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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 value 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 evaluator's priorities.

The theory is tested experimentally. In each of five intensive design

exercises, architectural designers prepare sketch designs. In

conjunotion 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 evaJ.uated by the designers. The evaluation makes

use, again, of Saaty's techni1ue to elicit· each designer's parti~l

judgements of the designs; an additive utility model enables these

partiaJ. judgements to be combined into an index, expressing 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

checks within the experiments provide an assessment of its reliability

in representing highly subjective jUdgements.
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The thesis concludes by summarising the implications of these findings

for research, for teaching and for practice.
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CHAPrER 1

1.1

INTRODUCTION

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,
1974; Simon, 1969; Jones, 1970). Research into this intellectual

process thus benefits from making use of the findings 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 (aftar Jones, 1970; Mallen &Goumain,

1973, 1976):

1

2

3

4

Historically there is a long tradition of architectural
theory recording amongst other things the influence of
contemporary. philosophy and science on architecture
(Co1Ji ns, 1961; Giedon, 1941; Wittkower, 1962; von
Simpson, 1956).
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.

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

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.

- 1 -



5

6

7

8

9

10

11

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

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

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

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

The move towards public participation in design
decisions 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.

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

The reluctance of architects to use computer based
design aids, bJ 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

m~{ingt and that value theory may provide a theoretical foundation for

the study of design. Fro~ the results of existing res9arch a tentative

theory is proposed. This is then tested in experiments, where groups

ot designers prepare sketch designs and, in conjunction with the design

process, perform a judgement analysis exercise developed by Saaty (1977).
The designs produced al·e evaluated by all the designers. 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 has been demonstrated in a teaching situation. Abercrombie

(1960), working with a group of medical students, had them compare

their judgements of, for example, X-ray plates. The varying

descriptions made some of the factors influencing the judgements

become apParent; 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 (Lara, 1976) had generated a broad interest in

design methods and theories. This interest led to a programme of

research being started at the Department of Design Research, Royal

College of Art. The first part of the research 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 chapter discusses these aspects in more

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

1 .. 2 Back~round

The approach taken in this thesis has been influenced by three major

factors. All three have directed the choice of research undertaken.

- 3 -



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 this 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

~ropoaed 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 essentia1

to improve the understanding of the design process. Four studies of

monitoring architectural design processes were cho~en, 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 need 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 re&lllta can be meaningfully
correlated can we attempt to comprehend the architecture
of design."

- 4 -



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)

Itturned 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 Desi~ Process (1969) set out a

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

compatible with the disciplines of management 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 tech-~ique for evaluating alternative

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

of the nature of values.

More recently, in answering 'ifhatever became of design methodology?',

Archer has stated that

"Design methodology is aliva 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

the Department.

Science Research

of inquiry which characterises the more recent work

In particular a long term study commissioned by the

Council in 1972 was undertaken by Hallen, Goumain &

in

Purcell. This sought

"to develop models of architectural design processes both
as carried out by the individual designer and by the
design organisation" (I'fallen, 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 aI, 1974).

The development of models of the design activity relied both on the

case history approach using live building projects, and on observational

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 mod3l 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 ~~lti-dimensional scaling technique used to infer structure from

the repertory grid data (Hallen & C-oumain, 1973; Stansall, 1973).

Two models of design activity were proposed. SI}1DAC (SIMulation of

Design Activity) purports to describe the structure of the individual's

information processes as he designs. SIIADO (Simulation of a

Hypothetical Architectural Design Organisation) describes the operation

of a design orga~isation in which specialists co-operate to carry out a

number of different design projects.

As a model SIlIDAC was not intended to be prescriptive in the tradition

of design methods, but to be explanatory. In providing a simulation of

designer behaviour

"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).

~~e model is described in detai! by ~allen &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 constructive criticisms of the S]}IDAC model. These

expariments 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 StansaU, 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.

Honitorinf) the use of a computer aided building desi~

system

Concern for knowledge of, and sensitivity to, the design process, for

th~ purposes of developing computer aided building design (CABD)

systems, implies evaluating these systems to ensure that they reflect

this concern. CEDA~ (Computer aided Environ:nental Design, Analysis

and Realisation) is a CABD system, which in its early phases had been

developed in the Department of Design Research. Later, in 1973, it

transferred to the Department of Environment Property Services Agency.

CEDAR has been the subject of two formal evaluations. The first was of an

earlier phase of the sys'~em (Thompson & Hughes, 1974). In 1978 the

CEDAR3 system unden-lent pre-production trials intended to measure its

efficiency, reliability and acceptability. The 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 fonns. Short intensive design exercises (IDE's)

were held, in which design teams, away from their normal place of work

and with the uaual office distractions and interruptions removed,
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undartook 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~ On

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 a~~ed to complete questionnaire surveys of their

attitudes towards the use of computers in the context of building

design, both before and after having experience of the system. And

the designers were also asked to estimate the potential benefits of

CEDAR3 in terms of their subjective probability estimates of savings

in capital and rtk~ing 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 (Thompson, Lera, Beeston &Coldwell, 1978, 1979;
Thompson, 1979; Lera &~lompson, 1980).

It had been 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 axpected 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 rarely amended systematically by the designer. From a few

unmethodical analyses designers seemed to extrapolate implicitly.

Where methodical procedures were used they were reported in the case

studies mentioned above. But for the most part even the detailed

monitoring carried out at the IDE's did not give a record of the flUI

- 8 -



deliberations. It was necessary to rely on subjective probability

estimates of benefits. ~ais remains true not only of non-quantifiable

benefits like improved daylighting of interiors, but even of ·thor~~gh1y

quantifiable 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 technique 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 architec~ural design.

Hany 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 process, and has

stimulated research into the design activity. Such research is

leading to davelopments of descriptive models of the design activity.

The techniques being used to study the design activity include

analysing a~etch drawings, passive observation of the designer at

work, aslcing 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 fO~dard a tentative theory that the design

activity may usefully be ~derstood as one of exercising judgementt

and that the resolution of inherent conflicts during the design process

can be made only by recourse to value judgements, to deciding

priorities a~ong competing objectives.

Chapter 3 describes the programme of five experiments designed to test
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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. ~e 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 according to the number of the experiment in

which they took part, ~ according to the chapter in which the

experiment is described. The subjects' numbers are prefixed by the

letter 5. The subjects in Experiment Three, for example, are S3.1,

S3.2, S3.3, 53.4. 53.5 and 53.6, and this experiment is written up in

chapter 7. The sketc~ 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

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

stimulation 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). ~~y 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. Renrion (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 ,.,ho is to be responsible· for design

conjectures and who is to make the final decisions about the value of

those conjectures. Gasparski.(1979a) 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 designers. The arg-..unent put fOr\'1ard is that design may

usefully be understood as a form of decision ~~ng. This chapter

goes on to develop this argument. A tj~ical design problem is
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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.

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 Bet of attributes (Reitman,

1964). Attributes are those qualities which it is hoped will be

attributed to the f~nal design. Attributes in design problems are

commonly 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 106s,
it should not exoeed 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 ventilation, 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 tiindow (school, etc.) 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 l is a quality
which all windows ought to have. Tnerefore 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

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, taldng that as the major

attribute, ascribe only low weights to the others.

The design process inexorably entails the designer making decisions,

either alone or through collaboration with his client an~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

"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 mayor 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 evaluating alternative proposals preference

will be shown towards those which most closely reflect the priorities

of the evaluator.

Critics of Value Judgements in Design

The importance of values and e....-a.luation in the design process seems

self-evident. Surprisingly there is a school of thought which has

sought to deny this:

nWe 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 valuell (Alexander &
Poyner, 10/10).

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. Patterna would allow tendencies to coexist without

conflict. In A Pro.?,ess Report on the Pattern Iangua!5e Duffy & Torrey

(1970) reaffirm the relationship of patterns to values

Uany 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. II

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 ~n 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" (D3.l.ey, 1969).

More recently March bas 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
alwaY'S possible to give such preferences a partial
ordering and the design task can then no longer avoid
the problem of evaluation" (Harch, 1976'9).

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, 197Gb).

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

val'la Barch is unequivocal that

"value theory is the essential foundation of anY' rational
theory of design" (Harch, 197Gb).

Critics of Weighting in Design

That attributes are weighted differently may 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 (1974) t Alexander & ~.anheim (1962) also

argue that consciously deliberated weights are not valid.

In sUpport of his case Jones notes that in order for numerical weights
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to be assigned the data must be measurable on an interval or ratio

Bcale. 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 valid.

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

2

3

Find the one most important attribute and decide on the
basis of that attribute alone. This is of course a form
of weighting albeit rather simplistic. The main
implication of this method is that i t involves hoping
that all other attributes are satisfied at least to an
acceptable degree. In any event, as he notes, this may
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 problem.

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 decision criterion, and thus when all are
overlaid 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 & Hanheim
however did not merely overlay all the maps representing
the decision criteria,

"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 deliberatio~

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

tilt 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 int~tive implicit gestalt
decision, as a result of considering multiple
criteria and then allowing an ensuing period of
incubation" (Grant, 1974).

Just as D:lley 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 implicitly

without explicit recognition or, deliberation.

Designers' Judgement

"Le raisonnement, la critique, viendront a leur tour
pour controler votre conception, car apres avoir
imagine' il faut que vons sachiez etre 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 anyone building, and
then 'judge' which is the best, in practice the process
of selection can usually be effected most efficiently at
enbryonic stages in the course of the desisn, 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 n~~ber of design method3 were based on the three phase cyclical

process: analysis - synthesis - evaluation.

(1) uReasoning and criticism come in turn to conb:ol your ideas,
because having used your imagination it is necessary to know hmof to
exercise proper jUdgement of it" (author's translation).
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"One of the simplest and most common observations about
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."

Later they write of conjectures

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

And of ~~alysis 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 ma.y

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 underlJ~ng rules (analysis) and then ~ropose 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

- 18 -



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.

"Instead of generating abstract relationships and
attributes, then deriving the appropriate object to be
considered, the SiS (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. His

findings support the same contention. He argues that the design

activity proceeds as ad hoc responses to perceived misfits between a

'pre-solution model' evoked from memory and tb,e 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(1979a ) 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 Intelli~ence and Heuristic Pro~~ng,

posit the hypothesis that

"just as the child develops and uses internal representatio!lS
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. rt

They argue further that the intel~al representation is a dyn~c 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" (1'f.a.llen 11..: GouIIlain, 1973).

The fundamental mechanism of the model is the cybernetic feedback loop

described by ~tiller, Galanter &Pribram (1960) as a Test - Operate 

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' internal 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 ~IDS analysis with the plan of action, as observed 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 ot 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, 1974).

Cornforth (1976) set up an experiment in which designers were monitored

tthi~~ng aloud' while undertaking a sketch design scheme, and in

conjunction with the design process completed a repertory grid. Thus a

verbal protocol could be tr~nscribed 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 oorresponded to the detailed behaviour of the
SUbjects."

Nevertheless considerable insight was gained into the design activity,

and a number of observations made about the SI11DAC 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
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"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 (1974). 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 interaotion 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 intern-ewing

designers about their own design processes, or of l.istening to and.

interpreting their accounts of their own design ~rocesses. Al.though

such techniques impl.y subjective interpretations of the data by the

researcher, the two following accounts both indicate the rel.ative

importance of constraints, an aspect of the design process which few of

the previous accounts cited had been able to express.

Darke interviewed a nttmber 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.

"It has been suggested in this paper that designers do
not start \~th a f.ull and explicit list of factors to
be considered, with performance limits predetermined
where possible. Rather they hav3 to find a way of
reducing the variety of potential solutions to the as
yet imperfectly understooa 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 strong~y 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"
(furke, 1979).

"/here furke 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

procedures. He reports listening to a talk by an architect in which

"he described in his mm 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 ~~th interesting results to

study computer programmers. l'leinberg (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 progr~~ers.

H~ 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, progrannners' 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 experiments 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 ot techniques have been used in this research including

Osgood's semantic differential (Canter, 1969a; Canter &Wools, 1970;

\'1ools, 196)) and Kelly' B 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 client's constructs using Kelly's

repertory grid. However there are three studies in the evaluation of

designs which are of direct 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 'effective use of daylight and

sunlight' • 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 architectt~e jury) individually with

respect to the second criterion. The method of ordinal paired

comparisons t138 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 agreement bctlleen 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 infonnation (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

3

Groups of architectural students, given sophisticated
information, exhibited significant concordance.

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

Among his conclusions he suggests that

nOne 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 by the drawings" (eakin,
1976).

Later he writes

"non-architects gave more consideration to the cost and
performance measures of the schemes than the architects
did.~ Arcbitects seem to base their judgements on
design drawings only" (eakin, 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 attac~ value, would

therefore differ in their preferences.

Huber, Sahney &Ford (1969) 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

narguments supporting the use of addilog or
multiplicative model forms were not particularly
relevant in this experimental situation."

They concluded that 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 lrill be described in section 4.4. 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 implies a value judgement about the

relative importance of attributes. Although some authors have

c~iticised the conscious deliberation of value judgements, these

views are shown to be invalid. Several authors a.re 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 a 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 sCl~ll

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

mw{ing, 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 incoopatible 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

nei) 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 correspon.ds to the spectrum of options
available" (Ozbekhan, 1972).

The organisation of a person's values constitutes a value system

(Bross, 1953; Rescher, 1969;·Rokeach t 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 given 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 'general plan' employed to make decisions is

reminiscent of the 'internal representation' posited by Nallen & .

Goumain, as described above in 2.5~ Furthermore both seem to equate

with the views of ~~rch &Simon (1958) about decision making.

"Choice is al\oTays 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 & \.Jilbur, 1973;

Vickers, 1968), has also been developed as a formal numerically based

theory of decision making•. The seminal work in this area was The Theory

of Games and Economic Behaviour by Von Newnam & Horgenstern (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 prescribe

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 Derbyshire (1976) who reports a

study of indifferenge curves to represent the tra~e-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 rrill 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. Gre~t (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 examples of its having

been used to explore designers' judgement.

Multi-attribute utility analysis entails the following points:

1

2

3

4

5

6

There is a set of alternative outcomes.

There is a set of attributes.

The outcomes demonstrate different degrees of fulfilment
of the attributes.

The decision maker has a preference ordering among the
attributes; he can assess the relative weights attached
to the attributes.

The decision rn~~er can assess the probability that any
given alternative will fulfil an attribute.

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

2

3

4

The set of alternatives are represented by the possible
window designs.

