scaled paired comparisons of his own
attributes for a holiday companion using the same

method as before design, as described above.

The six school plans were redrawn by the experimenter

to a standard scale (1:500), orientation and format

(figure 9.2).

The redrawn plans were evaluated by the six subjects.

Each worked individually.

Each subject was shown all six plans briefly. Then the

form (appendix 4.6) with instructions on how to make
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10

similarity judgements of triadic comparisons of school
plans was given to the subject. The experimenter
worked through and gave the subject all possible triads
of school plans in the order shown on the form., In
each case the subject was given the choiece of completing
the form himself or having the experimenter do so.
Subjects S5.2, S5.4 and S5.6 themselves recorded for
each triad the similar pair and the attribute used to
separate this pair from the third; subjects S5.1, S5.3
and S5.5 asked the experimenter to do so. It was not
considered significant which course of action was
followed. ‘

The attributes used to differentiate between plans were
the attributes used in the evaluation of the plans. Each
subject copied his own attributes for evaluation onto
cards, and labelled them alphabetically. Each subject
was then asked to scale these attributes in terms of
their relative importance in the planning of a school.
Each subject was given the numerical scale to be used.
The experimenter then handed the subject all possible
pairs of attributes in turn, and recorded the scaled
judgement for each pair. A simple rank order was also

recorded,.

The redrawn plans were evaluated by each subject with
respect to each of his own attributes for evaluation.
Each subject was given the numerical scale to be used.
Taking each attribute in turn, the experimenter handed
all possible pairs of school plans to the subject and
recorded the scaled judgement for each pair with respect
to that attribute. In this way all the attributes were
worked though. The attributes were taken in the order
in which they had been lettered alphabetically after
being elicited in the triadic comparisons. This was
not necessarily the order of their subjective importance.
A simple rank order of plans with respect to each

attribute was also recorded.
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1 Finally the redrawn plans were evaluated by each subject
for their overall merit as schools, FEach subject was
given the numerical scale to be used. The exXperimenter
handed all possible pairs of school plans to the subject
in turn, in the order shown in appendix 4.4, and

recorded the scaled judgement for each pair.

9.4 Results

- 9.4.1 | Correlation between the ratings of attributes before

and after design

Hypothesis 1 was tested by calculating for each subject Spearman's rank
correlation coefficient between the ranks of attributes for a holiday
companion before and after design. Table 9.3 shows the data. The
following tabulation shows for each subject the rank correlation

coefficient and the significance level.

Subject Correlation Sige
coefficient level

S5.1 0.986 .01
S5.2 0.900 .05
S55.3 1.000 01
SS.4 0.600 NS

55.5 0.743 NS

55.6 - | 0.943 .01

In the cases of four of the six subjects, S5.1, $5.2, S5.3, S5.6, there
was significant correlation. The other two subjects, S5.4 and S5.5,
achieved a positive correlation coefficient although in neither case
was it statistically significant. However it is of interest that both
these two subjects exhibited low levels of internal consistency in
scaling the paired comparisons, as shown by the consistency measures in
table 9.5. A comparison between the simple ranks before and after

design for these two subjects gives the following:

Subject ' Correlation Sig.
coefficient level

S5l 0.886 .05

S5.5 0.943 .01
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The null hypothesis was rejected.

Hypothesis 2 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of attributes for school
plan design before and after design. Table 9.4t shows the data. The
following tabulation shows for each subject the rank correlation

coefficient and the significance level.

Subject Correlation Sig.
coefficient level
55.1 1 0.829 .05
|85.2 0.829 | .05
85.3 1,000 | <01
S5.4 1.000 .01
S5.5 1.000 «O1
55.6 10,829 - .05

The null hypothesis was rejected.

9.4.2 The effect of the order in which attributes were

scaled

Hypothesis 3 was tested by calculating for each subject Spearman's
correlation coefficient between the ranks of attributes for a holiday
companion before design and the ranks of attributes for school plan
design before design according to the order in vhich they were scaled.
Tables 9.3 and 9.4 show the data. The following tabulation shows for
each subject the rank correlation coefficient, and the signficiance
level (one~tailed test). '

Subject ) Correlation Sig.
coefficient level
55.1 0.814 NS
55.2 0.429 NS
S5.3 0,314 NS
55.4 =0,371 NS
85.5 =0.371 NS
85.6 ~-0.086 NS

The null hypothesis was not rejected.
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Hypothesis 4 was tested by calculating for each subject Spearman's

rank correlation coefficient between the ranks of attributes for school
plan design after design and the ranks of attributes for a holiday
companion after design according to the order in which they were
scaled. Tables 9.3 and 9.4 show the data. The following tabulation
shows for each subject the rank correlation coefficient, and the
significance level (one~tailed test).

Subject Correlation Sig.
coefficient level
55.1 0.486 NS
S5.2 0.671 NS -
85.3 0314 NS
85.4 10,086 NS
S5.5 -0,600 NS
85.6 -0.257 NS

The null hypothesis was not rejected.

9.4,3 Differences between the consistency achieved in

scaling attributes before and after desigm

Hypotheses 5 to 8 were tested by calculating Mann~Whitney's U between
the pairs of sets of consistency measures being compared. Table 2.5
shows the data. The following tabulation shows for each hypothesis (H)
the pairs of sets of eigenvalues being compared, the corresponding
value of U, and the probability under the null hypothesis'(one-tailed
test).

H Before design After design U Probability
Holiday | School | School Holiday under 1o
companion | plan plan companion

5 X ' 11 0.155

6 |x x 10 0.120

7 X X 12.5 | 0.220

8 X X 14 0.294

Null hypothesis 5 was not rejected.
Null hypothesis 6 was not rejected.
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Null hypothesis 7 was not rejected.
Null hypothesis 8 was not rejected.

944 Concordance between evaluations of school plans

Hypothesis 9 was tested by calculating Kendall's coefficient of
concordance between the six sets of ranks of the subjects' rating of
school plans given by additive utility model indices. Tablé 9.8
shows the data, The coefficient was found to be 0,149 which was not

significant., The null hypothesis was not rejected.

Hypothesis 10 was tested by calculating Kendall's coefficient of
concordance between the six smets of ranks of the subjects! overall
ratings of school plans. Table 9.9 shows the data. The coefficient

was found to be 0.251 which was not significant. The null hypothesis
was not reiected.

9.4.5 Overall rating of school plans, additive utility model

indices and hierarchical cluster analysis

Hypothesis 11 was tested by calculating for each subject Spearman's
rank correlation coefficient between the ranks of overall ratings of
school plans and the ranks of additive utility model indicies. The
following tabulation shows for each subject the rank correlation

coefficient and the significance level (one-tailed test).

Subject Correlation Sig.
coefficient level

S5.1 0.829 .05
55.2 0.600 NS
55.3 0,600 NS
S5.4 0.771 NS
55.5 0.943 .01
55.6 0.943 01

In all six cases there was a positive correlation coefficient but for
only three of the subjects, S5.1, S5.5 and S5.6, was it significant.
The null hypothesis could not be entirely rejected.

Hypotheses 12 and 13 were tested by comparing for each subject the

hierarchical cluster analysis of similarity judgements with both the
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overall ratings of school plans and the additive utility model

indices.

Figure 9.1 shows the data.

The following tabulation gives

a verbal extimate, on a four point scale, *high', ‘medium*, ‘low?,

*no', of the correspondence for each subject between the hierarchical

cluster analysis, the overall rating and the indices.

Subject | Correspondence with hierarchical analysis
Overall rating Additive utility model indices

S5.1 High correspondence. Cluster |Medium correspondence.

A~B-E: all rated highly. Cluster A-B~E: all rated
Cluster C~F: both rated low. |highly. Cluster C~F: both
rated low,

S5.2 High correspondence. Cluster |High correspondence. Cluster
A~B: both rated highly. A-B: both rated highly.
Cluster C-D-E~-F: all rated Cluster C-D-E-F: all rated
low, low,

S5.3 High correspondence. Cluster |Low correspondence. Cluster
B~C: both rated highly. E,A: |B-C: both rated highly.
rated third, fourth. Cluster :

D-F: both rated low.

S5.4 Medium correspondence, Medium correspondence, .
Cluster A~B~D-F: all rated Cluster A-B-D-F: all rated
highly. highly.

S5.5 No correspondence. Low correspondence. Cluster

C~D: both rated similarly.
Cluster A-B: both rated
similarly.

55.6 Medium correspondence, Hish correspondence. Cluster

Ciuster D-F: both rated
highly. Cluster B-E: both
rated low., C rated near B-E,

D~F: both rated highly. A
rated near D-F. Cluster B-E:
both rated low. C rated near
B~-E.,

Null hypothesis 12 was rejected.

Null hypothesis 13 was rejected.

9.5

Conelusions

9.5.1

The effect of the desicn vprocess on rating attributes

The purpose of each subject acting as his own control by scaling

attributes for a holiday companion was to ensure that if changes were found

[T S A

in the rating of attributes for a school plan before and after design,

this change could definitely be ascribed to the design process,

assuming that the rating of attributes for a holiday companion had not
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changed, The conclusion to be drawn from the results of testing
hypothesis 1 is that for each subject there was no significant change
in the rating of attributes for a holiday companion. The counclusion
to be drawn from the results of testing hypothesis 2 is that for each
subject there was no significant change in the rating of attributes
caused by the design process.

9.5.2 The effect of the order in which the attributes were
scaled

The results of testing hypotheses 3 and 4 were as expected. They show
that the order in which the pairs of attributes were scaled by the

subjects had no effect on the scaled judgements and therefore on the
ratings of attributes.

9.5.3 The effect of the design process on consistency

The results of testing hypotheses 5, 6, 7 and 8 were as expected in
view of the findings of Experiments Three and Four. There was no
significant difference between the set of consistency measures
achieved in scaling attributes for a holiday companion before design
caompared with those achieved in scaling attributes for a school plan
before design. There was no significant difference between the set of
consistency measure achieved in scaling attributes for a holiday
companion before design compared with afier design. There was no
significant difference between the set of consistency measures
achieved in scaling attributes for a school plan after design compared
with those achieved in scaling attributes for a holiday companion after
design., There was no significant difference between the set of
consistency measures achieved in scaling attributes for a school plan
before design compared with after design. The process of designing

a school plan did not cause changes in the consistency with which

attributes for school plan design were scaled.

9.5.4 Concordance between evaluations of school plans

There was no significant concordance between the subjects'! evaluations
of school plans, either in the ratings of overall merit or the ratings
given by the additive utility model indices. As there was considerable

variety in the attributes elicited from the subjects, and as the six
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architects may be presumed to have high levels of design skill and
therefore to be able to express accurately their priorities in their
designs, the lack of significant concordance between their evaluations

is the expected result.

9.5.5 Overall ratings of school plans, additive utility model

indices and hierarchical cluster analysis

The conclusions which may be drawn from the results of testing
hypotheses 11, 12 and 13 concern the comparison between three methods
of evaluation of the same stimulus items, the school plans. The‘
following tabulation is a combination of the results of testing
hypotheses 11, 12 and 13. For each of the three comparisons between
the overall merit ratings, the additive utility model indices and the
hierarchical cluster analysis, each subject is given a verbal extimate
on a four point scale, 'high', 'medium', 'low!, 'no', of the degree of
correspondence, In this tabulation the rank correlation coefficients
found in testing hypothesis 11 are converted to the verbal description
thus: correlation significant at 0,01 level, 'high'; correlation
significant at 0.05 level, 'medium'; positive correlation, 'low';

negative correlation, 'no',

Degree of correspondence
between pairs of results
Overall
. X X
rating .
Indices b'q X
Cluster
. X X
analysis
55.1 medium high medium
S5.2 . low high high
S5.3 low high low
S5.4 - low medium mediun
S5.5 high no low
55.6 high medium high

In this table it should be remembered that it takes only one set of

results to fail to correspond with either of the other two sets for



this to affect two of the three pairs. The results are therefore
encouraging in that in all cases except SS5.4 there is at least one
pair of results that shows a high degree of correspondence., Because
in all cases except S5.4 there is only one set of results which does
not correspond to a high degree with the other two, this set can be

identified for each subject thus:

S5.2 Utility model indices failed to correspond
S5.3 Utility model indices failed to correspond
S5.5 Cluster analysis failed to correspond

S5.tvs results exhibited the least correspondence among the six
subjects! sets of results. Part of the discrepancy may be ascribed to
his rating of attributes for evaluafion; although there were just six
of these, the consistency measure was 7,437, signifying serious
inconsistencies in the rating of attributes and leading to the lack of
correspondence between the overall merit ratings of school plans and
the ratings given by additive utility model indices. Even in the
overall merit rating of school plans consistency was below average at

6.774.

85.6's results exhibited the most correspondence, though there was a
slight discrepancy between his overall rating of plans.and the

similarity judgements.

These results are highly encouraging. They imply that the techniques
used have the potential to provide means of eliciting, structuring and
representing subjective judgements., Although certain discrepancies
have been detected, there is little doubt, particularly on the evidence
shown in figure 9.1, that the additive utility model indices do express
preferences among design alternatives within certain tolerances of
accuracy, and that in some cases these tolerances are very fine. The
accuracy of the indices suggests that their method of computation
based on the weighting of attributes and the weighting of plans with
respect to attributes presents a numerically precise and logically

coherent set of principles for the subjective evaluation of designs.
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Table 9.1
Description of attributes for a holiday companion

Sub-
ject

S55.1

S5.2

55.3

S5.4

S85.5

Attri-
bute

H 0 0 O T P

H 0 4 0 O ©®

Lo ]

H 0 & 0 o b H o 2 O

H 0o 2 Q O 9

Description

Sense of humour

Similarity of interests (lack of dissimilarity)
Similar financial priorities

Non-smoker '

Optimistic.outlook

Friendly disposition to others

Easy going

Feel reliant financially

Adventurous mind/approach

Interest in people's indigenous lifestyles
Sharing of enjoyment/activities

Liking of sun, sea, food

Availability - can they go away when I want to

Compatability = do they enjoy doing similar things to me,
e.g. sunbathing or visiting places

Money -~ do they have a similar amount to spend

- Initiative -~ can they take decisions on they own

Humour =~ is theirs the same as mine

Adaptability = are they prepared to rough it as well as stay
in hotels :

Wide interests
Female
Energetic
Enthusiastic
Considerate

Organised

Self reliance

Common sense of humour
Some common interests
About same financial limit
Similar sense of adventure

Mutually considerate ~ gense of conpromise
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Sub- Attri- Description

Ject bute
S5.6 a Openmindedness -~ critical and enquiring attitude to new
experiences
b Anti-garrulousness
c Likes food and new sorts
d Not defensive towards the nations
e Knowledgeable about places visited
b 4 Ability to relax and be lazy
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Table 9.2

Description of attributes for school plan design

Sub~ Attri-
ject bute

3501 a

b

8502 a

35 03 a

Description

Assembly hall on main circulation route, also direct access
to playground

Classroom -~ relation to outside environment including
courtyards (using outside as teaching area),
(views, access and sunshine)

Dining areas ~ linked to kitchén, stores and delivery area
Administration areas - some seclusion from noisy child areas

Library - a common resource; therefore on main circulation;
some quieter area

Boiler - type of heating system? running costs/energy

Flexibility ~ short term: daily use/activities
~ mid term: changing educational approaches
-~ long term: possible other uses (non school?)