The various window designs result in different costs,
lighting levels in the room, heat losses, and so on.

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.

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 sUbje~tive 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 'prioritization' 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.

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 sho\Yn 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

-~-



descriptive accounts of design, a tentative theory may be proposed:

1

2

3

4

5

6

7

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

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

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.

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

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

The differences between designers' value systems will
also account for their differing evaluations of
alternative design proposals; they will favour plans
whicb reflect their own priorities and reject plans
which do not.

Therefore if designers differ in their rating of
attributes they will differ in their evaluation of
alternative designs; if they are in asreement 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 programme9 consisting of the organisation of five design

and evaluation exercises was deviseds and experimental techniques were

selected, to enable the hypotheses to be tested. Subsequent chapters

describe this programme 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 values from

decisions, the procedures demand highly constrained choice experimentsan~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 or 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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CHAPl'ER3 AN EXPERIMENTAL PROORI\!'IME

Introduction

In order to test the tentative theory proposed in chapter 2, an

experimental programme ~s devised. The theory gave rise to a number

of speoific 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 experiment. The

first, and to a lesser extent the second experiment, may be considered

pilot studies, providing experience o~ the techniques intended to·

elioit the data, enabling an assessment to be made of these techniques,

and offering some data for analysis. Confidence in the suitability of

these 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 arcllitects, respectively.

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). For

these exercises, sketch design problems were sat, intended to have a

certain degree of realism, but at the same time not to be overcomplex

for the time allocated. In oonjunction with the design process the

attributes which the subjects considered to be their priorities were

elicited and scaled using 'prioritization' (see chapter It). After

having designed their proposals the subjects evaluated them, both with

respect to the attributes elicited, and for overall merit. Precise

descriptions of the ~~ng 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 resource3 of time

and money available to the experimenter.

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 extensively 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 concentration lost. 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

occur~ences. 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.

Experimental Conditions

Experimental conditions were held as constRnt 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 individually. 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

Exgeriments Two and Four, and a research studio in EXperiment Three.

In Experiment Five e~ch subject performed the experiment individually.

In five cases this was done in two stages, both at the SUbjects' own

homes. One subject, S5.2, 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, drat.n.ng

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. ~s 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 been conducted in the

subjects' normal working locations or design studios where they use

their O\tn materials and equipment. Only the non-architects in

ElCperiment 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 be"tween 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 caution in the comparisons of

results between experiments.

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 \ihen the subjects evaluate the designs produced by

means of paired comparisons the number of comparisons,

6C2 , gives a reasonable number, 15.

c v!hen the subjects perform similarity judgements of

triadic comparisons the number of comparisons, 6<3'
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 arc~itectural trainins might have on the answers which could be

obtained. Experiment Two involved students ot 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.

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 ~rith 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

established as a one week sketch design.
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Design Task

The design task for all experiments except EXperiment Two involved

school planning. There were several reasons for this choice:

a Although schools vary greatly in their 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.

b All subjects will have a broad familiarity with the

functioning of a school through personal experience.

c 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.

d 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 Nallen 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 tasle.

Subsequently for Experiments Three, Four a~d 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.

b 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"

c 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 coast 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 JUd~ement 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 judgement 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 sama

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 \~S 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 number of attributes was influenced strongly by the whole

organisation of the experiment. As a means of experimental control,

some subjects scaled attributes 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.

Tnrough 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.

Redrawing the Designs

In Experiments One, Three, Four and Five the plans were always redravTn

to a common scale and format before being evaluated. 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 The orientations of the plans are readily comparable.
"

c Individual presentation and draughting styles have no

effect on the evaluations.

d The amount of information conveyed by each is the same;

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 s~yle 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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c 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. Elcperiments Threa 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 same

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 Desi~

The method developed 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 th~ large n~~ber 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 marIes. In

each experiment the subjects themselves evaluated the designs pertaining

to, or prepared during, that experiment.

In Experiment One the redrawn school plans were evaluated for overall

merit and with respect to each subject's elicited attributes•. For

overall merit tIle method of scaling paired comparisons (see chapter 4)
was used, and this was followed by the plans being ranked with respect

to the subject's attributes.

In Experiment Two the drawings were marleed 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 school

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. Each 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

4.1

EXPERIMENTAL TECHNIQUES

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 subject's results is given to

illustrate the techniques.

4.2 Criteria for Choice of Experimental Techniques

Criteria governing the choice of experimental techniques were

established with reference to the author's first hand experience in

monitoring design teams, and co 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.

4.2.1

a

Input data

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 subh 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
monitoring 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 benefi~ of using the
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system it was necessary to rely on subj ective 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.

o 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 fom 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.

The method of computation

The method of computation must be relatively straightforward.

Cornforth (1976) reports difficulty in getting a 'multi-dimensional

sCuling' (}IDS) program to run. In contrast the proposed method of

computation is based on the mathematical mar~pulation of a matrix,

which is already available on a pocket calculator, although this was

not in fact used.

The output

Criteria governing the output are based on those cited by Tshudi (1972).

a

b

c

Parsimony: the output should be more simple than the
data input.

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

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

e

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 ot

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.

Elicitation 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 ~~actly 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 agroed 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 -fom
entry primary school. \f.hat important attributes
or qualities would you take into account in planning
the school?"

Having been read this statement, in EXperiment Five each subject was

asked to write down the most important six; in Elcperiments Three and

Four the group ot 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 tVcas agreed. An attempt was made to use a voting procedure

based on 'Delphi' (Blohm &steinbuch r 1973; Wills &Wilson,. 1972) to

agree the six attributes, as described 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 ~eriment 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, o'dng

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 Bho\~ all possible combinations of

three items (school plans) from the set of stimuli, and asked to make

similarity judgements of the~. 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 differentiates 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. ~le order in wr~ch 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 number of attributes which could be elicited in~his way equals

the number of triadic comparisons, that is, when there are six items,

6C3 or twenty. In fact the average number of attributes recorded in

these triadic comparisons was between six and seven. This finding

vindicated the decision, when it was necessary to specify the number

of attributes required, to a&~ 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•.
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It is worthy of note that the attributes elicited in this way may be

expressed both positively and negatively; the judge may state that the

similar pair share same positive attribute lacked by the third or that

the third demonstrates soma 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 Scalin~ 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 bas many important properties by

which it satisfies the criteria established in 4.2, 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 desi~ls. Thus the same technique 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

desig~. 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 value

judgements (Nowell-Smith, 1954) 80 the use of comparisons to elicit

such judgements seems apposite. Furthermore as Horoney haa said,
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ltdirect 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 straieht 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:

A A2 ••.•........·-1

A1 w1/w
1 w1/;''12 ..•......•..

A2 \ot~w1 w2!w2 ........•..•

········•·•·
A \'1 Iw . w/w2n n 1 .............

A
n

w /wn n
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There is a set of n items denoted by A1 •••••• An. Their weights are

denoted by w
1

•••••• wn- Entries in the matrix are the scaled paired

comparisons as elicited from the subject. Each scaled judgement

entails two entries: the weight w./w. specified by the judge according
1. J

to his preference of Ai over Aj , and its reciprocal wj/wi -

In practice the convention adopted here is that for a pair Ai' Aj ,

where i designates a row and j a column, if A. is judged more
1.

important than A
j

then the scaled integer is entered as the result in

the ith row under the ;th column. But if A. is judged more important
- ~ J

than A.then the reciprocal of the scaled value is entered.
1.

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 sho\Yia that the normalised eigenvector

associated ,..nth the maximum eigenvalue of the matrix gives a measure of

the importance rating for each element implied by the judgers decisions.

If perfect consistency among the judgements is assumed than the

relative weights ascribed to items are given by normalising the sums

of each row, or alternatively by normalising the entries in anyone

column.

The scaled judgements need be neither 'cardinally' consistent, nor

'ordinally' 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
1

to be related more important than

A
3

.to the value 9 and A2 to be relatively more important than A3 to

the value of 3, implying that A
1

must be relatively more important

than A2 to the value 9/3 = 3. Ordinal consistency expresses the

transitivity of preference: if A
1

is relatively more important than

A2 and A2 is relatively more important than A
3

, then A1 should be

relatively more important than A
3

- Both types of inconsistency are

admitted by the method, and the maximum eigenvalue ( Amax) provides a

measure of the degree of consistency among the judgem9nts. Saaty

notes that there is no apparent relationship between this measure and

the coefficient of consistency derived from circular triads in

ordinal paired compai~sons. However he does present a qualitative
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statistical test of consistency. For good consistency (?/2)t < 1,

where r = ( Amax - n)/(n - 1).

Through a number of trials using the technique Saaty has compared the

subjeotive 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 aocuracy 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 subj ectiva 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 t~ 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 prioriti~ation 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 situation faced by the evaluator is that:

a

b

c

The designs exhibit many attributes.

The attributes vary in the values which evaluators
ascribe to them.

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 wGighted 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

- 48 -



their overall merit or with respect to separate attributes. Precisely

the same procedure as described above is followed: sc~led 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. rfuen

this has been done for each attribute the products assiciated 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,

\-lhere the relative importance of the attributes to overall value has

also been taken into account. In ~thematical terms

n
I = L x y

n=1 n n

where I is the index of overall relative value, x is the weight
n

ascribed to attribute n for its relative importance to overall value

and y is the weight ascribed to the design for its relative value
n

with respect to attribute n. 'x' and 'y' are sometimes referred to as

,~. and t~. (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 eigenvectors are always

normalised, so the indices sum to unity. The normalised eigenvectors

in overall merit judgements also sum to u..'1i.ty. Thus the two can be

directly compared by being drawn on a diagram to the same Bcale. A

correlation coefficient can also be calculated between the two sets of

results. The example in 4.7 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 amted to rate plans

directly for overall merit; the term index 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 hava 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 subject's

consistency has been poor, the simple raIL~S 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. T'ne 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 lUlexpected

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 maximUI!l' 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. l-'..allen: see Declaration) in BASIC to run on the Royal

College of Art's Altair mini-eomputer (appendix 4.7).

Hierarchical Cluster Analysis

Hierarchical cluster analysis is a technique developed to help identify

groupings or clusterings of items inherent in subjective judgements.

The t'echnique 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 or the n objects 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 for 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 4.3. 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 4.l, 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

follm...ing kind:

P1 P2 ............. Pn

P
1

P
1

,P2 .... , ....... P1 'Pn

P2 P2,P1
............ P2 'Pn

·•·•··••·••
P Pn·P1 Pn'P2 ......•.••.•.
n

There is a set of n items denoted by P1 •••••• P. Each entry, P., P.,
n 1. J

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 t~thin 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 Kendall's coefficient of concordance,

Spearman's rank correlation coefficient, and the }~~1.hitney U-teat.

~ney are described fully in standard texts, such as Siegel (1956) and

Moroney (1951). Significance (~) levels achieved are quoted with the

results; one-tailed tests are used where applicable, and an ~-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 concordance

(appendix 4.8).

Generally the statistics have been used conventionally. From the

theory expressed in chapter 2, a nlli~ber of research hypotheses arise.

These are stated in the experiments as null hypotheses, in the

eA~ectation that they ~dll be rejected. The statistics are used to

find 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 unconventiona.lly. 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. \fhen 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 hypothesis to be rej ected. Hm.rever the non-rejection

of the null hJ~othesist if the coefficient is below the required level

of significance, does not legitimately allow the conclusion that there

is significant discor~~ce between the judgements. Nevertheless it

haa been necessary 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. Where this is the case it has been

clearly stated in the drawing of conclusions.

Spearman's rar~ correlation coefficient is used extensively, and for

the most part conventionally. But it is used in an attempt to measure

changos in the rating of priorities by eacll 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 rating of attributes before and

after design. Spearman's 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 unconve~tional 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

process. 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•

.An Ex:ample

This section provides an example to illustrate in detail the

techniques. The data from S5.6 1s 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 1+.5) as shovTn below. The plans are represented by

letters A to F, and are sho\~ 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

~ E F Symmetry
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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-
B 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:

A B C 0 E F

A - 1 0 2

B 1 - 2 0 I

C 0 2 - 1 I

0 2 0 1 - [

E 1 I ') n
L ....,

F ') n n ( 1
L U U ...,. I

>

A BE C OF

A - 1

BE 1 - [

C n 'J
u L

OF ') n 1
L U

Similarity
level

1

2

3

4

B E C 0 F A
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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 attributes are scaled. The four attributes

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

'clear geometry' (d). The sUbject was given the scale to be used

(appendix 4.1) and was read the instr~ctions at the top of the form

shown in appendix 4.2, slightly modified because there lolere four

attributes not six. He was given the attributes in pairs in the order

sho1,>m on the form, again modified because there were only four. For

each pair he estimated their importance in the planning of a prim~

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 4 5 1

b 1/4 1 5 1

c 1/5 1/5 1 1/3
d 1 1 3 1

From this matrix it can be seen that 'a' was more important than 'b'
to the value L}, and so on. Through computation the maximum eigenvalue

was found to be 4.282 and the normalised eigenvectors

(0.449, 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 1/2 2 1/2
B 1/3 1 7 1/3 1/3 1/4
c 1/7 1/7 1 1/7 1/7 1/8
D 2 3 7 1 3 1
E 1/2 3 7 1/3 1 1/3
F 2 4 8 1 3 1

b A 1 1/5 1/5 1/5 1/4 1/6
B 5 1 1/5 1/5 1/3 1/4
c 5 5 1 3 4 1/2
D 5 5 1/3 1 3 1/3
E 4 3 1/4 1/3 1 1/4
F 6 4 2 3 4 1

c A 1 5 7 1/3 7 1/3
B 1/5 1 4 1/8 1 1/7
C 1/7 1/4 1 1/7 1 1/8
D 3 8 7 1 7 1
E 1/7 1 1 1/7 1 1/8
F 3 7 8 1 8 1

d A 1 5 1/3 1/3 4 1/4
B 1/5 1 1/6 1/5 1 1/7
C 3 6 1 1/3 6 1/3
D 3 5 3 1 5 1
E 1/4 1 1/6 1/5 1 1/7
F 4 7 3 1 7 1

Through computation of the above matrices the normalised eigenvectors

were found to be as follows:

Plans

Attributes A B C D E F

a 0.184 0.084 0.025 0.279 0.133 0.296
b 0.033 0.067 0.282 0.177 0.097 0.345
c 0.186 0.055 0.032 0.343 0.038 0.345
d 0.108 0.037 0.184 0.296 0.038 0.337
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The index for plan A is given by

n=4
I =2 x y

n=1 n n (see 4.4)

=(.449 x .184) + (.218 x .033)+ (.068 x .186) + (.265 x .108)

= .083 + .CO? + .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 ~iven in

overall evaluation (solid line) are plotted to the same scale. In this

way the figure records, in easily assim~ilable form, the comparison

between these three methods of evaluation. As figure 9.1 shows for

subject S5.6, with the slight e.."Cception of the weights ascribed to .

plans A and F, there is a high level of correlation between the indices

and the overall evaluation eigenvectors. This is checked by calculating

Spearman's ratUc 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•.