Optimise use of scarce resources
~ each space to offer alternative possible uses
- contiguous spaces Jjointly offering other alternatives
- waste eliminated -~ internal circulation
~ external vehicular access

Child's scale/identification - recognisable/different spaces
~ clarity of space organisation
group identity

teaching extends outside
openness

Outside/inside relationships

Orientation/aspect/shadowing

Access -~ vehicles: car park (staff, visitors), deliveries
- pedestrians

Orientation ~ relating the building to the sun, prevailing
winds and views

Front entrance - making it clear to a visitor how/where to
enter the building

Flexibility - potential for re-arranging class sizes and
carrying out internal replanning

Money -~ its effect on plan, form and circulation areas

Informality/scale ~ helping to create an environment in
which studying is encouraged, by planning

Grouping ~ linking rooms/areas of related activities near to
each other
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Sub-
Ject

S5.4

55.5

Attri-
bute

a
b

H ® & 0 o §

Description

Closely articulated areas -~ densly planned core to the school

Secure !'family' spaces =~ each child has an opportunity of
identifying his class/space - internal and external areas

Indication of hierarchy - headmistress and teachers at the
centre of the school = clarity of control

Choice of private spaces or loose open meeting/circulation
areas i.e. an adaptable building

Flexibility in the classroom -~ anopportunity for all to
structure/change/rebuild their own environment for
different activities, i.e. Adventure

Formal assembly hall - visual discipline of ranks/grades
within the school. Unchanging focus of the essence of the
school

Econony of circulation: reducing and making optimum use
(compactness)

Grouping of spaces by function, time and frequency of use
and by whom

Provision of sunlight, priority: classrooms, library,
administration, dinning, assembly

Separate service/personnel entrance

Relationship to outside for views and daylight, priority:
classrooms, library, dining, assembly, administration

Breaking down overall massing to create outdoor space and to
avoid over-simple form

Similarity of parts

Administration hierarchy not reflected in plan arrangement
Flexibility

Light and airy (as opposed to fcosy')

Simple structure/building system

Clear, easily understandable circulation
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Table 9.3 Rating of attributes for a holiday companion before and after
design: eigenvectors, corresponding ranks and rank correlation
coreeicient (r)

Subject Attribute Before design | After design Correlation
Figen~ | Rank Eigen~ | Rank r Significance
vector vector level

a <111 3¢5 131 L
. b .385 1 0357 1

S5.1 c 228 2 201 2 0.986 |0.01
a »111 3.5 .162 3
e 0099 5 0118 5
£ .066 6 .052 6
a .074‘ 5 0071 )'{‘05
b «369 1 «357 1.5

55.2 c 4298 2 «357 1.5 0.900 | 0.05
d 112 3 ,071 k.5
e Moyl 5 .071 4.5
£ Kol 5 .071 4.5
a .381 1 376 (1
b 230 2 221 2

S5.3 c 701 L «105 L 1.000 | 0,01
d . 032 6 LOl2 6
e 184 3 191 3
f 073 5 .066 5
a 354 1 .136 b
b .059 5 .063 5

S5.4 c .120 L 177 3 0.600 | NS
4 .189 3 222 2
e 232 2 « 570 1
f 037 6 .032 6
a 234k | 2 .237 2
b 093 4 .069 6

S5.5 ¢ 057 | 6 071 5 0.743 .| NS
4 224 3 160 3
e 092 5 .075 L
f 291 1 .388 1
a 465 1 L29 1
b «202 2 .125 3

55.6 c 115 b .089 L 0.943 | 0,01
a Oh7 |5 L0443 5
e .033 6 034 6
£ 139 3 .279 2
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Table 9.4

Rating of attributes for school plan design before and after

design: eipenvectors, corresponding ranks and rank correlation
8n g $ p I)

coefficient (r)

Subject Attribute Before design |After design Correlation
Eigen- | Rank Eigen~ [ Rank r Significance
vector vector level

a 216 2 240 2
b <514 1 L3 1
55.1 c .708 3 075 5 0.829 | 0,05 °
d .063 5 .080 b
e .070 b 41 3
f .030 6 .030 6
a 0181 2 -193 2
b 172 3 .166 3
S5.2 c 31 1 485 1 0.829 | 0.05
d 066 5 .056 4
e .057 6 .052 5
f 093 L LO48 6
a 27 1 2346 1
b 150 3 «177 3
S5.3 c .070 5 061 5 1.000 | 0.01
a .102 L 10 4
e .055 6 L0465 6
£ .196 2 .266 2
a 037 6 L0 6
b 339 |1 349 1
SS.b c .051 5 .050 5 1,000 | 0,01
d 279 2 272 2
e 212 3 201 3
f .083 b 054 L
a .120 4 077 b
b 376 1 +381 1
55.5 c 057 5 .09 5 1.000 | 0.01
a .160 3 187 3
e 249 2 260 2
£ .037 6 LOU6 6
a 055 |5 .056 5
b .088 L .076 b
55.6 c .260 2 237 3 0.829 | 0.05
d O34 6 .033 6
e .228 3 0314 1
f «335 1 .285 2
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Table 9.5

Consistency achieved in scaling attributes

Subject | Before design After design
Holiday companion | School plan School plan Holiday companion
Amax Rank amax Rank Amax Rank Amax Rank

S5.1 6.943 b 6.411 3 6.546 5 6.725 L

85.2 6.320 1 64329 2 6.158 1 6.000 1

85.3 6.582 2 6.202 1 6.345 3 6374 3

S5.4 7.339 6 6.735 b 6.329 2 7.078 6

85.5 7313 5 7.124 6 6.709 6 64277 2

S5.6 6.739 > 6.812 5 6.843 b 6.756 5




Table 9.6

Description of attributes for school plan evaluation

Sub- Attri-
ject bute

8551 a

e & O T

(5]

Eigen- Description

vector
«192 Circulation -« efficiency in moving
~ shape positive/negative
~ aesthetic .
2h2 Classrooms - aspect/orientation
.032 Handling of service areas, kitchen waste/fuel
.102 Courtyard - effectiveness
.066 Consideration of staff rooms ~ location, off
circulation
197 Architectural content - giving the building a focus

~ creation internal places
~ connections with the site

<045 Entering the building - children, staff
LOl2 Library - location/handling
.081 Building economies

Consistency: Amax = 9.603

.189 Cost

024 External access

.055 Internal circulation

-270 Child identification - group, scale
119 Flexibility

.025 Orientation

249 Richness of spatial relations/experience, including
inside/outside relations, broken up geometry

.059 Compactness - energy

Consistency: Amax = 8.905

35.2 a
b
c
d
e
b 4
g
h
55.3 a
b
c
d
e
hid
g

LOU47 Compactness
b2 Outward growing discipline - planned informality

.209 Clear main entrance to building

.096 Clear circulation route

153 Relation between plan, form and site
.288 Focal point or central space

.06k Zoning of activities

Consistency: Amax = 7.496
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Sub-
ject

S5.4

555

55.6

Attri- Eigen Description
bute  vector
a .158 Good orientation of elements
b 317 Good integration and grouping of elements
c 228 Variety, interest, choice and informality of layout
d .083 Syrmmetry, order, simplicity and formality of layout .
e «093 Cheap to construct, compact
f 121 Good circulation
Consistency: Amax = 7.473
a .15% Exploitation of external spaces - use
b «097 Main entrance - staff overlooking and access to
staff
487 Internal circulzation - separate from hall
JO43 Exploit internal space - relationship to courtyards,
visual and circulation
049 Compactness
«170 Views and sunlight - c¢lassroom, hall, staff
Consistency: hmax = 6.817
a L9 Orientation
b .218 Compactness
c .068 Symmetry
d .265 Clear geometry

Consistency: Amax = 4,282
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Table 9.7 Rating of school plans with respect to attributes, and
consistency achieved

Sub~ | Attri~ | Plans Consistency
ject | bute Eigenvectors : Amax
A B C D E F
85.1 | a 370 | 4139 | J096 | .073 | .277 | .O46  |6.439
b 243 .| 271 | L051 | 089 |.24h9 | L0398 [6.334
¢ 354 | .129 | L0868 | .107 | 226 | .116 |6.350
d 331 | .303 | ,060 |.075 | .185 | .06 |6.322
e 2392 | 109 | .162 | .056 | .083 | .197 [6.277
f 37 | 203 | 068 | .115 | .199 | .O4O [6.417
g $317 | «177 | 4087 | .198 | 172 | LOH8 [6.690
h 300 | J4h | L051 | 145 | 289 | LO71 [ 6.233
i 050 | .130 | .232 | .077 | A1 | 369 |6.328
S5.2 | a «031 S19% | 251 076 | .057 | 391 6.663
b 201 | 488 | ,038 | .125 | .098 | .050 |6.613
c L2U3 | J486 | L050 | L098 | .059 | 064 | 6.492
d 356 | 356 | 035 | 084 | .136 | .033 |6.434
e .0‘!"‘0 0295 0103 0107 cd+6 .’4‘10 6.461
f 067 | 290 | L029 | 419 | .O073 | .122 | 6,695
g L29 [ 296 [ LO45 | .119 | L082 | .028 |6.623
h 030 | .245 | 149 | .110 | LOS57 | LO9 | 6.442
55.3 | a .032 | 108 | 248 | 159 | .058 | .395 |6.484
b 112 | JB29 | L2198 | JO%2 | L168 | L032 [ 6.433
c 036 | 2177 | 287 | 397 | .085 [ .058 |6.501
d 031 | 104 | 366 | .15 | .055 | .286 |6.677
e LO49 | 255 | JA48 | L052 | .150 | L0447 | 6.234
f 280 | 095 | 377 | .162 | LO46 | LO39 |6.236
g 139 | O3k | 258 [ .04 | LO53 | 412 [ 6.577
S5.4 | a 257 | 127 | JO34 | 268 | .257 | .057 |6.278
b 171 | «19% | .030 | 469 | L0650 | .O76 |6.642
c 251 | 343 | JOu9 | 291 | 102 | .O43 | 7.023
d Al | o120 | L032 | 402 | L0687 | .225 | 6.842
e .031 | .138 | .096 | .200 | .059 | 475 |6.640
f 263 | J377 | JOB1 | 204 | .052 | .053 | 6.783
S5.5 | a L60 | 267 | LOMO | LOM6 | L1437 | LOS0 | 6.297
b .037 | <215 | .298 | .110 | .297 | .O43 | 6.424
c 092 | 041 | L179 | 220 | 19 | LOH9 | 6.450
d 2292 | 45 | L052 | L093 | .362 | JLO4S5 | 6.323
e <035 | L0680 | ,223 | 186 | 099 | .397 |6.476
£ 131 | 313 | L058 | L0783 | .290 | .130 | 6.593
85.6 | a 18k | 034 | L025 | 279 | .433 | .296 |6.3h2
b 033 067 | 282 77 | L0097 | 345 | 6.644
c .186 | .055 | .032 | .343 | 038 | .345 |6.358
d 108 | .037 | .184% | .295 | .038 | .337 |6.%52
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Table 9.8

of concordance (W)

Rating of school plans given by additive utility model indices, corresponding ranks and coefficient

Plan |{Subjects Concordance
Indices ‘ Ranks W Sig.
S5.1 |S5.2 |S5.3 |S5.+ |S5.5 |85.6 |S5.1 |S5.2 |85.3 |S5.% |S5.5 |S5.6 Level

A G306 |.236 | 4125 |.199 |.156 | .131 |1 2 b 3 2 3

B 199 | 304 | .182 | .229 |44 | ,066 |3 1 2 2 S 6

c L088 [.095 |.323 |.O43 | .1k6 | 124k |6 5 1 6 L L .149 NS

D L9 [ .106 | .173 |.316 | .151 | .266 |5 L 3 1 3 2 '

E 216 |.085 |.089 |.100 |.32h |,094 |2 6 6 5 1 5

F 097 |.175 |.108 .14 | .079 | .321 |4 3 5 L 6 1
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Table 9.9

Overall rating of schocl plans: eigenvectors, corresponding ranks

and coefficient of eoncordance (W) .

Plan | Subjeects
Eigenvectors Ranks Concordance
S5.7 [585.2 [85.3 |S5.4 |S5.5 |S5.6 |S5.1 |[8S5.2 [S5.3 |[S5.4 [S5.5 [S5.6 |W Sig. level
A .330 | .251 068 | .39% | .266 |.078 |1 2 4 1 2 L
B 80 | 476 | 247 | .152 | .103 | L0333 |3 1 2 3 4 6
C LO0R8 | LO45 | 478 | ,029 | .070 |.147 |5 5 1 6 5 3 .251 | NS
D 2106 | .127 | L0566 | .319 | .129 | .227 |4 3 5 2 3 2
E 271 071 120 | ,062 | .395 | .050 |2 b 3 4 1 5
F 045 | .03 L030 | .O%5 | .037 | 4hE | A 6 6 5 6 1




Figure 9.1 Comparison between each subject's similarity
judgments of school plans and the weighting given in overall
evaluation and in evaluation derived from additive utility
model indices.
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Figure 9.1 continued
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Figure 9.2 The redrawn school plans

The following six pages show the redrawn school plans prepared in
Experiment Five.
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CHAPTER 10 SUMMARY OF FINDINGS AND DIRECTIONS FOR FUTURE WORK

10.1 Validation of the Theory

The tentative theory proposed in chapter 2 was derived primarily from the
literature search, and in drawing conclusions on the validity of the
theory certain assumptions derived from the literature remain
assumptions; they have not been tested in this thesis. This will

become clear as conclusions are summarised, with reference to

reiteration of the theory proposed in 2.7.

1 Designers may initially rely on a small set of strongly

valued attributes to generate their desizn conjectures.

The designers had no difficulty in the experiments in
offering a short list of valued attributes and

proceeding to scale them.

In Experiments One and Five each subject when asked was
able to describe six attributes for school planning with
no difficulty. In the triadic comparisons in Experiments
One and Five the designers did use between four and ten
attributes to differentiate between the school plans,

out of a possible twenty.

In Experiments Three and Four the designers in offering
attributes by brainstorming gave initial lists of 35 and
19 respectively but found it quite feasible to reduce
this number down to a basic list of six. In evaluation
they were given the opportunity of describing up to
twenty attributes in the triadic comparisons but four
out ©f the twelve subjects used only the six attributes
agreed at the start of the experiment and the rest used

between four and nine.

However it has to be stated that the whole experiment,
particularly the nature of the school plan as a design
exercise, did encourage the use of only a limited number
of attributes by the subjects. Similarly the nature of
the way prioritization was used in the experiments also
presupposed that a small number of attributes would

account for designers' preferences. The supporting
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evidence for these assumptions comes only partially from
the experiments, and primarily from the literature, as

described in chapter 2.

The attributes designers value may be understood as being

weighted and ranked.

The designers were able to ascribe weights to the
attributes for design using the techniques employed in
the experiments. They did not appear to have difficulty
in doing so. In particular the consistency measure
given by the maximum eigenvalue showed that, with few
exceptions, they were able to perform this task with a
considerable degree of internal consistency. This
supports strongly the belief that designers do have an
internally consistent value system which can be
elicited verbally and numerically, There seem no
reasons to believe that this value system does not
guide and justify decision making in the design
process, In the eﬁaluation of alternative designs, the
designers were again able to ascribe weights and to

rank the attributes they were using.

The weighting and ranking of attributes may change

during the design process as the designer finds he needs

to nexotiate a solutions The internal consistency with

which attributes are scaled may improve as a result of

the desincn process.

The results of Experiments Three, Four and Five are most
pertinent to this guestion., Control parts of Experiments
Four and Five, in which designers rated attributes for a
holiday companion, showed that there were no arbitrary
changes in attributes for a holiday companion during the
expeciment, Thus any changes in the rating of attributes
for a school plan may be ascribed to the effect of the

design process.

The results show that in the case of some subjects
priorities did change, in others they did not. If it

can be accepted that these three experiments, although
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slightly different in their respective organisation,
yield results which are broadly comparable, then some

quite interesting conclusions may be drawn.

In Experiment Three four out of six non-architects
changed their priorities, In Experiment Five no
architects changed their priorities significantly.
These are very small samples to draw any conclusions
from but it does seem possible that architects have a
fairly fixed view of priorities; they know the major
trade~offs they will make., Non~-architects, given a
school to design, may be barely able to predict what
trade-offs they will make during the design process, so
the design process may cause some of them to change
their priorities. Students of architecture may be
somewhere between these two states. In an unusual
design problem using novel technology (Experiment Two)
changes in priorities may be more pronounced, although
there was a longer time interval between the two
performances of prioritization, which might account for

the recorded changes.

A feasible alternative explanation might appear to be
that the architects used their own individual attributes
in contrast with the non-architects and students who
agreed sets of common attributes, and that this
difference in experimental organisation accounts for the
measured changes. This explanation is rejected however
for two reasons. First in scaling attributes the
students in Experiment Four achieved just as gond a degres
of internal consistency as the architects. Second the
attributes for a holiday companion were agreed in just
the same way as those for a school plan so if the
changes in priorities were a result of the attributes
having been agreed in a group as opposed to being
elicited from the individual, the students would show a
change in priorities among attributes for a holiday
companion. This is not the case, and the alternative

explanation is rejected.
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No significant changes in the consistency with which
subjects scaled attributes before and after design were

recorded in the experiments.