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
judge~ents 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
describe the attributes they value. The means of
eliciting the attributes is not believed to be
excessively time consuming, nor exhausting. Attributes
ma~ 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.

Output 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 consist ency 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
comparisons 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 of 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 judeements 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 BrooS (1953) has called the
pragmatic principle is satisfied: does it work?
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CHAPrER5

5.1

FXPERIMENT ONE

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

whether lack of arcbitectural 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, 51.3 and s1.4 were

students with first degrees in architecture, 51.5 and 51.6 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 had 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.

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.

Hypothesis 1

Consistency and architectural experience

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

Hypothesis 2 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.

5.2.2 Numbers of attributes used in evaluation, and

architectural experience

Hypothesis 3 That there would be no significant correlation between
the number of attributes used in evaluation and the
degree of architectural experience.

5.2.3 Concordance between evaluations of school plans

Hypothesis 4 That there would be no significant concordance between
the subjects' overall ratings of school plans.

5.2.4 Overall rating of school plans, hierarchical cluster

analysis and the use of an 'index'

Hypothesis 5 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.

!sPerimental Method

In order to test the hypotheses the experiment was organised as

follows:

1 Each of the six subjects (81.1, 81.2, S1.3, 81.4, 51.5,

51.6) 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 ~as 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.

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 common 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.

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.

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.

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 plans.

He scaled paired comparisons of school plans for their

performance with respect to each of his attributes for

evaluation.

Results

Consistency and architectural exnerience

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 l;tas not

- 62 -



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.

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 shOlfS the data. The coefficient was found to

be 0.043. The null hypothesis was not rejected.

Concordance between evaluations of school plans

Hypothesis 4 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 shoW's the data. The

coefficient was found to be 0.368 which was si~~ficant (~= 0.05).

The null hypothesis was rejected.

Overall ratin~ 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

shm'1s the data. The following table gives a verbal 'estimate on a

four point scale 'high', 'medium', 'low', 'no' of the correspondence

for each subject between the overall rating of school plans and the

hierarchical cluster analysis.

Subject

S1.1

S1.2

Hedium correspondence. T'ne worst plan (F) separated
out. The middle three plans (e, E, D) judged
similar.

High correspondence. T'ne best plan (e) 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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81.3

81.4

81.5

81.6

Medium correspondence. The best two plans eC, 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 sho\of
the best three and the worst three in two clusters).

No correspondence.

~ correspondence.

High correspondence. The best plan (A) separated out.
The worst two eC, E) judged similar. The middle three
(B, D, F) judged similar.

The null hypothesis was not entirely rejected.

In the· case of 81.2 an ind~ for each of the school plans. was obtained

by combining the partial judgements of attributes and of school plans

with respect to attributes using 5aaty's technique, as described in

Chapter 4. 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, 0.143, 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 81.2 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 81.3. Table 5.7 shows the approximate indices for subjects

S1.1, S1.3, s1.4, 51.5, 51.6 and includes the index for S1.2 using

Saaty's method.
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The ratings given in tables 5.4 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 judgements

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 51.2'6 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 rank orders af plans (overall rank: C D A E B F,

rank derived from indices: CAD B E F) are slightly different. But

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 cOl11J?arison with

the overall ratings the intermediate plans, (At D), have their rank

orders reversed according to the indices.

For 81.3 the two subjective evaluation profiles have similar shapes

and the comparison between the overall ran..1( (table 5.4) and the

indices (table 507) 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 51.5; 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 nuober

of subjects and the organisation of the experiment barely \varrant 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 maximum

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 ~e of this number of attributes as described in

4.3.'

The result of testing hypothesis 4 shows that there wa$ 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 5.4. This gives an overall preference for the group:

D, Band C equal, At 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 m'chitect (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 significant 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 hy:potheses 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 unqualified

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 ~dth 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 ran..tes, though the results were not

totally discouraging.

The experiment was conducted "lith each subject individually under

informal oonditions at the experimenter's workspace, at the

experimenter' B 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 "lith

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 Description and rating or attributes for school plan

design

Sub- Attri- Eigen- Description of attribute
ject bute vector

S1.1 a

b

c

d

e

f

S1.2 a

b

c

d

e

f

S1.3 a

b

c

d

e

f

.278

.205

.156

.203

.103

.427

.307

.083

.042

.065

.077

.132

.122

.264

.120

.137

.225

Friendly interior environ~ent (colours,
furniture, etc)

Natural daylight and Yentilation in classrooms
and dining room

Flexible use of teaching areas - including hall
and dining room

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

Separate access for services (delivery), emall
through traffic in teaching areas and library

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

Orderliness

Clear circulation pattern

fuylight

Sensible disposition of service/serviced
functions (e.g. lcitchen, wcls, etc)

Clear entrance arrangements (people, vehicles)

Sensible orientation

Internal circulation

Separation of teaching areas and service areas

Relationship of various spaces to the site·

11ain entrance - relationship to site and rest of
sohool

Flexibility

Organisation and grouping of spaces based on
organisation of school

- 68 -



Sub- Attri- Eigen-
ject bute vector

s1.4 a .104

b .135

c ;.301

d .165

e .090

f .205

81.5 a .180

b

c

d

e

f

.197

•104

.179

.115

•226

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 - variatio~ 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 ap~rt from the
main body of the school•

Hall should be central and easily accessible
from all rooms.

s1.6 a .290

b .138

c •019
d .028

e •100

f .425

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

3ub- Attri- Eigen- Description of attribute
ject bute vector

31.1 a .048 Relationship of classroom to library

b .107 Dining room - natural light and ventilation

c .086 Compactness

d .104- Access to external play area

e .026 Courtyard position

f .194 Orientation of classrooms

g .182 Circulation

h .109 Position of classrooms

i .049 Relationship of entrance to library

j .096 Divided classrooms

31.2 a .449 Orderliness

b .322 Clear circulation

c ,078 lX\ylight

d .071 Entrance arrangements

e .080 Sensible orientation

31.3 a .145 Formal organisation and ordering principles

b .554- Grouping!dispersal of classes

c .233 Access to classes

d .067 Service areas grouping

31.4 a .138 Location of entrance and delivery

b .204- Arransement of hall/dining room/kitchen

c .424 Logic of geometry and zoning

d .038 LeIloaoth of external wall

e .107 Entrance planning

f .058 Direct access between hall and classrooms

g .032 Courtyard size and location
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Sub- Attri
ject bute

S1.5 a

b

c

d

e

f

g

h

Eigen- Description of attribute
vector

.292 Orientation of classrooms - south facing for
sunlight

.074 Relationship of entrance to library

.101 Compactness

.162 Dining room and kitchen away from classrooms

.170 Dining area - daylight and natural ventilation

.030 Orientation of entrance

.041 Entrance separated from service delivery

.129 Integration ot administrative offices into main
part of school

s1.6 a

b

c

d

e

f

.147

.108

.107

.240

.347

.051

Delivery aWay from classrooms

Delivery a~my from entrance

Administration near delivery

Orientation of classrooms for sunlight

Administration offices isolated from classroom
(for noise)

Administration offices near hall
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Table 5.3 Consistency achieved in scaling attributes

Subject Attributes Attributes School plans
for design for evaluation

Amax Number Amax Arnax
used

51.1 6.246 10 10.848 6.167

S1.2 6.527 5 5.537 6.976

51.3 6.638 4- 4.338 6.278

31.4 7.064- 7 7.568 7.246

51.5 6.192 8 9.169 6.779
31.6 9.114 6 6.647 6.489
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Table 5.4 Overall rating of school plans: eigenvectors derived from paired comparisons, corresponding

ranks and coefficient of concordance (W)

,
~
I

Plan Eigenvectors Ranks vI Significance

81.1 81.2 81.3 s1.4 S1.5 81.6 S1.1 81.2 81.3 81.4 81.5 81.6 level

A .108 .182 .115 .311 .059 .580 5 3 5 1 6 1
B .318 .040 .122 .160 .342 .101 1 5 3 3 1 3
C .132 .392 .277 .297 .246 .054- If. 1 2 2 2 5 0.368 .05
D .158 .281 .307 .098 .179 .117 3 2 1 4 3 2

E .228 .080 .121 .086 .080 .048 2 4 4- 5 5 6
F .057 .024 .058 .048 .090 .100 6 6 6 6 4- 4



Table 5.5 Rating of attributes and rating of school plans with respect

to each attribute, given by subject S1.2

Attri- \veight- Plans
bute ing of

attri-
butes A B C D E F

a .449 .366 .120 .309 .115 .052 .038

.164 .054 .139 .052 .023 .017

b .322 .276 .040 .415 .156 .084- .031

.089 .013 .113 .050 .027 .010

c .078 .371 .217 .140
I .176 .050 .046

.029 .017 .011 .014 .004 .004

I

d .071 .095 .167 .28"6 .167 .238 .048

.007 .012" .020 .012 .017 .003

e .080 .046 .041 .315 .309 .186 .103
)

.00'+ .003 .025 .025 .015 .008

INDEX: .293 0009 .308 .153 .086 .0'+2

Note: Tna figures in the top left corners of each entry represent the relative
weighting (normalised eigenvectors) of the school plans judged with respect
to each attribute. The figures in the bottom right corners of each entry
repreRent 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 81.3

Attri,- Weight- Plans
bute ing of

attri-
bute A B C D E F

a .145 .238 .14-3 .286 .190 .095 .04-8

.035 .021 .041 .028 .014 .007

b .554 .286 .143 .190 .238 .095 .048

.158 .079 .105 .132 .053 .027

c .233 .095 .14-3 .238 .286 .190 .048
.022 .033 .055 .067 .044 .011

d .067 .286 .14-3 .238 .190 .095 .048
.019 .010 .. 016 .. 013 .006 .003

INDEJC .234- .143 .217 .240 .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 rif~t corners of each
entry represent this relative weighting multiplied by the relative weighting
of the attributes. The index is the sum of the products for each plan.
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Overall rating of school plans: indices

Plan Subject

Indices Ranks

81.1 81.2 81.3 81.4- 81.5 81.6 81.1 S1.2 S1.3 s1.4 S1.5 s1.6

A .226 .293 .234- J .264 .085 .162 1 2 2 1 6 3

B .187 .099 .143 .127 .170 .114- 3 4 4- 5 4 5.5
C .205 .308 .217 .203 .215 .205 2 1 3 2 1 2

D .112 .153 .240 .202 .204 .248 6 3 1 3 2 1

E .123 .086 .117 .152 .189 .157 5 5 5 4- 3 4-
F .145 .042 .048 .053 .136 .114 4 6 6 6 5 5.5
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Figure 5.1 Comparison between each sUbject's similarity
judc,-ements of school plans, the ,oreighting given in overall
evaluation and the additive utility model indices.
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Figure 5.1 continued
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The six school plans

The following six pages show the school plans used in EXperiment One.
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CHAPTER 6

6.1

EXPElIDlENT TWO

Introduction

EXperiment One showed the potential usefulness of Saaty's prioritization,
and hierarchical cluster analysis in the evaluation of designs, and in

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 evaluated 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 R!l.rch 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 the purposes of the experiment,

four aspects of the technology were agreed upon jointly by the

experimenter 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

elivided conveniently into groups for undertaking the background

investigations. Second common attributes could be discussed explicitly

so that each person would have a common basis for making judgements.

Third because all subjects were sharing the same attributes, the

paired comparison technique could be performed \dth the whole year

simultaneously; attempting to do it individually would have been

excessively time consuming.

Hypotheses

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

expressed as null hypotheses.

Correlations between the ratings of attributes before

and after design

Hypothesis 1

Hypothesis 2

Hypothesis 3

6.2.2

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

That there would be no significant co~cordance between
the ratings of attributes before design.

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

Internal consistency in prioritization before and after

desir;n

F.'ypothesis 4 T'nat there ..,ould be no significa!1t C'.ifferences bet,.,reen
the internal consistency achieved in prioritizatio~ of
attributes before design compared with after design.

Hypothesis 5 ~nat internal consistency achieved in prioritization of
attributes would not improve as a result of performing
prioritization, in conjunc ;;ion 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 performin~ ~rioriti~ation on desi~ perform~nce

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

Hypothesis 9

Consistency and design performance

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 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.

6.2 0 6 Concordance between evaluations of schemes

Hypothesis 11 That there would be no significant concordance within
the. evaluations of design schemes with respect to each
attribute.

Hypothesis 12 That there would be no significant concordance between
the evaluations of design schemes with respect to
different attributes.

Hypothesis 13 That there would be no significant concordance among
the tutors' evaluations.

Hypothesis 14 That there would be no significant correlation between
the students' evaluations of the schemes and the
tutors' evaluations.

6.3 ~erimental Method

In order to test the hJ~otheses the a~eriment was designed as follows:

1

2

Four aspects of the design problem were agreed by

tutors and the a~erimenter as being the foci of the

study. Tlle four were:

a structural pronerties of grp, inc1udine such factors
as the sizes of the members, anchorage and wind,
site conditions and fixing;

b m~nufacturin~ requirements, inclUding such factors
as the size of the mould, the method of 1amination~

and the jointing of materials;

c e~\~~O~ln~Dt~l Rsnect~, including such factors as
heat loss and condensation;

d interior fixtures and fittin3s, including such factors
as plumbing, we's and equipment.

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 so on.
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3

4

5

6

7

8

9

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 equal number of members of groups A, B, C and D.

Figure 6.1 shows this division in diagramatic form

The brief \.,ras handed out.

Members of teams X and Y made judgements of paired

comparisons of the four attributes a, b, c, d described

above, using Saaty's prioritization. All four were

f{rst displayed on a board. The numerical scale to be

used in making judgements was also displayed. The

board shmring 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 \-Tere 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 theLl.

The ffilbjects 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.