Designers may differ in the attributes they value, and

in their evaluation of the same attributes.

The first part of this statement may be considered from
the findings of Experiment Five. The six architects
were each asked for attributes they considered important
in the planning of a school. While there are some
common concerns, for example sunshine, light and
orientation were mentioned by five out of six subjects,
some attributes were mentioned by only one architect,
for example simple structure/building system. There was
even strong disagreement over some attributes: S5.4
mentioned 'Indication of hierarchy - head and teachers
at the centre of the school -~ clarity of controlt
whereas S5.6 preferred to see 'Administrative hierarchy
not reflected in plan arrangement'., Similar results

are to be found in Experiment One, Designers do differ

in the attributes they value.

For the purposes of Experiments Three and Four sets of
common attributes were agreed in group situations, while
in Experiment Two the attributes were decided by tutors.
These experiments allow the second part of the statement
to be considered. In Experiments Two and Four; in both
of which the subjects were students of architecture,
there was significant concordance between the ranks of
attributes. These results are slightly surprising but
may be explained by a theory put forward by March & Simon
(1958%) that the decision maker's organisational
environment influences his value system., Two groups of
subjects, each homogeneous in its composition of students
of architecture, seem to have resulted in agreement about

priorities.

In Experiment Three the subjects did not share similar
backgrounds. Although before design there was agreenent
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among priorities, changes caused by the design process
resulted in significant differences among priorities
after design. These designers differed in their

evaluation of the same attributes.

From these results it appears that while designers may
differ in the attributes they value, when a homogeneous
group'of designers agrees a set of common attributes
there may be significant concordance among their ratings

of attributes.

The differences between designers' value systems will

account in part for the differences between their design
proposals.,

If Rescher'!s description of values were followed this

statement would be a presupposition: if values are
inferred from words and actions then words and actions
would lead to assumptions about values in a decidedly
non-empirical way. What is intended in the present
experiments on the other hand is to try to show how
verbally stated decisions about priorities are expressed
as design proposals., Experiment Five provides the most
dramatic demonstration. Each scheme shows quite clearly
how the designer's value system manifested itself in the
design. S5.1, for example, planned his school with the
assembly hall in the centre, the library beside the main
circulation route, the classrooms clustered around the
courtyards, and the administration offices secluded by
being on a separate first floor. . This corresponds
closely with what might be expected from his verbally
expressed attributes. S5.6 planned quite a different
school. A simple structural system, flexibly planned
classes, and central circulation spine are clearly
visible in the plan, and were among his verbally stated

attributes.

One potential misunderstanding in this section should be
cleared up. It concerns the results of Experiment Four.

In this experiment there was statistically significant
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concordance between the six designers® ratings of
attributes. However that does not imply that the six
designers would therefore be expected to show no
differences between their designs. The point is that
although as a group there might be statistically
significant concordance there will still be individual
differences., Thus where, for example, Sk.2 rated
orientation as the prime attribute, S4.3 rated it only
fifth., Differences of this kind, although not measured
by the statistical procedures used, are nevertheless

influential in their effects on the design process.

The differences between designer's value systems will

account for their differing evaluations of alternmative

design proposals; they will favour plans which reflect

their own priorities and reject plans which do not.

The two parts of this statement need to be separated.
For it is an assumption of multi-attribute utility
analysis that decision makers do make decisions to
maximise their value or utility function, that is, that
they Qo prefer plans which exhibit a high degree of
fulfilment of the attributes which they value., This is
therefore an assumption built in to the present

experiments.

What is more important is to be able to examine and to
explain the designer's different ratings of alternative
designs, in terms of their differing value systems.
This, the present experiments do. In evaluation the
designers have generally been in agreement about the
degree to which plans fulfil individual attributes, that
is, they have agreed on the relative compactness, small
scale, and so on, of the plans., Where they have differed
about the relative importance of these attributes they
have also differed in their evaluations of alternatives;
where there has been agreement about the relative
importance of the attributes there has been agreement

about the rating of the designs.
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10.2 Success of Prioritization as an Experimental Technique

Saaty's method for eliciting and scaling judgements has proved to be
extremely valuable in the present thesis., The ability of the technique
both to enable weights to be ascribed to activities, and to provide a
measure of the internal consistency with which this has been done, allow
designers' value systems as expréssed verbally and numerically to be

compared with their designs.

In evaluation, the same technique, together with the method of triadic
comparisons and hierarchical cluster analysis, provided an efficient
means of evaluating alternatives. Through comparisons of evaluations
achieved by the overall merit ratings of designs, the hierarchical
clustering, and the additive utility model indices, it has been
possible to comment on the apparent reliability of the methods used.
Figures 7.1, 8.1 and 9.1 show the comparisons in graphical form. The
most encouraging sets of results are those in chapter 9 (Experiment
Five) where as figure 9.1 shows correspondence between the three sets
of results was generally good. The reason for this seems to be that
the subjects were able to use their own attributes in the partial
judgements, so the additive utility model indices better reflected
their subjective judgements and therefore corresponded more to their
overall evaluations. Where in Experiments Three and Four there were
only low degrees of éorrespondence between the overall evaluation and
the indices, it was possible for the most part to account for this
within the experiments by showing that some subjects had not in fact
used the six given attributes in their overall evaluations. This last
finding shows how in these two experiments the techniques were used to
permit integral checks to account for potential discrepancies in the
results, over and above that provided by the measure of consistency in

prioritization.

"When subjects did use only their own attributeé in the evaluation,
Saaty®s prioritization and the use of an additive utility model
generally did provide consistent results to account for designers!
evaluations in terms of their value systems. It could be argued that
for such results to be achieved using the technique for the first time
and without feedback of the answers or the opportunity to revise them
is indicative of their potential. Nevertheless results of this kind
prompt two arguments. The first is that if only half the subjects
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achieved meaningful results then is there any point in using techniques
of this kind: would not an intuitive judgement be just as worthwhile? -
The counter argument is that if judgements demonstrate lack of correlation
in their answers then should not systematic techniques be introduced to

encourage rational thinking?

Research has shown that people make judgements which are inherently
inconsistent, but that they are prepared to amend their judgements when
the inconsistencies are revealed to them. This has been demonstrated,
for example, about judgements based on statistical knowledge; even
those with training in statistics made inaccurate judgements and were
prepared to amend them when discrepancies were pointed out (Tversky &
Kahneman, 1977).‘ These findings are strongly supportive of the latter

argument given above, in favour of the use of weighting techniques,

If it is accepted that weighting techniques are useful, then lack of
internal consistency in the results necessitates the decision maker
being given this as feedback in order for him to see his inconsistencies
and to revise his judgements. It is in this context that these
reasurement techniques would hecome design aids. A dialogue takes
place when the respondent is presented with the analysis of his
judgements and is shown discrepancies and inconsistencies. Through
this feedback mechanism he learns about his own subjective judgements
in a way, perhaps, that simple introspection cannot reveal. Although
that step has not been taken in the present thesis, these experiments
have nevertheless revealed the potential use of these techniques as

design aids.

10.3% Potential Use of Prioritization as a Design Aid

The relative ease of using the techniques for eliciting and structuring
subjective data,and their demonstrated success in investigating
designers' values and the evaluation of designs,indicate that they
might prove useful as design aids. The potential range of uses

includes the following:

1 Individual desimners

In view of the results achieved by Abercrombie
(reported in 1.1) that judgement may be improved by
increasing self-awareness, the individual designer might
use the design aid either to measure his own value
system or to evaluate formally his alternative sketch
plans for a design problem.
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Designer teams

Teamwork in building design has become increasingly
necessary, as reported in 1.1. BEach member of the teanm
may value different attributes, resulting in conflict of
opinion about what the objectives in a particular design
problem are. The use of the present technique, by
eliciting the various value systems, would encourage
discussion to resolve conflicting priorities among team
members.

Evaluation of alternative design proposals

Alternative design proposals are commonly evaluated in
planning departments, by companies commissioning
buildings, in architectural competitions, and in schools
of architecture. In all cases a formal evaluation
method of this type would enable decisions to be
Justified by a logical and coherent set of principles,
preventing the accusation of arbitrariness (Daley, 1969).