All schemes were exhibited in the studio. Each scheme

was allocated a number, ~~d the number pinned over the

Bubject's name. The schemes were numbered at random

from 1 to 26 in order to reduce the ability of the
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11

12

subjects when evaluating to know whose scheme was

\'lhich. 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

else's 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 Liverpool, 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

desi.~er'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 marking commonly associated with undergraduate

assessment. Appendix 6.3 describes the scale. (The

use of paired comparisons would of cqurse have been

impossible.) Each evaluator marked the schemes for

their performa~ce on the particular attribute into

which th~t evaluator as a designer had been responsible

for undert~<ing background 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

15

16

6.4

6.4.1

Three independent tutors who had not previously been

involved scaled paired comparisons of the four

attributes.

These three same tutors gave each design scheme an

overall mark using the same scale as the student

evaluators had used.

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.

Summary

The experiment may be summarised thus:

Before designing:

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

ii ~rembers 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, all subjects performed priorit
ization of attributes.

In evaluation:

i Each subject marked every scheme for its
performance ~vith respect to the particular aspect
of the design problem (a,b, c or d) to which he
had been allocRted initially.

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

iii The three tutors marl~ed the schemes for overall
performancA.

Results

Correlations between the ratin~s 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 prioriti~s 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 (0< = 0.01). The null hypothesis ",as

rejected.

Hypothesis 3 was tested by calculating Kendall's coefficient 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 (ex = 0.01). The null hypothesis was .

rejected.

6.4.2 Internal consistency in prioritiz~tion before and after

desi~

Hypothesis 4 was tested by calculating Mann~ihitney's U between the

maximum eigenvalues (internal consistency measures) achieved in

scaling paired comparisons of attributes by members of team Z who

rated attributes for the first time after designing, with those

achieved by members of te3ms X and Y before design. Table 6.2 shows

the data. U was found to be 27 which was not significant. The null

hypothesis was not rejected.

Hypothesis 5 was tested by calculating ~Enn~{hitney's U between the

m~im~~ 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 fo~~d to be 19.5 which was not significant. The null hypothesis

was not rejected.

Hypothesis 6 was tested by calculating Hann.,J.lhi tney' s IT between the

maxim~m eigenvalues achieved in sc~ling paired comp~risons 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.

- 92 -



Effect of performing prioritization on design ~erformance

Hypothesis 7 was tested by calculating Mann-~1hitneY'B 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-iVhitney'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.

Consistency ani desi~ performance

Hypothesis 9 was tested by calculating Spearman's rank correlation

coefficient between the rames 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 \o[as 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 signific~nt correlation between two sets of ranks

using Spearman's rank correlation coefficient when there are four

items being ra~~ed, there must be no differences between the ranks.

Of the twenty subjects' results compared, only two, 32.5 and 52.8

showed significant 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 normalis~d 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 correlation

between the two sets of ranks. The second additional alternative

entailed dra~ang 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

murKS 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.

'llfle only conspicuous exception is scheme U which scored well with

respect to attributes a and b, but poorly with respect to attributes

c and d. The profile of the relative weightine of attributes on the

other hand indicates that the designers did not rate the attributes

approximately equal, with the exceptions of S2.11 and 52.17. None of

the three means of testing hypothesis 7 gave expected results. The

null hypothesis \\las not rejected.

Concordance between evaluations of schemes

Hypothesis 11 was tested by calculating Kendall's coefficient of

concordance bet\'1een the ranks of marks awarded by assessors ...,ith
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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 6.7 shm.,s the coefficients of concordance. In all

cases concordance was highly significant. The null hypothesis was

rejected.

Hypothesis 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 wbich was significant at the

0.01 level. The null hypothesis was rejected.

Hypothesis 14 was tested by calculating Spearman's rank correlation

coefficient between the rark~s of the total average marks ~nth respect

to. the four attributes received by each scheme and the ranks of the

total marks awarded by the three tutors. Tables 6.; and 6.4 show the

~~ta. The coefficient was found to be 0.689 which was significant at

the 0.01 level (one-tailed test). The null hypothesis was rejected.

The result of tasting hypothesis 1 is indicative that a high

proportion of subjects \'1ho 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 chanse over time for no app~rent reason,

and subsequent experiments 3, 4 and 5 attempt to explore this

possibility.

The res~lt of testing hypotheses 2 and 3 were slightly surprisin~ in

that it hnd been a~ected that designers would 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 common 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 ~nth the design

process, with or without beins 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 desree of internal consistency. Like the previous

results (of testin~ hypotheses 5 8~d 6) these results are not really

surprising. Ivith reference to the work of Abercrombie, discussed in

~, it is clear th3t in her work to encourage decision-makers to

become aware of the factors which influence their judgements, she

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

measurably improved judgements to be made.

\Vhile 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 correl~ted with design ~bility (as measured by

the total average score awarded with respect to e~ch 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 inter~l 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 scopes 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 sel~ defeating procedure because the whole point of

specifying the scale fully was to be able to comp3re the marks a\~rded

with respect to the different attributes. For 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 eh~ected correlations were not found. Comparing profiles of

intentions and achievements (figures 6.2 and 6.3) was another Rlternative.

The tendency h3s 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 achieveQe~ts could be more readily understood; Spearman's

rallic correlation coefficient would be an unsuitable meaSlrre for

discrimin~ting between ranks which are approxim~tely equal. HO\ieVer as

figure 6~2 shows the weishts ascribed to the attributes by each

designer varied considerably, with the exceptions of 82.11 and 82.17

who rated all the attributes 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 approxim~tely equ~l m~rks with respect to each attribute, are

reflected in the results of testin~ hypotheses 11 and 12. They

confirm tlli~t the assessors within e~ch group were in agreement about

the relative merits of the schemes with respect to each separate

attribute. They also confirm that when the ra~~s of marks awarded by

two or more g~oups 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 testing 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

assessors. It 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

valu~~ that these differences would manifest themselves in the design

schemes, and that in evaluation different schemes would score well

with reopect 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 th;_s experiment. Aprobable explanation may

be postulated in terms of the existence of a confoundin~ variable,

which was not controlled in the evaluation phase of the experiment. No

control was exercised over the quantity of inform~tion which the

drawin~s co~veyed. Cakin (1976) has shown how information additional

to b~sic pla~s, sections and elevations may cause convergence among

judgemeats. If the desiVl schemes varied in the amount of information

th.ey cotlve:{ed this t-fOuld probqbly Rccount for the recorded level of

concoraance amon~ the judgements. Neither was control exercised over

drawing style. It appears essential in future experiments to control

these variables.

Fin;3.11:v a note must be marle a"bout the or.g;misation of the experiment.

Owing to factors beyo~d the experimenter's control, not everyone was

present for all the sessions. For example, although there were

twenty-six sch~mes 8ui,mitted there ",ere only ninp.teen stu~ent

assessors. Gr-:mps cont,'lined different numbers of students respecti vely.

Teams containp.d different numbers of students respectively too. A

certain amount of jug;ling with the figures.has therefore been

necessRry. The tables show this juggling explicitly and it can only

be hoped that the results hqve not been impaired by the lack of

- 98 -



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

3ubject Team Group

82.1 Z A

32.2 y B

82.3 X A

82.4 X B

82.5 X A

32.6 Y ...

32.7 X D

82.8 X c
82.9 X B

.52.10 Z D

S2.11 Y B

S2.12 Z B

82.13 Y A

S2.14 X c
32.15 z D

S2.16 Y D

82.17 X D

82..18 Y c
82..19 z D

82.20 X C

82.21 Z A

S2.22 Z D

S2.23 z A

82.24 y D

32.25 Y c
32.26 z B

• 82.6 was not allocated to a group
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Table 6.2 Ranks of attributes derived from scaled paired

comparisons before and after designt and associated

consistency measures

Before design After design

Subject Ranks Ranks

a b c d Amax a b c d Amax
52.1 - - - - - - - - - -
82.2 4 1 2 3 8.156 2 1 4 3 4.948

32.3 3 2 1 4 5.733 1 2 3 4 4.319
52.4 2 1 3 4 4.119 1.5 1.5 4 3 4.155
52.5 1 3 2 4 4.638 1 2 3 4 4.621
52.6 4 2 1 3 4.190 - - - - -
52.7 4 1.5 1.5 3 4.060 4 1.5 1.5 3 4.006
32.8 - - - - - 1 3 2 4 4.033
52.9 3 1 2 4 4.479 2 1 3 4 4.735
S2.10 - - - - - 3 2 1 4 4.321

32.11 2.5 2.5 2.5 2.5 4.000 2.5 2.5 2.5 2.5 4.000

52.12 - - - - - 1 3 2 4 8.568
82.13 2 1 3 4 4.517 1 2 3 4- 4.637
S2.14 1.5 1.5 3 4 4.154- 1 2 3 4 4-.347
82.15 - - - - - 4 1.5 1.5 3 4.044
82.16 2 1 1+ 3 4.226 3 1 2 4 4.084
S2.17 2 3 1 4 4.413 2.5 2.5 2.5 2.5 4.000
32.18 1 3 4 2 6.136 1 4 3 2 4.359
52.19 - - - - - 1 3 2 4 6.432
5~.20 3 1 2 4 5 .. 016 - - - - -
.'32.21 - - - - - 3 1 2 4 4.53~

52.22 - - - - - - - - - -
S2.23 - - - - - - - - - -
52.24 3 2 1 4 4.664- 2 1 3 4 4.742
32 .. 25 1 .2 3 4 4.228 1 3 2 4 4.097
52.26 - - - - - - - - - -
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Table 6.3 ~qrks awarded by evslu3tors, tabul~ted according to attributes with respect to which marks were awarded

~

2
I

(f) Evaluators
~~

attribute a attribute b attribute c attribute d Tutors.,-\ (l)

1l.J.t:l
~g 82.3 82.5 52.13 S2.2 82.4 82.9 82.11 S?.12 82.8 82.14 82.18 82.25 82.7 52.10 S2.15 82.16 82.17 S2.19 82.24 T1 T2 1'3

A 1 .12 1+ 5 9 5 7 6 6 1 7 6 10 5 5 2 3 15 1+ 6 4 1+
B 17 14 16 17 13 9 1'+ 10 8 4 16 10 8 12 8 9 12 15 12 16 9 12
C 16 4 8 15 16 ":5 q 7 8 1 10 8 10 9 8 6 10 10 15 6 6 4
D 4 4 9 3 9 8 16 13 7 3 10 11 15 12 15 5 9 10 12 11 13 7
E 10 16 9 8 6 15 17 8 8 4 12 11 10 9 4 5 4 10 4 7 6 8
F 15 14 15 11 18 15 18 '7 12 8 17 15 15 12 13 16 16 10 15 20 10 11
G 11 1 1+ ~- 4 3 12 8__.-8-1-. 4 6 8 12 5 1 5 2 3 4 3 4 4
H 14 16 11 11 9 11 13 13 __~\? 3 18 9 12 10 2 14 3 15 3 8 8 3
I 12 11 14 10 16 1? I,:) 11 12 13 17 13 15 17 2 14 4- 15 14- 8 13 15
J 17 11 14 5 8 11 14 ,10 10 7 9 8 12 10 13 8 8 12 15 9 7 6
K 18 19 15 17 17 18 15 14 12 10 11 7 15 12 14 14- 15 15 17 17 5 16
L 18 9 12 13 16 9 12 12 12 6 17 14- 14 15 12 9 9 15 16 8 7 4
H 13 7 12 15 16 10 14 11 7 9 7 5 10 10 8 6 15 3 15 7 6 7
N 15 14- 16 7 11 14- 14 8 12 9 9 9 6 12 14- 8 15 5 13 8 4- 8
0 8 10 9 5 10 10 12 1"1 9 3 12 12 6 9 12 8 5 5 15 9 6 7
P 11 15 11 17 10 15 18 14- 12 1, 16 14 18 14 10 14 16 111) '3 20 14- 18
Q 16 11 16 14- 16 11 14 14 13 8 13 10 15 10 16 13 16 18 16 14 15 16
R 13 7 14- 11 8 14- 10 11 9 7 10 12 14- 7 6 9 '5 2 6 ? 5 12
8 12 14- 10 12 12 7 16 12 12 4 10 8 11) 12 8 10 1":5 11) 14 12 ? 6
T 8 5 11 9 8 7 7 10 6 4- 11 12 6 9 7 13 2 '5 13 7 '5 4-
u 7 12 10 15 9 9 13 12 6 1 7 5 5 7 8 2 '5 1 11 9 7 3
V 16 12 15 11 13 1U 14 9 8 3 12 6 9 10 12 9 14 2 14 10 10 8
w 9 10 9 1 8 8 15 9 8 6 14 10 10 9 11 10 10 3 ? 9 3 10
X 2 18 16 16 16 15 19 11 10 2 13 5 12 10 8 10 15 10 6 17 12 16
y 6 6 8 3 8 3 5 6 8 6 9 12 6 1 1~ 6 12 0 12 q 6 4
Z 12 6 11 10 6 9 11 9 9 3 8 11 10 10 14 8 10 1 15 5 8 6

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



Table 6.4 Average mark awarded to each scheme evaluated with respect

to each attribute, and total of average marks

Average mark Rank Total

Scheme a b c d a b c d mark Rank

A 5.67 6.40 5.00 6.29 3 1 4- 2 23.36 25

B 15.67 12.60 9·50 10.86 1 2 4- 3 48.63 8

c 9.33 10.00 6.75 I 9.71 3 1 4- ,2 35.79 19
D 5.67 9.80 7.75 11.14 4 2 3 1 34.36 21
E 11.67 10.80 8.75 6.57 1 2 3 4 37.79 16
F 14.67 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 4 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 4 2 43.24 12
K 17.33 16.20 10.00 14.57 1 3 4 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 40.04- 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 4. 1 2 3 54.02 4
Q 14.33 13.80 11.00 14.86 2 3 4 1 53.99 5
R 11.33 10.80 9..50 7.00 1 2 3 4 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 4- 32.31 22
U 9.67 11.60 4.75 5.57 2 1 4 3 31.59 23
V 14.33 11.40 7.25 10.00 1 2 4- 3 42.98 13
w 9.33 8.20 9.50 8.57 2 4 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 7.14 3 4 1 2 27.56 24-

Z 9.67 9.00 7.75 10.00 2 3 4 1 36.42 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 Nnax Scheme Ranks of Ranks of
score Amax scores

52.2 4.948 48.63 18 7

52.3 4.319 35.79 9 16

52.4 4.155 34.36 8 17

52.5 4.621 37.79 14 13

82.7 4.006 22.70 3 20

52.8 4.033 45.00 4 10

52.9 4.735 50.65 16 5
52.10 4.321 43.24 10 11

52.11 4.000 58.10 1.5 1

52.12 8.568 50.51 20 6

52.13 4.637 40.04 15 12

52.14 4.347 45.98 I 11 8

52.15 4.044- 36.17 5 15
82.16 4.084- 54.02 6 3
32.17 4.000 53.99 1.5 4-

S2.18 4.359 36.63 12 14
S;~.19 6.432 54.73 19 2

S2.21 4.532 31.59 13 18
52.24 4.742 45.04- 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 teams

Team Subjects l1arks

X 82.3 35.79
82.4 34.36
82.5 37.79
S2.r, 22.70
82.9 50.65
S2.14 45.98
82.17 54.02
S2.20 32.31

y 82.2 48.63
S2.6 55.33
S2.11 58.10
S2.13 40.04
82.16 54.02
82.18 38.63
82.24 45.04
82.25 27.56

z 82.1 23.36
82.10 43.24
82.12 50.51
S2.15 36.17
S2.19 54.73
82.21 31.59
82.22 42.98
82.23 35.60
S2.26 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 0.01

B 0.523 0.001

c 0.569 0.001

D 0.4-53 0.001

A + B 0.4-83 0.001

A + c 0.440 0.001

A+ D 0.4-19 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 ..4-11 0 ..001

A + C + D 0.396 0.001

B + C + D 0.390 0.001

A + B+ C + D 0.385 0.001

Tli'TOP.s 0.649 0.01
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Figure 6.1 Division ot the subjects into Teams and Groups
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Figure 6.3 Avera~e mark with respect to each attribute_received b~ design scheme~
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CRAPI'ER 7 EXPERIMENT THREE;

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 ~ossible to test.