Teaching design

Judgements have been shown to be an essential part of
the design process, The techniques used here provide a
logical framework for making judgements explicitly. OCne
of the aims of teaching design must be to encourage self
awareness of the design process by the designer.

Another must be to encourage him to think about
alternative proposals before making final decisions.

One point of being a student of architecture is to be
able to explore a much wider range of alternatives in a
way often precluded by pressures in design offices. A
design aid of this kind encouages self awareness and
provides a means for exploring the judgements implied by
alternative designs. '

Computer aided building design

One of the trends in CABD is to provide guantitative
evaluations of the performance of design proposals.
Calculations of daylight factors, heat losses, energy
consumption, and capital and running costs are available
on CEDAR and ABACUS systems, for example., A major
criticism frequently made in the correspondence columns
of architectural journals is that quantitative aspects
will become concentrated upon by designers using CABD
systems at the expense of qualitative judgements, Even
Weinzapfel (1973), writing about IMAGE, noted that it
was possible for designers to become seduced by the
machine and to fail to take account of its limitations.
Maver however reports different findings.

"Contrary to the fears of many architectural
practitioners; the use of CAAD techniques focusses
increased attention in subjective value judgements,
rather than less. As the measurable attributes are
made more explicit, the necessary wvalue judgements
are forced to the surface of the design activity and
thereby, themselves become more explicit" (Maver,
Smith, Watts & Aish, 1979).
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The designer's task thus becomes one of balancing the
measurable attributes among themselves, and with the
qualitative attributes he values. The present

technique could prove a means of integrating these
judgements., In doing so it would provide a slightly
different approach from that taken by Cakin, described
in section 2.5. The performance profiles which Cakin
presented to some of his experimental subjects took the
form of histograms. Two important points about these
histograms are, first, that they convey information only
about the attributes which the experimenter choses to
measure and to present, and second, that the form of
presentation gives each attribute equal weighting. Thus
the evaluator may not only tend to rely on just the
attributes which have been presented, but alsc may be
discouraged from weighting even these attributes
differently. '

A technique like the present one could provide an
interesting addition ta the use of performance profiles.
Either the designer could be given the quantitative
information and then proceed to use the weighting
technique in the light of this information. Or by
integrating the technique into a CABD system it might be
possible for the designer to make judgenments about the
relative importance of attributes in such a way that the
performance profile could both show the attributes with
which the designer was most concerned, and present them
in a way which reflected his subjective weighting of
attributes, Alternatively of course it would be possible
to ascribe weights to the attributes not according to the
designers' values but according to those of the client

or of the users.,

Clients! and users' values

If designers' value judgements have such a significant
and demonstrable effect on their preferences among
alternatives, and on their design proposals (as implied
in this thesis and described by Darke, 1979, and
Campbell, 1972) then the question is prompted as to how
well these values correspond with those of their clients
and of users of buildings. A great deal of research on
the evaluation of the built environment has been carried
out under the heading of architectural psychology but
there is little evidence to suggest that the findings
have yet been applied to a significant degree in design
practice. Canter (1977a) emphasises the difference
between the research findings of scientists and the
assimilation and application of their results in
practice.

On the other hand Abel (1975) reports the use of repertory
grid technique, in a school of architecture, used to
encourace students to appreciate the constructs of their
clients. The author has used the present technique
successfully to elicit the priorities of client
representative in commissioning the design of a

- 222 .



building, as part of a research project into industrial
buildings (Nixon, Perera & Goumain, 1979). It may be
the case that a technique of this kind could be used by
designers to elicit the judgements of their clients,
both to find their priorities and to obtain their
reactions to alternative sketch proposals. This latter
is the present direction of third generation design
methods (Broadbent, 1977); those affected by design
proposals are encouraged to evaluate the expert
designers!' conjectures.

This brief survey is not intended to convey the opinion that multi-
attribute utility analysis is a universal tool, but at the same tinme
as judgement is believed to be an essential part of the design
process (Collins, 3;2) and as better judgements are believed to result
from self awareness (Abercrombie, 1;1), so techniques of judgement

analysis are highly relevant to the design process.

104 Concluding Remarks

Design is a coumplex activity, and one which needs to be simplified in
oxrder to be understood and described. This thesis has based the
simplification on value theory, taking as its major premise the view
expressed most succinctly by March '

"making decisions with respect to matters of value is

designing" (March, 1976h).

Ixisting observations of design, particularly those resulting from
monitoring and interviewing designers, indicate the important role of
value judgementé in design. Value theory provides a framework for
creating from these observations a tentative theory., The application
of multi~attribute utility analysis, in the from of a scaling technique
developed by Saaty, provides a means to elicit and to analyse
designers' judgements. A series of experiments enable the hypotheses,
which arise from the tentative theory, to be tested using the scaling

technique.

The results of the experiments provide strong evidence in support of
the tentative theory, They underline the virtue of value theory as a
means to understanding design. They stress the importance of the
subjective structuring of design problems. The success with which the
scaling technique can be used to elicit this subjective structuring
shows how frequently covert and implicit value judgements may be

investigated experimentally, for the benefit of the design community,
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and practically for the self awareness of individual designers.

The implications of the results for teaching are that alternative value
systems be explicitly discussed and compared, and that awareness be
developed of the design implications of alternative value systems. For
practice the findings imply that for designers to respond to clients!

" needs it is essential for them to be briefed as precisely as possible,
or to find out as much as possible, about their clients' values.
Alternhatively if it should prove to be the case that designers' values
remain unmodified by their clients' needs, then clients must choose
designers whose values correspond to their own. Finally for research
there seem to be several potential lines of development of these
ideas: using judgement analysis techniques in conjunction with
quantitative evaluations provided by CABD systems, exploring the effect
of specifying objectives or values on design proposals, and exploring
whether and how a designer's value system is expressed in several
different design problems. In experiments to monitor design processes
it seems essential to study strategies in the context of wvalue

systems and design proposals; if the differences between value systems
have such obvious effects on designs, it seems highly likely that they
will also affect designers' strategies. One or more of these studies

would seem to be an important next step for design research.
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Appendix 4.1

The numerical scale for prioritization

THE SCALE AND ITS DESCRIPTION

Intensity of |Definition Explanation
importance
1 Equal importance Two activities contribute equally
to the objective
3 Weak importance of |Experience and judgement slightly
one over another favour one activity over another:
5 Essential or strong | Experience and judgement strongly
importance favour one activity over another
7 Demonstrated An activity is strongly favoured
importance and its dominance is demonstrated
in practice
9 Absolute importance | The evidence favouring one activity
over another is of the highest
possible order of affirmation
2, 4, 6, 8 Intermediate values | When compromise is needed

between the two
adjacent judgements

Note: This scale was given to subjects as Table 2 (see appendix 4.2).




Appendix 4.2 The form for scaling attributes

Name: T:

Before you are six attributes on lettered cards, in alphabetical order.

You are to take the cards two at a time in the order shown in table 1.
(Do not look at the remaining four while considering each pair.) For
each pair look at the scale in table 2, Decide which one, if either,
of the two is the more important in the planning of a two~form entry
primary school (to satisfy the given brief, attached) and underline it
in table 1. In the columm labelled 'score' allocate a number to that
more important attribute, in accordance with the scale given. If you
consider both to be equal do not underline either, and allocated a score
“of '1' to that pair (as described in the scale in table 2), Finally
in the section 'overall rank! please give a rank ordering of the
attributes in descending order of importance (i.e. most important
first). _ ,

Please take as much time as youn need. When you finish, bring this page
to me,

Table 1

Pair (underline the more Score (using scale
important attribute) in table 2)
a b

b c

¢ s

d e

e f

a c

b 4

¢ e

d f

a d

b e

c f

a e

b f

a f

Overall rank:




Appendix 4.3 The form for scaling plans with respect to one attribute

Names . T
’ Attribute:

Before you are six school plans on lettered cards, in alphabetical
order,

You are to take the plans two at a time in the order shown in table 1.
(Do not look at the remaining four while considering each pair.) For
each pair look at the scale in table 2, Decide which one of the school
plans would be the better with respect only to the attribute above, and
underline its letter in table 1, column 1, In the column labelled
'score! (table 1, column 2) allocate a number to the better school plan
relative to the other of the pair, in accordance with the scale given
in table 2. If you consider both plans to be equally good do not
underline either, and allocate a score of '1' to that pair (as described
in the scale in table 2). Finally in the section ‘overall rank' give
a rank ordering of the plans with respect to the attribute above in
descending order (i.e. best first).