Therefore where the first two experiments have provided this experience,

the last three attempt to make use of the findings of t?e first two;

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 experienc~. The first

uses non-architects, the second students of architecture, the third

qualified architects. All three axperiments entail the eliciting of

dominant attributes from the subjects, an intensive design exercise,

the rating of attributes before and after the design proceDs, 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 experiments may be

summarised as follows. A small number of subjects allows a group

discussion to t~(e place for the purpose of a~reeing the set of the

subjects' own dominant attributes. A small number of design schemes.

allows them to be ratedsnbjectivelyusing paired comp~risons, and

therefore allows the weighting of attributes and the weightinS of

designs with respect to each attribute to be combined into an index

using an additive utility model. This is a most 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 eA~erienced if scales are not

used wliformly by each evaluator, as sho,~ in 6.~.5. 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 im~ortance 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 ~tructuring

of designers' intentions studied in Experiment Two. The overall aim is

to exp~ore 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 nllmber 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

~periment 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 also provided.

The time-table (appendL~ 7.2) allowed the first morning for a brain

storming session to find the attributes which the subjects thought

important in the planning of the school, for them to ~eree upon a set

of six dominant attributes end for them individt18.l1y to rate these siY.: in

terms of their subjective importance using Saaty's prioritization. In

the afternoon each subject designe~ individually, a school plan. At

the end of the afternoon each subject again scaled p3ired comparisons

of attributes. On the second day the schemes were evaluated formally

both with respect to each attribute, and ovarall,.usin~ scaled pAired

comparisons. Prioritization of attributes was repeated. Triadic

comparisons of the school pldns 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 holdin~ only a

limited number of concepts at the same time, and this number is 7 ~ 2

(r1iller, 1956). Second in EXperiment One the mean number of attributes

used by subjects was 6J. Third although the first two points sug~est

seven as the most obvious choice, six attributes necessitate only
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fifteen (6C2 ) paired comparisons, as opposed to t\·renty-one ( 7C2 )" wi.th

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 comparisons 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

bet\veen plans.

Hypotheses

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

expressed as null hypotheses.

7.2.1 Correlations between the ratings of attributes by each

subject before desi~, after desi~ 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.

7.2.2 Concordance between the subjects' ratings of attributes

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

Hypothesis 6

Hypothesis 7

Hypothesis 8

Hypothesis 9

That there would be no significant concordance between
the subjects' ratings of attributes after design.

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

Differences between the consistency achieved in scalins

attributes before desi~t after design and durinS

evaluation

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.

That there would be no significant difference between
the set of consistency measures achieved in sC3ling
attributes before design and that achieved during
evaluation.

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

Differences between the consistency achieved in scalin~

attributes and that achieved in scalins school ul~~s

Hypothesis 10 That there would be no significant difference betwee~

the set of consistency measures achieved in .scalin~

attributes before design and that achieved in sc~lins

school plans.

Hypothesis 11 That there would be no significant difference between
the set of consistency measures achieved in scaling
attributes after desisn and th3t achieved in scalin~

school plans.

Hypothesis 12 That there would be no significant difference bet\1een
the set of consistency measures achieved in sCRlin~

attributes during evaluation and that achieved in
scaling school plans.

7.2.5 Correlation between the ranks of conaistency measures

achieved in scalin~ attributes before desi~nt after?

desi~n and qurin5 evaluation

IIypothesis 13 That there would be no significant correlation between
the ranks of consistency measures achieved in sc~lin~

attributes before design compared with those achieved
after design.

Hypothesis 14 That there would be no significant correlation between
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the ranks of consistency measures achieved in scaling
attributes before design compared with those achieved
during evaluation.

Hypothesis 15 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.

7.2.6 Correlation between the ranks of consistenpy measures

achieved in scalin~ attributes and those achieved in

scaling school plans

Hypothesis 16 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.

Hypothesis 17 That there would b~ no correlation betl~een the raru~s of
consistency measures achieved in scaling attributes
after design and those achieved in scaling school plans.

Hypothesis 18 That there would be no correlation between the raruts of
consistency measures achieved in scaling attributes
during evaluation and those achieved scaling school
plans.

7.2.7 Concordance between evaluations of school ~l~ns

Hypothesis 19 That there would be no significant concordance between
the SUbjects' ratings of school plans with respect to
attribute a.

HYPothesis 20 That there would be no significant concordance be~ween

the subjects' ratings of school plans ~ath respect to
attribute b.

Hypothesis 21 That there would be no signific~~t concordance bet,~een

the SUbjects' ratings of school plans with respect to
attribute c.

Hypothesis 22 That there would be no significant concordance between
the ffilbjects' ratings of school plans~rith respect to
attribute d.

R~~othesis 23 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute e.

Hypothesis 24 That there would be no significant concordance between
the subjects' ratings of school plans ~th res?ect to
attri~uta f.

Hypothesis 25 That there would be no significant concord3nce between
the subjects' overall ratings of school plans.

Hypothesis 26 That there would be no significant concordance between
the ratings of school plans derived from the additive
utility model indices.
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Overall rating of school plans, additive utility model

indices and hierarchical cluster analysis

Hypothesis 27 That for each subject there would be no significant
correlation between the overall ratin~ of school plans
and the rating given by additive utility model indices.

Hypothesis 28 That for each subject there would be no correspondence
between the overall rating of school plans a.~d the
hierarchical cluster analysis of similarity judgements
of school plans.

Hypothesis 29 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.

7.3 ~erimental Method

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

research studio as follows:

1

2

3

The subjects (83.1, 83.2, 83.3, 83.4, 53.5, 83.6) 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 follo\nng

statement was read to the group:

f1Consider the implications of planning a t,,.o-form
entry primary school on the given site and to satisfy
the given brief. What import~nt attributes or
qu~lities would you take into accou~t 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 sta~e was ruled out,

second that it was the ~lanning 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 plannin3 the.school.
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4

5

6

7

8

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 f~voured.

The total number of votes received by e~ch attribute

were then exhibited. Following a brief discussion a

second round of voting was held. After the second

round it became clear that because of overl~ps among

attributes such a procedure was unsuited to the task,

and an open discussion was used to agree on six major

attributes.) The attributes were labelled 'a' to 'f'.

Each subject was then asked to work individu3.lly in the

rating of these six co~on attributes. 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 numeri·cal 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 proceeded to design a school plan on the

given site and to satisfy the given brief. Each worked

individu3lly, having been asked specifically not to

confer.

Having designed a school plan, each subject a~in

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), orient~tion,

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 plans,

the numerical scale to be used (appendix 4.1) and a

. fo~ with instructions on how to work through and to

scale all possible ~airs of plans (appendix 4.4) •.
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9

10

11

The redrawn plans were then evaluated by the subjects

with respect to each of the six attributes. Each

subject worked individually. Each was given the siX

redra\~ plans, the numerical scale to be used

(appendix 4.1) and six forms with instructions on how

to work throuSh 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.

Paired comparisons of the six attributes were scaled

for a third time using the same technique as before.

Finally triadic comparisons of the school plans were

made. Each subject worked individu~lly, using a form

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

wlrich they had used; they were not constrained that

these attributes necessarily be chosen from the six

common attributes.

Results

Correlation3 b~tween the ~tinGs of attributes by e~ch

subject befo~e desi~nt after des~~ and in eVRluRtio~

Hypotheses 1, 2 and 3 were tested by calculating Spe3~nan's rank

correlation coefficient between the sets of ranks of attributes given

by each subject before design, after desir,n and durin~ 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 x 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 0.414 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
83.5 2 x x 1.000 0.01

3 x x 1.000 0.01

1 x x 0.771 NS
83.6 2 x x 0.600 NS

3 x x 0.943 0.01

Null hypothesis 1 was not rejected.

Null hypothesis 2 \~s not rejected.

Null hypothesis 3 was rejected.

~7~._4~._2 C_o_n~~~~~~eanthe SUbjects' ratin$~ of_~~bute3

Hypothesis 4 was tested by calculRting Kendall's coefficient of

concord~nce between the six sets of ranks of attributes before desi~.

Table 7.~ shows the dBta. The coefficient was found to be 0.502 which

was significant (0(= 0.01). The null hypothesis \'laS rejected.

Hypothesis 5 was tested by calcul~ting Kendall's coefficient of

concor&4~ce 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 si~nificant. The null hypot}lesis was not rejected.

Hypothesis 6 was tested by calculatins Kend~lts coefficient of

concordance between the six sets of ranks of attributes during

evaluation. Table 7.2 shmis the data" The coefficient was found to

be 0.321 which was not signific~nt. The null hypothesis was not

rejected.
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Differences between the consistency achieved in scaling

attributes before design. after design and during

evaluation

Hypotheses 7, 8 and 9 were tested by calculating l~-Whitney'sU

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 x x 12 0.197

9 x x 14 0.294

Null h)~othesis 7 was not rejected.

Null hypothesis 8 was not rejected.

Null hypothesis 9 was not rejected.

~fferences between the consistency achieved in scalin~

attributes and that achieved in Bcaling school plans

Hypotheses 10, 11 and 12 were tested by calculating Mann-~f.hitney's U

between the pairs of sets of consistency measures under consideration.

Table 7.3 shows the data. ~ne following tabulation shows for each

hypothesis (ll) 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.

10 x x 11 0.155
--

11 x x 17 0.469
--'----._----- --

12 x x 14 0.294

Null hypothesis 10 was not rejected.

Null hypothesis 11 was not rejected.

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

achieved in scaling attributes before design, atter

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

raa~ correlation coefficient and the significance level (one-tailed

test).

H Attributes Correlation Sig.

Before After During coefficient level

design design eval.

13 x x 0.429 NS

14 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.

Correlation between the raa~8 of consistency measures

achieved in scaling attributes and those achieved in

scalin~ 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 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.

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 Wand the significance level.

H Evaluation of plans with respect to attributes \'1 Sig.

b d f
levela c e

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

24 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 \~s 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 rallies of the subjects' ratings of

school plans given by the additive utility model indices. The

coefficient was fo~~d 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 additiva 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 Sig.
coefficient level

S3.1 0.657 NS
f----

33.2 0.143 us
33.3 0.771 NS

83.4 0.314 NS

83.5 1.000 .01
1---

S3.6 0.200 NS

The null hypothesis was not rejected, except in the case of 83.5 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, '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 cluster' analysis

Overall rating Index

33.1 Medium correspondence. Low correspondence. Cluster
Cluster A-D: both rated B-E: both rated low.
highly. Cluster B-E: both
rated low. Plan Crated
nearer B-E.

83.2 ~ correspondence. Cluster ~ correspondence. Cluster
B-E: both rated highly. G-F: both rated low. Plan D

rated close to C-F.
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Overall rating Index

33.3 Medium correspondence. ~ correspondence.
Cluster C-F: both rated
highly. Cluster A-B: both
rated low.

83.4 High correspondence. Cluster ~ correspondence.
A-D-E: all rated highly.
Cluster B-F: both rated low.

83.5 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.

83.6 Medi~~ correspondence. Hi~ correspondence. Cluster
Cluster C-F: both rated C-F-D: all rated highly.
highly. Cluster B-E-A: all Cluster B-E-A: all rated low.
rated lm'l.

Null hypothesis 28 ''laS rejected.

Null hypothesis 29 \las not entirely rejected.

Conclusions

The effect of the design process on ratin~ attributes

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

interesting restuts. The results imply that there are two kinds of

subjects. S3.4 and 83.5 both exhibited a significant degree of

correlation between all three sets of ratings of attributes: before

design, after design and during evaluation. They ho.d a relatively

fixed set of priorities, which did not change, either as a resttlt of

the design process, or through the evaluation of alternative designs.

The other four subjects, 53.1, 83.2, 53.3 and 53.6, did not exhibit a

significant degree of correlation between the ratings of attributes

before and after design; the design process caused measurable changes

in their priorities. It is of particular interest that these four

subjects (like the other t\'1O) did exhibit a significant degree of

correlation between the ratings of attributes after design and duri~g

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 a~ercise 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.

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 7.5.1) it may be seen that there was concordance

among priorities be~ween 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 designe Thus th~design process caused

in some cases changes in the rating of priorities but these changes

were experienced in a different \<lay by each designer. There was

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

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 SUbjects would have had a fluid or

~c opinion of the relative importance of attributes and that this

would manifest itself in the form of relatively inconsistent judgements.

During the design process manipulation 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 borne 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 dra\m is that successive attempts at

performing prioritization do not of themselves lead to improvements in

internal consistency.
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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 Bchool 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 wi.th a degree of

consistency comparable with that achieved in scaling verbally stated

attributes.

The ranks of consistency measures in scalin~ attributes

The results of testing hypotheses 13, 14 and 15 showed that those wTIO

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 pl~s

The results of testing hypotheses 16, 17 and 18 again enable cor.nnents

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 hJ~otheses 13,

14, 15, 16 and 17 to support the notion that some subjects are

inherently more consistent than others in scaling paired comparisons.

2·5.7 Concordance between evaluations of school pla-~s

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

believed that because the subjects differ in their rating of priorities

so 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 recor~ed.

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 \iaY
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by each evaluator, which may be demonstrated by looking at the way

individual Bubjects rated the school plans. For example, consider the

attribute 'd', f1Good access to common areas". Evaluators differed

considerably in their rating of plans \dth 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 classrooms,

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 Beems probable that 800e or all

of these different interpretations account for the lack of concordance

between the evaluations.

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 betwee~

the overall merit ratings, the additive utility model indices and the

hierarchical cluster analysis, each subject is given a verbal

estimate on a four point scale, 'high', 'medium', 'low', 'no', of the

degree of correspondence. L~ 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,

'low'; negative correlation, 'no'.
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Degree of correspondence
- between pairs of results

Overall x xratings

Indices x x

Cluster
analysis x x

53.1 loW' medium medium

53.2 low low low

53.3 low medium no

83.4- low high no

53.5 high medium medium

53.6 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

53.2 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:

53.1 Utility model indices failed to correspond

53.3 Utility model indices failed to correspond

S3.4 Utility filodel indices failed to correspond

53.6 Overall ratings failed to correspond

53.2'5 three S~t5 of results exhibited little correspondence.

53.5's three sets of results a~hibited the most positive correspondence,

with high or. medium correspondence throughout.

Additionally the tabulation shows that the most positive degrees of

correspondence between sets of results occur between the overall

ratings and the cluster analysis.

In the case of 53.5 the additive utility model indices do give a

precise a.ccount of the subject's overall preferences among design

alternatives ta~ng into consideration the weighting of attributes,

and the weighting of plans with respect to each attribute. In the

cases of the other ~Jbjects 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',
'b', 'c', 'd' and 'e' to differentiate between plans, and also rated

these the most important five of the six attributes. Conversely

subject S3.6 did not use any of the original six attributes when

making similarity judgements. Subject S3.4 used attributes 'a', 'b',
'd', 'e' and If' 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 nay 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 O\VU individually expressed attributes. A minor

improvement, which is tried in Experi~ent 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)

c Classroom planning (flexible, open space, supervision)

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

e Easy access to outside

! Views to outside
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Table 7.2 R'J.ting of at.tributes for a sch.ool plan before and after design and during evaluation, and coefficient of

concordance between judgements (W).

Attri- Eigenvectors Ranks Concordance

butes 83.1 83.2 83.3 S3.4 83.5 S3.6 S3.1 83.2 S3.3 S3.4 83.5 53.6 w . Sig.level

p
bO .321 .409 .133 .151 .066 .491 2 1 4 3 5 1-.-I a

I(f)
b .158 .302 .365 .282 .221 .078 3 2 1 2 2 4(!)

'0
.353 .110 .085 .416 .509 .137 1 3 5 1 1 3 .502 .01c

(!)
d .089 .094 .254- .029 .093 .207 4 4 2 6 3 2~

0 .0.54 .00fO .14~ .082 .083 .023 5 6 3 4 4 6CH e
(1)

f .025 .046 .022 .038 ,,028 .064 6 5 6 5 6 5p:\

r'o .106
I

.144 .061 4 15a .039 .175 .130 5 2.5 3 3•.-1
b .272 .033 .175 .?18 .192 .062 2 6 2 .• 5 2 2 4·(f)

(!)

.158 .161-1- .122 .505 i .470 .495 3 3 5 1 1 1 .310 NSrc::1 c
~ d .337 .437 .129 .028 .167 .232 1 1 4 6 3 2
(I)

.099 .256 .377 .061 .079 .025 5 2 1 4 4
i~

4.1 e
Ct-l

f .027 .070 .023 .044 .029 .057 6 4 6 5 6<

• .157 .036 .267 .238 .036 .076 3 5 1 2 5
1

4r-l a
~ b .354 .029 .169 .132 .228 .161 1.5 6 3 3 2 3
CI> c .073 .258 .156 .462 .492 .452 4 2 4.5 1 1 1 .321 N5
bD

d .354 .481 .156 .032 .143 .258 1.5 1 4.5 6 3 2s::
'f"{ e .038 .130 .220 .077 .077 .021 5 3 2 4 4 6~

~ f .024 .067 .031 .058 .024 .033 6 4 6 5 6 5



Table 7.3 Consistency achieved in scaling attributes and school plans

Consistency in scaling· attributes Consistency in
Sub- Before design After design During evaluation scaling plans
ject

Amax rank Amax rank Amax .rank Amax rank

83.1 6.904 2 6.550 1 6.751 2 6.426 1

83.2 6.605 1 6.559 2 6.539 1 6.455 2

83.3 7.867 6 6.656 3 7.200 5 7.089 5
83.4 7.233 5 7.016 5 6.888 4 6.586 3
83.5 7.058 4 6.763 4 6.851 3 6.882 1+

83.6 6.980 3 7.315 6 7.876 6 8.342 6
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Table 7.4 Pating of school plans with respect to attributes

Attri- Plan Subject
bute Eigenvectors Ranks

53.1 S3.2 S3.3 53.4 S3.5 S3.6 53.1 S3.2 53.3 53.4 53.5 S3~6

a A. .468 .256 .271 .320 .126 .053 1 3 2 2 4.5 6
B .04-8 .280 .113 .050 .126 .074 5 1 4 5 4.5 5
c .127 .053 .320 .068 .447 .243 3 5 1 4 1 2
D .261 .108 .168 .360 .130 .098 2 4 3 1 3 3
E .04-8 .260 .076 .182 .136 .078 5 2 5 3 2 4
F .04-8 .043 .053 .021 .034 .453 5 6 6 6 6 1

b A .064- .090 .105 .034 .062 .057 5 4 4 5 5 4-
B .176 .163 .098 .073 .249 .033 2 2 5 4 2 6
c .144- .053 .372 .167 .152 .312 3 5 1 2 4 2
D .025 .023 .039 .029 .029 .153 6 6 6 6 6 3
E .119 .152 .127 .129 .278 .034 4- 3 3 3 1 5
F .473 .518 .259 .568 .231 .411 1 1 2 1 3 1

c A .398 .371 .229 .073 .096 .030 1 1 2 5, 5 6'
B .037 .123 .152 .110 .218 .044 6 3 4- 3 2 4-
c .148 .101 .192 .197 .134 .196 3 4 3 2 3 3
D .289 .313 .316 .447 .027 .429 2 2 1 1 6 1
E .077 .068 .074 .070 .422 .038 4 5 5 6 1 5
F .051 .024 .038 .104- .102 .262 5 6 6 4 4 2

d A .447 .409 .251 .066 .070 .093 1 1 2 4 4 4-
B .062 .316 .087 .036 .062 .044 5 2 4.5 6 5 6
C .102 .069 .355 .261 .302 .242 3 5 1 2 2 2
D .290 .085 .078 .423 .050 .136 2 4 6 1 6 3
E .030 .091 .142 .162 .363 .057 6 3 3 3 1 5
F .068 .030 .087 .053 .155 .428 4 6 4.5 5 3 1

e A .140 .13~ .288 .235 .040 .080 } 3 1 3 5 4
B .199 .418 .105 .037 .232 .019 2 1 4 5 2 6
C .542 .282 .270 .297 .219 .355 1 2 .2 1 4 2
D .026 .026 .038 .106 .039 .105 5.5 6 6 4 6 :;
E .067 .039 .079 .035 .245 .059 4 5 5 6 1 5
F .026 .103 .219 .291 .225 .382 5.5 4 3 2 3 1

f A .225 .227 .251 .169 .109 .134 2 2 2 3 5 3'
B .035 .082 .213 .035 .276 .021 6 5.5 3 5 1 6c .505 .376 .305 .483 .17.5 .432 1 1 1 1 3 1
D .059 .082 .051 .095 .054- .079 4 5.5 6 4 6 5'E .037 .147 .086 .032 .267 .091 5 3 4- 6 .2 4-
F .1.39 .088 .064 .186 .119 .243 3 4 5 2 4 2
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Table 7.5 Ratin~ of school plans Given by a~ditive l1tility model indiees, corresponning ranks and coefficient

of concordance (W)

Plan Subjects

Indices RRnks Concordance

S~ .. 1 .83.2 33.3 33.4- .33.5 83.6 33.1 33.2 33.3 33.4- S3.5 S3.6 \~ Sie;. level

A .294 .337 .237 .144 .082 .057 1 1 2 4- 5 4
B .103 .258 .114 .078 .202 .043 5 2 5 6 2 6
c • ~ 51 .124 .303 .189 .181 .241 4 4- 1 2 3 3 .181 NS

D .17~ .135 .123 .323 .036 .266 3 3 4 1 6 2
E .069 .090 .096 .103 .353 .047 6 5 6 5 1 5
F •207 .056 .128 .163 .147 .345 2 . 6 3 3 4 1



-\
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Table 7.6 Overall rating of school plans: eigenveotors, corresponding ranks and coefficient of concordance (W)

l'lan Subjects

Eigenvectors Ranks Conoordance

S3.1 83.2 83.3 83.4 83.5 S3.6 S3.1 S3.2 S3.3 S3.4 S3.5 S3.6 w Sig. level

A .444 .095 .135 ..197 .047 .053 1 4 4 3 5 5
B .039 .390 .074 .061 .249 .081 5 1 6 5 2 3
C .136 .164- .305 .091 . .178 .239 3 3 1 4 3 2 .070 NS

D .303 .034- .195 .342 .029 .048 2 6 3 1 6 6

E .039 .245 .088 .276 .421 .072 5 2 5 2 1 4

F .039 .073 .203 .034 .076 .508 5 5 2 6 4 1



Table 7.7 Consistency achieved in scaling plans with respect to

attributes

Subject Attribute
>-.max

a b c d e r

83.1 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
53.3 6.510 7.182 7.504 6.453 6.710 8.075
53.4- 7.172 6.660 7.108 6.832 6.230 6.868
83.5 6.153 6.684 7.151 6.665 6.025 6.750
83.6 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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0.5
0.4
0.3
0.2
0.1
o
Plan

Subject S3.5

A D E c 13 F

Similarity
level
1
2
3
4
Eigenvector /Index
0.5
0.4
0.3
0.2
0.1
a

~I

Plan

Subject S3.6

A D 13 E F c

Similarity
level
1
2
3
4
EiFenvector/lndex
0·5
0.4
0.3
0.2
0.1
a
Plan 13 E A c F D

Key +-- Overall evaluation
x--- Additive utility model indices
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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

8.1

E:<PERIHBNT FOUR

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 Environmental Design,

Royal College of Art. This fact apart, the organisation of the

experiment virtually repeats that of Experiment Three, with only a few

ohanges 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 ~nree 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 design after the

school plan attributes had been scaled for the second time. This

ensured that the scaling of school plan attributes occurred

i~~ediately 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.

Therefo~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 that this might lead to an

improvement in the correlation between the additive utility model

indioes and the overall merit rating.

8.2 Hypotheses

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

expressed as null hypotheses.

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
holiday companion before design compared with after
design.

Hypothesis 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

Hypothesis 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 Bubjects' ratings of attributes for a school plan
after design.

Hypothesis 6 That there would be no significant concordance between
the subjects' ratings of attributes lor a holiday

. companion after design.

8.2.3 The effect of the order in which attributes were scaled

Hypothesis? That for each subjeot 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 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.

8.2.4 Differences between the consistency achieved in scaling

attributes before and after desisq

Hypothesis 9 That there would be no significant difference bet~n

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.

Hypothesis 10 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.

Hypothesis 11 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.

Hypothesis 12 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.

8.2.5 . Correlation between the rap~8 of consistency measure3

achieved in scaling attributes

Hypothesis 13 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.

Hypothesis 14 That there would be no significant correlation between
the ranks of consist~ncy measures achieved in scaling
attributes for a holiday companion before design
cOlnpa.red with after design.

Hypothesis 15 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.

Hypothesis 16 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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Concordance between evaluations of school plans

Hypothesis 17 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute a.

Hypothesis 18 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute b.

Hypothesis 19 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute c.

Hypothesis 20 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute d.

Hypothesis 21 That there would be no significant concordance between
the SUbjects' ratings of school plans with respect to
attribute e.

Hypothesis 22 That there would be no significant concordance between
the subjects' ratings of school plans with respect to
attribute f.

Hypothesis 23 That there would be no significant concordance between
the subjects' ratings of school plans given by. the
additive utility model indices.

Hypothesis 24 That there would be no significant concordance between
the subjects' overall ratings of school plans.

8.2.7 Overall rating of school plans. additive utility model

indices and hierarchical cluster a!l<'3.lysis
'.

Hypo·thesis 25 That for each subj ect there would be no significant
correlation between the overall rating of school plans
and the rating given by additive utility model indices.

Hypothesis 26 That for eac~ subject there would be no correspondence
between the overall rating of school plans and the
hierarchical cluster analysis of similarity judgements
of school plans.

Hypothesis 27 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.

8.3 ~erimental Method

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

design studio, as follows:

1 The subjects (S~.1t S4.2, 54.3, S4.4, 54.5, 84.6) were

given a brief verbal description of how the exercise

would be conducted.
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2

3

4

5

The subjects, in a group, were read the following

statement:

"Consider the proposition of a fortnight's holiday in
Greece. \f.hat 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 a list of six

common attributes was agreed. The attributes were

labelled 'a' to 'fl.

Each subject was then asked to work individually in the

rating of these six common attributes fora holiday

companion. Each was given six blan.'lt 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 a:J.d

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. h~t important attributes or qualities would
you take into account in planning the school?tt

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 y~s the planning

that was important as opposed to, for instance,. fittings

and finishes. At this session 19 attributes were
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6

7

8

9

11

12

13

produced in fifteen minutes. All attributes were

recorded ona blackboard. fully visible to the group.

The subjeots were asked to oombine 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 oommon

attributes was agreed. The attributes were labelled la l

to I fl.

Each subjeot 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 \.,ork through the cards and to Bcale 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 Ba8e

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 Beale (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 \iere evaluated by the subjects with

respect to each of the six attributes. Each subj ect

worked individually. Each was given the six redrawn
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15

8.4

8.4.1

plans, the numerical scale to be used and six forms

with instructions on ho\'! 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

attributes.

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

of plans.

Finally triadic comparisons of the school 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 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. Unfortunately 84.4 felt unable to

complete this part of the evaluation.