Please take as much time as you need. When you finish, bring this page
to me,

Table 1

Pair (underline Score (using scale
the better plan) in table 2)
A B

B C

Cc D

D E

B F

A C

B D

C B

D F

A D

B B

c F

A B

B F

A F

Overall rank:
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Appendix 4. The form for scaling plans for their overall merit

Name: _ T:

Before you are six school plans on lettered cards, in alphabetical
order.

You are to take the plans two at a time in the order shown in table 1.
(Do not look at the remaining four while considering each pair.) For
each pair look at the scale in table 2., Decide which one of the school
plans would be the better school and underline its letter in table 1,
columm 1, In the column labelled 'score' (table 1, column 2) allocate
a number to the better school plan relative to the other of the pair,

" in accordance with the scale given in table 2. If you consider both
plans to be equally good do not underline either, and allocate a score
of '1' to that pair (as described in the scale in table 2). Finally
in the section 'overall rank® please give a rank ordering of the plans
in descending order (i.e. best first) :

Please take as much time as you need. When you finish, bring this page
to me. )

Table 1
Pair (underline Score (using scale
the better plan) in table 2)
A B
B C
C D
D E
E P
A C
B D
C B
D -F
A D
B E
C F
A E
B F
F
Overall rank:
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Appendix 4.6 The form for triadic comparisons (1) where attributes

51ven

Name: ‘ T:

Before you are six school plans on capital-lettered cards, and a list
of attributes identified by lower~case letters,

Consider the plans three at a time in the order shown below. TFor each
triad separate out a pair which have or do not have an important
attribute in common, which makes them similar and which differentiates
them from the third plan, The attribute may be, but need not be, one
of the six given.

When you have decided:

1 Underline the pair you judge similar in columm 1.
2 Write the attribute in colum 2.
3 In columm 3 write down the letters of the plans which do

demonstrate this attribute; it may be the pair which both
demonstrate it, or the different one, and you rmust
specify which.

It is recommended that for each set of three you look at alternative
ways of pairing off two before making a final decision.

Please take as much time as you need. VWhen you finish bring this page
to me.

Triad (underline Attribute Plans fulfilling
similar pair) ’ attribute

Qi (> = Qe | |d Q= Qe || (= 5 0| W e |
HQIQIY|W U UG g QEQIEIQIO YW
i oRololloHolloiivite el Ho lwilc o lls olle!
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Avpendix 4.6 The form for triadic comparisons (2) to elicit

attributes

Name: T:

Before you are six school plans on capital-lettered cards.

Consider the plans three at a time in the order shown below. For each
triad separate out a pair which have or do not have an important
attribute in common, which makes them similar and which differentiates
them from the third plan.

When you have decided:

1 Underline the pair you judge similar in column 1.
2 Write the description of the attribute, briefly, in colum 2,
3 In column 3 write down the letters of the plans which do

demonstrate this attribute; it may be the pair which both
demonstrate it, or the different one, and you nust specify
which, ‘

It is recommended that for each set of three you look at alternative
ways of pairing off two before making a final decision.,

Please take as much time as you need. VWhen you finish, bring this page
- to me, ‘

Triad (underline Attribute Plans fulfilling
similar pair) attribute
) c
A D E
B D F
B C E
A E F
A C D
B E F
A C - P
C D E
A B D
C E iy
B C D
A D F
. B B
C D F
A B F
‘B D B
A C B
B C F
D E. F
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Appendix L7 .Computer_progfamAto calculate additive.utilitzfmodél '

indices and hierarchical cluster analysis

REM ADDITIVE UTILITY MODEL

FRINT “INFUT RO OF STIMUOLDS ITEMS®
LPRINT "IMPUT MO OF STIMULUIS YTERSY
IMPUT B

L=RINT N

FRIMT: PRINT: FRIMT

_PRIMT: LPRINMT: LEFRINMT

GIF AC10, 10)

FOR I=L TO M

FOR =170

G E{L. )=

S0 OREAT O

POoopZXT I

160 FOR ¥X=1 T M-I
1O =0k Y=X+1 T N-d
120 FOR Z=Y+1 TO N
Lad PRINT "COMFeRE IT
121 LPRINTYCOMPORE IT
1340 INFUT I, .4

144 LFRINT I,

132 ACY. By=0(1, .+
10 AGL Ti=ACL 0

1700 NEXT Z

120 NEXT Y

20 REXT

P2 PRINMT: FRINT: FRINT

-~
D]
'

t

Zb D

T L (e

“4' Rt

D)

~d s .l’_n Bt Gt G KR e

Ef
ET

l|| Ill

*.
<
z

ﬁ
R

><'J<

Wi
1=

1

1

196 LFEINT: LORINT: LPSINT
ZO0 FOR I=1 TO R

210 FOR A=l TN

720 PRINT m\LNJL

Zrs _PRINT ACL,

FI0 NEXT

Z31l PRINT

TIE LERTMT

NEXTI

FRINT: FRINT: BRINT
LPRIMT: LERIST: LFRINT
FRINTUSIMILARITY"Y
2A4 LPRINTUSIMILORITY"
217 PRINT" _EVE_®

FAE LRRTMTULEVEL Y

BT —ee =
ESR0 FoR P

=p-% T 3 STER -1

= 2
TG OFGR Is1 TOON
TT0OFOE J=I+i TOON
EAS TS S AT PR B T KN RN ":7'2{:"
L0 TEINTRG D PRINTTAS PRINTTAR {5100 PRIAT.
1 L?RINTPS.'Flfﬂfi 'I%loizL?H O P
- .

CPRLNT: FEINT
LPPIﬁT:LPH?U?'uPHINF
MEXT

R T S I et gl = by
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1010
1020
1020
1440
10350
LGzl
10L0
31082
1044
1045
10&7

1042

10472

S0O7C

1072
1074
1074
1072
1110
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1124
11320
11z

1150
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1144

s
[N
=
-
Dy
e R

.“
RN
C et
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S0
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)

FREM

FRIMT: FRINT: PRINT

Mi=N

LIV RBCLG, 100, X110, Y(10)

FPRINT “INFUT SCOLED MIDGEMENTS 0OF ITEMS™
LPRIMTYIARPLT SZALED MIDGEMENTS OF ITEMS®
FOR E=N-1T0 1 =TEP -1

FOR I=1 TO K

A== - .

FRINT"COMFARE ITEMSZ", I, "AND", .t

LPRINT "COMFARE ITEFS"; I; "AaNDY;.J

| T\IF’ _I" E:: -..'1 I » :

BOL, =170 1)

WEXT -

NEXT kK

FOox I=1 To M

EB(Y, I)=1

NEXT I

FOR = 1 TO N

FOR I=1 TO N

PRINTTAER( Ix#2-2)

LFRINTTAR I+o-8)

FRINTE(I, .4);

LRPRINTECL, 3

MEXT I

FRINT

tLPRINT

HEXT
ERIMT: PRINT
LPRIMT: LPRIMT

SrE T=1TON
YT ) =0
Foe Jd=1T0N

.....

rPEYT

o -

FoR I=31i TD N
X4Dy=Y{I) /Y (M)

70 MNEXT I

1450

NGRS (Y MY =YE)
TFD-GF£=0THEN 1445
VE=Y ()
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1420
1490
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S
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FRIMT X(XI), " ww LT Y AP
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NEXT I
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FOR K=pMNZ -1 TO1 STEP -1

FIRr 1=t T2 I

e THNE~E
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Wp=1 0
FOR T=. TI b2
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NEXT
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Appendix 4.8  Computer program to calculate Kendall's coeffieient

of

concordance
} EMDALL

PIMEUT RO OF JUIDGESe

S P S AN 1 S IS N
YOO PRINT LFFIN?

CIMEUT ML OF __rl" ITIE': "
W ERTMT - LR

CPRINT “pMO OF leI
NS OFRINT

S LFRINT N

aC T0F Ak, BLELNTY, EKH' (M

7 FIR Do

73 L=

0 FRINT "INPUT RAMES FOR JUDEE NOO". T
22 LPFRINT "RAMES FOR OJUDGE Mo M. T

D FOR =170

100 INPUT &L, ) PRINMT

102 LPRINT AL, D

102 L= L+QfI-J)

BLO ONZEXT A ,
DIDOIF LID(NEDY ENSE OTHEM 1148 E

LECREY o XN, YR,

114 PRINT "ERROE I RAH}n FOR ", ¥
117 END
120 NELT T
120 FOR J=17T0 §
140 X1 =0
oS R TYRE LOF
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IF C=1 THEM 1000 ELSE 290

2P0 W=1222 0 (akiry (NsENENM-1D))

A00 FRIMNT “COEFFICIENT OF COMOORDAMCE IS 9, W
410 LPRINY "COEFFICIENT OF CONCORDAMIE IS, U
420 COTCL 200

1000 FiR I=1T0

1080 FOR =170 M

1020 LI, DH=A(1,.0)

1020 MEXT O

1040 MEXT 1

1050 VU=

1GAC FOR I=1iT0 K

1070 FOR =170 M STER | S )

1075 T=0

LOEO Foix J=170
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1140 NEXT @&
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AW g S e ]
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T SIEANE TS TR ST SN
LEan [ s [T
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Appendix 4.9 Computer program to calculate maximum eigenvalue

and

A
72

normalised eigenvectors

REM ZOAATY

REM My ELGENVALE BY ITERATIVE METHOD
RIMT: FRINT: FRINT

FRINT YIMFUT MY OF STIMULUS ITEMS.
MEUT N

M OAC10, 100, X (101, Y(10)

RT U INFUT Z0ALED JUDGEMENTS®

R R=N-17T0 1 STERP -1

FOR I=1T0R
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LI, D=1700 10
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v
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Yoo 5y T
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Appendix 5.1 The brief (Experiment One)

PROJECT: Proposed two-form entry County Primary School,
Nascot Wood Road, Watford, Hertfordshire.

Basic activities to be accommodated in following spaces:

Space for 1ibrary,ieither centralised or dispersed

1 Assembly hall

2 Teaching area

3 Dining area

L Kitchen

5 Administration
6

7

Cloakrooms, storage, lavs and circulation all implied in
the above :

Other information:

All services available on site

Pedestrian and vehicular circulation required on site
Car park

Deliveries

External plan pitches required

Future extensions not anticipated
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Appendix 6.1 The brief (Experiment Two)

DESIGN OF COAST GUARD STATION

You have been commissioned by the Customs and Excise Department to
prepare a design and detailed drawings for a two man Coast Guard
Station to be erected on a number of sites in all parts of the UK.

The large number of units required (150 off) allows the economic use
| of grp and you are to design using this material. The enclosed
lookout platform should allow 180° view and the viewer's eye level
should be five metres above average ground level allowing for
location on sloping sites.

In addition to the lookout platform you should provide a small
office/telex room, galley and toilet., It will probably be necessary
to provide a draught lobby. Parking area will be reguired near to
the station for the coastguards' cars.

Detailed requirements for the lookout room are as follows:

i Dbench space for charts, ordinance survey maps, plan chests and
log books ‘

ii shelving space for books (say 3m)
iii binoculars ~ preferably mounted on track from the ceiling
‘iv telephone
v notice beards
vi VHF set
vii Aldis lamps
viii compass

ixX perspex covers to maps

You should also allow on the site for a signal mast (flags), base for

firing mortars, standoy generator, incinerator and septic tank. .

Assume that reasonable road access is available to all sites. Other
points for consideration are condensation, dimming of artificial
lighting at nighty rain on glazing, sur shading, mullions obstructing

view, draught lobby, visibility from sea and demountability of unit.
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" Apvendix 6.2

Timetable (Experiment Two)

Monday

Tuesday

Wednesday

Thursday

Friday

10.30

12.00

14,00

14.30

10.00
14,00

15.30

All day

16.00

10.30

11.00

14.00

Brief handed out,

Introductory talk about current approaches in
design research.

Students departed.

Tutors agreed four aspects of grp‘technology as
foci for the exercise.

Experimenter allocated students to teams and
groups.

Teams X and Y performed prioritization of
attributes.

Team Z absent,

Students told allocation into groups A, B, C, D.
Students began background investigation in groups.

Groups A and B presented findings.
Groups C and D presented findings.

Team X given results of prioritization.

Students design schemes individually.

Students submit schemes.

A1l students (Teams X, Y and Z) perform prioritie
zation.

Schemes numbered randomly.
All students mark all schemes,

Experimenter begins analysing results.

Students given feedback of some of their results
as basis for discussion.
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Appendix 6.3 The scale for marking design schemes (Exveriment Two)

Overall range 1 to 20

1 to &4 Very podr

5 t0 8 | Below average
9 to 12 Average

13 to 16 Above average
17 to 20 Very gdod
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Appendix 7.1  The brief (Experiments Three, Four and Five)

BRIEF FOR A TWO~FORM ENTRY PRIMARY SCHCOL

Schedule of Accommodation

1 Teaching areas: 8 classrooms @ 6Om2, including

assoclated we's.

2 Assembly hall: 160m>

3 PT store, associated with assembly hall: 106

L Dining area: 100m2

S Kitchen: 60m> with servery to dining room

6 Administration: Head teacher's room: 14 a
Deputy head's room: 11m2
Staffroom: 20m2
Stationery store: 1Om2
Male cloakroom: sz
Female cloakroom: 5m

7 Library: 20m> '

8 Caretaker: 1Om2

9 Groundsman ¢ 1Om2

10 One or two courtyards, total 75m2

11 Boiler room: 1Om2

Total area of accommodation: 1OOOm2

Other information

All services available on site.

Pedestrian and vehicular circulation required on site.

Car park: 200m2

FES U VY

Hard playground: 1200m2, with direct access to assembly

hall,

5 Future extension not anticipated.
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Appendix 7.2 Time~table (Experiment Three)

Day One

09.45 Introduction

10,00 Discussion of attributes and prioritization
12.00 School plan design

13.00 Lunch

14,00 School plan design continues

16.00 Experimenter collects schemes and redraws
16.15 Prioritization of attributes

Day Two

09.30 Evaluation of designs
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"Appendix 7.3 List of attributes from brainstorming session (Exveriment Three)

1 Away from busy roads

2 Road access to kitchens

3 Easy access to outside areas

L Easy access to common areas

5 Views to countryside

6 Awareness of future developments
7 Heating system

8 Playground/vehicle sepération

9 Single entrance/exit -~ for convenience
10 Close to housing

" Small scale for small people

12 Drainage and site works required
13 Flexibly defined areas (small groups)
14 Wind direction .

15 Sunlight/South light

16 Open space classrooms

17 Noise/environment (external)

18 Noise from playground to housing
19 Security from farm animals, dogs
20 Underground

21 Energy conservation

22 Budget

23 Soft edge hardware construction
2k Vater supply in classrooms

25 Landscaping

26 No limit to courtyards

27 Encourage parental involvement
28 Swimming pool and plant

29 PT store/playing field link

30 Glare protection

31 Covered ways

32 Noise (internal environment)

33 Building regulations and other codes
3l Disabled
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Appendix 8.1 Time~table (Experiment Four)

Day One

09.45 Introduction

10.00 Discussion of attributes and prioritization
12.00 School plan design

13.00 Lunch

1%.00 School plan design continues

16.00 Experimenter collects schemes and redraws
16,15 Prioritization of attributes

Day Two

09.30 Evaluation of designs
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Appendix 8.2 List of attributes for school planning from brainstorming

session (Experiment Four)

1 Small scale (intimate)

2 Good thermal properties

3 Avoidance of long corridors

L Acoustic properties: noise

5 Integration: non~hierarchical
6 Easily understood plan - navigable
7 Safety exits for fire

8 Flexibility

9 Vandal proof

10 Focal point

1 Look like a school

12 Anticipate parental involvement
13 Lighting

14 Outdoor area for each classroom
15 Element of danger

16 Friendly: non-institutional

17 Circulation

18 Evening/weekend use

19 Orientation
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