Results

Correlation between the ratings of attributes by each

subject before and after design

Hypotheses 1 was tested by calculating for each subject Spearman1s 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 rallie correlation

coefficient and the significance level (one-tailed test)~
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Subject Correlation Sig.
coefficient level

Sl~.1 0.943 .01
s4.2 0.943 .01'

s4.3 0.829 .05
s4.4 0.986 .01
s4.5 0.757 N3
s4.6 0.943 .01

In five out of six cases there was significant correlation between the

ranks. In the case of 84.5 there was perfect correlation between the

before and after design ranks when he had. been. asked. for a 6imp~e rank

order. but a certain inconsistency in scaling the paired. comparisons

before design (as sho\m 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

34.1 0.714 NS
34.2 0.886 .05--
34.3 0.086 NS

34.4 0.771 NS

84.5 0.943 .01
84.6 0.943 .01

In three out of six cases there

the ranks; that is, there was a

after design by these subjects.

was not significant correlation between

change in the ranking of attributes

Of these, 34.1's and s4.4's apparent

ch~ngeB could be explained by inconsistency in the paired comparisons;

there was a1most perfect consistency between the bef'ore design and

after design ranks when they had been asked for a simple rank order.

However for subject s4.3 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 Co~cor~~nce between the subjects' ratings of attri9u~es

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 Wand the significance level.

.R Ranking of attributes H Sig•

Before design After design level

Holiday School School Holiday
companion plan plan companion

3 x 0..496 .01
4- x 0.508 ~01

5 x 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 sc~led

Hypothesis 7 was tested by calculating for each subject Spearman's

raa~ correlation coefficient between the ranks of attributes for a

holiday companion before design and the ra~~ 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 a~d

the significance level ..

Subject Correlation Sig..
coefficient level

s4.1 0.314 NS
54.2 -0.086 NS

-
s4.3 0..371 NS
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Subject Correlation Sig.
coefficient level

s4.4 0.243 NS

s4.5 0.543 NS

s4~6 0.257 NS

The null hypothesis was not rejected.

Hypothesis 8 was tested by calculating for each subject Spearman's

ram~ correlation coefficient between the ranks of attributes for a

school plan after design and the ranks of attributes for a holiday

companion aftel:" design. Table 8.2 shows the data. The follo\oTing

tabulation shows for each subject the rank' correlation coefficient and

the significance level.

Subject Correlation Sig.
coefficient level

54.1 0.714 NS

S4.2 0.257 US

54.3 0,,743 NS

54.4 -0.257 NS

54.5 0.386 NS

s4,,6 0.086 NS

The null hypothesis was not rejected.

8.4.4 Dlffe~ences between the consistency achieved in scaling

attributes before and after design

Hypotheses 9, 10, 11 and 12 were tested by calculating }snn-vntitney's

U between the pairs of sets of consistency measures under consideratio~

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 H
0

companion plan plan companion

9 x x 17 0.469

10 x x 9 0.090

11 x x 11 0.155

12 x x 9 0.090

Null hypothesis 9 was not rejected.

Null hypothesis 10 was not rejected.

Null hypothesis 11 tiaS not rej ected.

Null hJ~othesis 12 was not rejected.

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 Holiday coefficient level

companion plan plan companion

13 x x 0.029 NS

14 x x 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 Wand

the significance level.

H Evaluation of plans with respect to attributes \'/ Sig.
level

a b c d e f

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.

Ntill hypothesis 19 was rejected.

Null hypothesis 20 was rejected.

Null hypothesis 21 was rejected.

Null hypothesis 22 ~ms rejected.

Hypothesis 23 was tested by calculating Kendall'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 (ex = 0.05). The null hypothesis \olas

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 (0< = 0.01). The null hypothesis was rejected.

8 ..4.7 Overall rating of school ula~s, additive utility model

indices and hierarchical cluster analysis

H~~othesis 25 was tested by calculating for each subject Spearman's

rank correlation coefficient between the r~c5 of overall ratings of



school plans and the ranks of additive utility model indices. Tables

8.5 and 8.6 show the data. The follo\~ng tabulation shows for each

subject the ramc correlation coefficient and the significance level

(one-tailed test).

Subject Correlation Sig.
coefficient level

84.1 0.829 .05

84.2 0.943 .01

84.3 0.029 NS

34.4 -0.029 NS

s4.5 1.000 .01
84.6 -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 shm-lS the data. The following tabulation gives a verbal

estimate on a four point scale, 'high', 'medium', tlow', 'no', of the

correspondence, for each subject, between the hierarchic~l cluster

analysis, the overall rating and the indices.

Subject Correspondence ,~th hierarc~~cal cluster analysis

Overall rating Index

84.1 High correspondence. Cluster High correspondence. Cluster
E-F: both rated close. E-F: both rated close.
Cluster A-B: both rated high. Cluster A-B: both rated high.
D-C: rated low. D-C: rated loti.

S4.2 Hi~h correspondence. Cluster ~igh correspondence. Cluster
E-F: both rated close. E-F: both rated close.
Cluster A-C-D: all rated low. CluGter A-C-D: all 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.
close. Plan C: rated low.

s4.4 Subject did not perform similarity judgements.

34.5 High correspondence. Cluster High correspondence. Cluster
E-F: both rated highly. Plan E-F: both rated highly. Plan
C: rated low. C: rated low.

s4.6 Medium correspondence. l1ediurn correspondence.
Cluster E-F: both rated close. Cluster E-F: both rated close.
Cluster B-D: both rated close. Cluster B-D: both rated close.
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Null hypothesis 26 ~~s rejected.

Null hypothesis 27 was rejected.

8.5 Conclusions

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 tr..at if significant chanees 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, S4.1, 84.3 and 84.4, there were significant

changes in the ratings of attributes before and after design, as

recorded by the p:dred comparisons. For t\'10 subjects these recorded

changes appear to be due to inconsistency in the scaling of attributes.

However for subject 84.3 the design process undoubtedly resulted in a

measurable change in his subjective priorities. The other three

designers, 84.2, 84.5 and 84.6, conversely, had a relatively fixed

sense of priorities which did not change significantly as a result of

the design prooess.

Concordance between the subjects' ratings of attributes

The results of testing hypothesis 3 showed that there was significant

concordance between the subjects' raa~s 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 unexpe.cted 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.

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.

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 raru~s of consistency measures in scaling attributes

The results of testing hypotheses 13, 14, 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 necessarily more consistent in scaling attributes for a

holiday companion. Neither were those more consistent in scaling

attributes for a school plan before design necessarily more consistent

after design. ~~er& is no reason to believe, therefore, that some

subjects were inherently more consistent than others in scaling paired

comparisons of attributes•. Tllis inference is most encouraging in these

experiments because, had the converse 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 consistency

me~sure reveals more than merely a trait ot personality; it reveals the

judge's ability to achieve consistency for the purpose, and on the

occasion, in question.

Concordance between evaluations of school plana

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 wo~d 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 plans, and the indices.

8.5.7 Overall ratin5 of school plans, additive utility model

indices, and hierarchical cluster analysis

The conclusiouowhich may be drawn from the results of testing hypotheses

25, 26 and 27 concern the comparison between three methods of evaluation

of the s~e stimulus items, the schoel pl~ns. The folloiY.ing 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 verb81 esti~~te on a four point sc~le, 'hi~h',

rmeJi~', 'low', 'no', of the degree of correspondence. In this

tabulation the ra~~ correlation coefficients found in testing

hypothesis 25 are converted to the verbal description thus: correlation
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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 x x

Cluster
analysis x x

54.1 medium high high

84.2 high high high

54.3 low medium low

84.4 no - -
84.5 high high high

84.6 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 (excepts4.4) there

is at least one pair of results that shows a high or medium degree of

correspondence.

Discrepancies in the five sets of results ava.ilable occur for subjects

s4.3 and ,84.6. For subject 84.3 several reasons may be identified. In

the triadic comparisons he used only attributes 'a', 'b', 'c', 'f' to

differentiate between plans, but did not include attribute ed' which he

had in fact rated the most important. Consistency in scaling attributes

even after design was relatively poor, with a maximum eigenvalue of

~.944e Subject 84.6 on the other hand did use all six attributes to

differentiate between plans in the triadic comparisons, and achieved

good consistency in scaling these attributes after design. \Vhat appears

to have happened in the computation of the indices is for differences

between the ratings 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 $4.1, $4.2 and 54.5.
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

re3pect to each attribute.
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Table 8.1 Description of attributes

Purpose Attribute

a

b

c

d

e

f

a

b

c

d

e

f

Description

Compatible sense of h~~our

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 coefficient
of concordance between judgas

Attributes Eigenvectors Ranks Coefficient of concordance

S4.1 34.2 s4.3 34.4 s4.5 54.6 s4.1 S4.2 s4.3 s4.4 34.5 s4.6 \'1 Significance level

~ a .330 .399 .313 .125 .342 .228 2 1 1 3 1 2
S b .104 .283 .092 .116 .026 .070 3 2 5 5 6 4

~'§ c .097 .052 .071 .119 .179 .161 4 5 6 4 3 3 .496 .01
~ d .055 .030 .231 .036 .032 .042 5 6 2 6 5 6
;q~ e .054- .070 .159 .302 .176 .069 6 4 3 1.5 4 5o 0 f .361 .166 .128 .302 .245 .430 1 3 4 1.5 2 1P:!O

a .•231 .271 .266 .121 .333 .390 3 2 1 3 . 1 1
~

b .094- .045 .119 .052 .0'+6 .042 4 6 4 5 5 6
M
s:I c .031 .300 .114 .032 .117 .109 6 1 5 6 4 4 .508 .01

]'~ d .308 .147 .105 .318 .295 .230 1 4 6 2 2 2
e .063 .060 .133 .060 .040 .069 5 5 3 4 6 5OM
f .274 .176 .262 .418 .168 .160 2 3 2 1 3 3tr.lPt

a .270 .225 .212 .195 .375 .311 1 3 2 2 1 2
C\I b .160 .079 .066 .068 .041 .036 4 5 6 4 6 6
bO
s:I c .059 .263 .085 .028 .110 .090 5 1 5 6 4 4 .670 .01

8'm d .224 .159 .231 .527 .273 .392 3 4 1 1 2 1
'5M

e .044 .046 .193 .042 •047 .065 6 6 4 . 5 5 5
tr.lPt f .243 .228 .212 .141 .154- .106 2 2 3 3 3 3

C\I a .334- .362 .313 .155 .294- .255 2 1 1 3 1.5 2
g b .079 .283 .089 .067 .024 •074 4 . 2 4 5 6 5

~i
c .090 .083 .073 .078 .087 .188 3 4 . 6 4 4 3 .496 .01
d .033 .038 .289 .035 .059 .042 5 6 2 6 5 6

'r-! PI e .025 .077 .088 .265 .294- .075 6 5 5 2 1.5 4MEJo 0 f .439 .157 .149 .400 .243 .367 1 3 3 1 3 1::t: 0
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Table 8.3 Consi.stency achieved in scaling; attributes

SUb- Before design After design
ject

Holiday companion School planning School planning Holiday companion

Amax rank Amr'iX rank Amax rank ).,max rank

s4.1 6.242 1 7.306 5 6.4'34 3 6.425 5
54.2 6.457 2 6.449 2 6.378 1 6.355 3
54.3 6.591 4 7.745 6 6.944 6 6.315 1
34.4 6.941 5 6.901 4 6.5~1-5 5 6.404- 4
54.5 7.333 6 6.458 3 6.467 4 6.716 6
54.6 6.590 3 6.427 1 6.396 2 6.339 2



Table 8.4 Rating of school plans with respect to attributes

Attri- Plan SUbject
bute Eigenvectors Ranks

84.1 34.2 34.3 s4.4 84.5 54.6 54.1 84.2 84.3 s4.4 s4.5 s4.6

a A .222 .096 .277 .349 .149 .067 2 4- 2 1 3 6
B .191 .418 .091 .168 .098 .159 3 1 4- 3 4 2.5
C .058 .052 .082 .107 .058 .380 5 5 5 5 6 1
D .026 .051 .064- .028 .077 .091 6 6 6 6 5 5
E .410 .253 .296 .. 206 .369 .144- 1 2 1 2 1 4
F .093 .131 .190 ~143 .249 .159 4- 3 3 4 2 2.5

b A ..330 .108 .151 .224 .136 .067 2 4 4 1 4 5
B .348 .190 .076 .137 .224- .395 1 3 5 4- 3 1
C .020 .045 .218 .113 .042 .108 6 6 3 5 6 4
D .047 .052 .034- .106 .079 .048 5 5 6 6 5 6
E .150 .276 .266 .217 .284 I .186 3 2 1 2 1 3
F .105 .329 .255 .203 .235 .195 4 1 2 3 2 2

c A .276 .040 .181 .082 .059 .135 2 6 3 4 5 4-
B .061 .362 .105 .408 .107 .051 5 1 6 1 4- 5
c .023 .076 .111 .024 .043 .049 6 5 5 6 6 6
D .437 .232 .193 .314 .446 .24-9 1 2 2 2 1 3
E .094- .120 .179 ..105 .161 .263 4 4- 4- 3 3 1
F .108 .171 .231 .067 .184- .255 3 3 1 5 2 2

d A .529 .190 .114 .274 .270 .199 1 3 4 2 2 2.5
B .207 .337 .373 .354 .363 .199 2 1 1 1 1 2.5
c .024 .068 .156 .019 .041 .199 6 5 3 6 6 2.5
D .143 .067 .060 0131 .146 .199 3 6 6 4- 3 2.5
E .034 .127 .066 .170 .105 .090 5 4- 5 3 4 6
F .062 .212 .232 .053 .074 .114 4 2 2 5 5 5

e A .183 .053 .035 .030 .071 .096 3 5 5 5 5 5
B .446 .133 .218 .071 .112 .193 1 4 2 4 4- 2
C .032 .361 .535 .538 .336 .288 6 1 1 1 1 1
D .034- .039 .029 .027 .035 .073 5 6 6 6 6 6
E .198 .166 .O~5 .137 .255 .178 2 3 4- 3 2 3
F .108 .249 .098 .197 .192 .173 4- 2 3 2 3 4-

f A .220 .157 .270 .d+9 .101 .224- 3 4- 2 5 4 3
B .121 .225 .04-1 .050 .137 .099 4 3 5 4 3 5
c .043 .. 031 .037 .022 .037 .046 5 6 6 6 6 6
D .033 .067 .089 .488 .068 .109 6 5 4- 1 5 4
E .233 .237 .340 .208 .419 .249 2 2 1 2 1 2
F .349 .283 .224 .. ,,82 .238 .272 1 1 3 3 2 1

- 166 -



Table 8.5 Rating of school pl&ns given by additive utility model indices, corresponding ranks and

coefficient of concordance (W)

....ll
0"1
-..J

I

Plan Indices Ranl-cs W Significance

S4.1 54.2 ,gl~.3 84..4 81+.5 s4.6 84.1 84.2 84.3 84.4- 84.5 84.6 level

A .309 .109 .175 .238 .161 .143 1 4 4 2 4- 6

B .206 .315 .170 .250 .183 .169 3 1 5 1 3 2

c .038 .070 .188 .064- .061 .228 6 6 3 6 6 1 0.356 .05

D .082 .104 .070 .160 .133 ..147 5 5 6 4- 5 5
E .213 .192 .199 .183 .273 .148 2 3 1 3 1 4

F .152 .210 .197 .105 .189 .164- 4 2 2 5 2 3



Ta.ble 8..6 Overall r'ating of school plans: eigenvectors, corresponding ranks and coefficient of concordance (W)

-'
0'1
ex>

I

Plan Eigenvectors Ranks IV Significance

sl~.1 84.2 84.3 84.4- 84.5 s4.6 .s4.1 84.2 84.3 84.4 84.5 84.6 level

A .270 .153 .219 .045 .101 .308 2 4 2 5 4 1
B .459 .288 .504 .084 .161+ .125 1 1 1 4 3 5
c .024 .. 032 .()lt3 .028 .029 .060 6 6 5 6 6 6 0.575 .01

D .055 .048 .04-1 .125 .051 .130 5 5 6 3 5 4

E .1 al" .251 .083 .236 .412 .156 3 2 4 2 1 3
F .088 .228 .110 .483 .243 .221 4 3 3 1 2 2



Table 8.7 Consistency achieved in scaling plans with respect

to attributes

Subject Attribute

Amax

a b c d e f

84.1 7.588 7.078 6.874 6.900 7.332 7.164
84.2 6.141 6.297 6.307 6..119 6.276 6.245·
s4.3 7.546 6.222 6.806 6.887 6.496 6.439
s4.4 7.576 7.080 6.376 7.280 6.765 7.002
84.5 6.288 6.385 6.693 6.560 6.249 6.634
84.6 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 addi~ive utility model indices.
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Figure 8.1 continued

Subject 84.4
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Figure 8..2 The redrawn school plans

The follm·ling six pages show the redrawn school plans prepared in .

Experiment Four ..
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CHAPTER 9 EXPERIMENT FIVE

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 attributes

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, whi1e.re1ying 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·detai1ed

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

elicite~ 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 ?~l'CO a.I!-d 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 desien 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.

Hypotheses

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.

9.2.3 Differences between the consistency achieved in scaling

attributes before and after desi~

Hypothesis 5 T'nat there would be no significant difference between the
set of consistency meao~es 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.

H)~othesis 7 That there would be no signific~nt 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 That there would be no significant concordance between
the subjects' rating of school plans given by the
additive utility model indices.

Hypothesis 10 That there would be no significant concordance between
the subjects' overall ratings of school plans.

9.2.5 Overall rating of school plans, additive utility model

indices and hierarchical cluster analysis

Hypothesis 11 That for each subject there would b~ no significant
correlation between the overall rating of school plans
and the rating given by additive utility model indices.

Hypothesis 12 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.

Hypothesis 13 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.

9.3 Experimental Method

In order to test the hypotheses the experiment was organised as follows:

1

2

The subjects (85.1, 85.2, 85.3, 85.4, S5.5, S5.6) were

intervie\"led individually by the experimenter. Each was

given a brief verbal description of how the exercise

would be conducted.

Each subject was read the followlng statement:

nConsider the proposition of a fortnightls holiday in
Greece. vlliat important attributes or qualities would
you look for in the selection of a holiday companion?
Using brief descriptio~s write do,~ the six most
important ones onto the cards provided."

The cards were labelled 'a' to If'. 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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3

4

5

6

7

8

Each subj ect \'las 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. \Vhat 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 tfl. E3.ch 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

sho'nn 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

subj ects took between two and four hours, 'inth 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 o~~ attributes using the same

method as before design, as described above.

Each subject scaled paired comparisons of his O\'ln

attributes for a holiday companion using the same

method as before design, as described above.

The six school plans were redrawn by the eA~erimenter

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 subj ect was shown all six plans briefly. Then the

form (appendix 4.6) with instructions on how to m~~e
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9

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 sho\Yn on the form. In

each case the subject was given the choice 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 O\in 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 nlli~erical 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 rarur order was also

recorded.

The redravm plans were evaluated by each subject ,~th

respect to each of his O\fU attributes for evaluation.

Each subject was given the numerical scale to be used.

Taking eaC}l 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 ~rns

not necessarily the orde~ of their subjective importance.

A simple rarur order of plans with respect to each

attribute 'iaS also recorded.
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11 Finally the redrai~ plans were evaluated by each subject

for their overall merit as schools. Each subject was

given the numerical scale to be used. The experimenter

handed all possible pairs of school plans to the subject

in turn, in the order shown in appendi.'IC 4.4, and

recorded the scaled judgement for each pair.

Results

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 Big.
coefficient level

S5.1 0.986 .01

55.2 0.900 .05

55.3 1.000 .01

S5.4 0.600 NS

55.5 0.743 N5

S5.6 0.943 .01
-

In the cases of four of the six subjects, S5.1, 55.2, S5.3, S5.6, there

was significant correlation. The other two subjects, S5.4 and 55.5,

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

S5.4 0.886 .05

55.5 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 9.4 shows the data. The

following tabulation shows for each su.bject the rank correlation

coefficient and the significance level.

Subject Correlation Sig.
coefficient level

S5.1 0.829 .05

S5.2 0.829 .05

S5.3 1.000 .01

85.4 1.000 .01

55.5 1.000 .01

55.6 10.829 .05

The null hypothesis was rejected.

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 ra~~s of attributes for school plan

design before design according to the order in uhich they \'1ere scaled.

Tables 9.3 and 9.4 show the data. 7ne following tabulation shows for

each subject the rank correlation coefficient. and the signficiance

level (one-tailed test).

SUbject Correlation Sig.
coefficient level

S5.1 0.814 NS

S5.2 0.429 NS

55.3 0.314 NS

S5.4 -0.371 NS

85.5 -0.371 US

S5.6 -0.086 NS

The null hypothesis \~s 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 follo\·ling tabulation

shows for each subject the rarut correlation coefficient, and the

significance level (one-tailed test).

Subject Correlation Sig.
coefficient level

35.1 0.486 NS

35.2 0.671 NS·

S5.3 . 0.314 NS

S5.4 0.086 NS

35.5 -0.600 NS

35.6 -0.257 NS

The null hypothesis was not rejected.

Differences between the consistency achieved in

scalin~ attributes ~re and after design

Hypotheses 5 to 8 were tested by calculating ~~nn-\{hitney's U between

the pairs of sets of consistency measures being compared. Table 9.5

shows the data. The following tabulation shows for each hypothesis ell)

the pairs of sets of eigenvalues being compared, the corresponding

value of U, and the probability under the null hypothesis(o~e-tailed

test).

H Before desisn After design U Probability

Holiday School School Holiday under Ho

companion plan plan co:npanion

5 x 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.

Concordance between evaluations of school plans

Hypothesis 9 was tested by calculating Kendall's coefficient of

concordance between the six sets of ranka of the subjects' rating of

school plans given by additive utility model indices. Table 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 sets of ra~~s 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 rejected.

Overall ratin~ 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 rallies of additive utility model indicies. The

following tabulation shows for each subject the ra~~ correlation

coefficient and the significance level (one-tailed test).

Subject Correlation 8ig.
coefficient level

85.1 0.829 .05

85.2 0.600 N8

85.3 0.600 N8

85.4- 0.771 N8

85.5 0.943 .01

S5.6 0.943 .01

In all six cases there was a positive correlation coefficient but for

only three of the subjects, 85.1, 85.5 and 85.6, 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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Conclusione

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

85.1 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 10....'.

85.2 Hi~ correspondence. Cluster Hi~h 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. 1m....

S5.3 High correspondence. Cluster ~ 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. Medi~~ correspondence.
Cluster A-B-D-F: all rated Cluster A-B-D-F: all rated
highly. highly.

S5.5 ~ correspondence. Low correspondence. Cluster
c:D: both rat ed similarly.
Cluster A-B: both rated
similarly.

85.6 Mediu~ correspondence. ~ correspondence. Cluster
Clucter D-F: both rated D-F: both rated highly. A
highly. Cluster B-E: both rated near D-F. Cluster B-E:
rated 10'.". C rated near B-E. both rated low. e rated near

B-E.

Null hypothesis 12 was rejected.

Null hypothesis 13 was rejected.

9.5'-------------
The' effect of the desisn process on ratin5 attributes

The purpose of each subject acting a~ his own control by scaling
~.~\.lit •

attributes for a holiday companion/was to ensure that if ch:mges vare found

in the rating of attributes for a school plan before and after desien,

this change could definitely be ascribed to the design prooess,

assuming that the rating of attributes for a holiday oompanion had not
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changed. The conclusion to be drawn from the results of testing

hypothesis 1 is that tor each subject there was no significant change

in the rating of attributes for a holiday companion. The conclusion

to be dra\fn 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.

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 consistencl

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

compared 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 after 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.

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 additi~e utility model indices. As there was considerable

variety in the attributes elicited from the sUQjects, 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.

Overall ratings of school nlans, 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', 'medi~', '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 significa.nt at 0.01 level, 'hieh'; correlation

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

negative correlation, 'no'.

Degree of correspondence
between pairs of results

Overa.ll
rating. x x

Indices x x

Cluster
analysis x x

55.1 medium high medium

S5.2 low high high

35.3 low high low

85.4- low medium medium

8.5.5 high no 10'."

S5.6 high medium high

In this table it should be remembered that it takes only one set of

results to iail to correspond \Qth either of the other two sets for
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this to affect two of the three pairs. The results are therefore

encouraging in that in all cases except S5.4 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 ~dth 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

S5.4's 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 evaluation; although there were just six

of these, the consistency measure was 7.437, signifying serious

inconsistencies in the rating of attributes and leadin~ 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 belcw average at

6.774.

S5.6'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, str~cturing 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 ~~th

respect to attributes presents a nQ~erically 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

Attri
bute

a

Description

Sense of humour

b Similarity of interests (lack of dissimilarity)

c Similar financial priorities

d Non-smoker

e Optimistic outlook

f Friendly disposition to others

S5.2 a

b

c

d

e

f

S5.3 a

b

c

d

e

f

S5.4 a

b

c

d

e

f

S5.5 a

b

c

d

e

f

Easy going

Feel reliant financially

Adventurous minq/approach

Interest in people's indigenous lifestyles

Sha~ng of enjoyment/activities

Liking of sun, sea, food

Availability - can they go away when I want to

Compa-tability - do they enjoy doing similar things to me,
e.g. sunbathing or visiting places

Money - do they have a similar atlo.unt 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 - sense of conpromise
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3ub- Attri-
ject bute

35.6 a

b

c

d

e

f

Description

Openmindedness - critical and enquiring attitude to new
experiences

Anti-garrulousness

Likes food and new Borts

Not defensive towards the nations

Knowledgeable about places visited

Ability to relax and be lazy
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Table 9.2

Description of attributeafor school plan design

a

Sub
ject

Attri- Description
bute

a Assembly hall on main circulation route, also direct access
to playground

b Classroom - relation to outside environment including
courtyards (using outside as teaching area),
(views, access and sunshine)

c Dining areas - linked to kitchen, stores and delivery area

d Administration areas - some seclusion from noisy child areas

e Library - a common resource; therefore on main circulation;
some quieter area

t 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?)

b Optimise use of scarce resources
- each space to offer alternative possible uses
- contiguous spaces jointly offering other alternatives
- waste eliminated - internal circulation

- external vehicular access

c Child's scale/identification - recognisable/different spaces
- clarity of space organisation
- group identity

d Outside/inside relationships - teaching extends outside
- openness

e Orientation/aspect/shadowing

f Access - vehicles: car park (staff, visitors), deliveries
- pedestrians

a

b

c

d

e

f

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 roo~s/areas of related activities near to
each other
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Sub
ject

Attri
bute

a

b

c

d

e

f

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
~~thin the school. Unchanging focus of the essence of the
school

a Economy of circulation: reducing and making optinnll11 use
(compactness)

b Gr~uping of spaces by function, time and frequency of use
and by whom

c Provision of sunlight, priority: classrooms, library,
administration, dinning, assembly

d Separate service/personnel entrance

e Relationship to outside for views and daylight, priority:
classrooms, library, dining, assembly, administration

f Breaking down overall massing to create outdoor space and to
avoid over-simple form

S5.6 a

b

c

d

e

f

Similarity of parts

Administration hierarchy not reflected in plan arrangement
. -

Flexibility

Light and airy (as opposed to 'cosy')

Simple structure/building system

Clear, easily understandable circulation
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Table 9.3 Rating of attributes for a holiday comp~nion before and after

design: eigenvectors, corresponding ranks and rank correlation

coreeicient (r)

Subject Attribute Before design After design Correlation

ELgen- Rank Elgen- Rank r Significance
vector vector level

a .111 3.5 .131 4
b .385 1 .337 1

S5.1 c .228 2 .201 2 0.986 0.01
d .111 3.5 .162 3
e .099 5 .118 5
f .066 6 .052 6

a .074- 5 .071 4.5
b .369 1 .357 1.5

S5.2 c ,298 2 .357 1.5 0.900 0.05
d .112 3 .071 4.5
e .074 5 .071 4.5
f .074- 5 .071 4.5

a .381 1 .376 1
b .230 2 .221 2

S5.3 c .101 4 .105 4 1.000 0.01
d .032 6 .042 6
e .184- 3 .191 3
f .073 5 .066 5

a .364 1 .136 4-
b .059 5 .063 5

S5.4- c .120 4- .177 3 0.600 NS
d .189 3 .222 2
e .232 2 .370 1
f .037 6 .032 6

a .234- 2 .237 2
.b .093 4- .069 6

S5.5 c .057 6 .071 5 0.743 NS
d .224 3 .160 3
e .092 5 .075 4
f .291 1 .388 1

a .465 1 .429 1
b .202 2 .125 3

85.6 c .115 4 .089 4 0.943 0.01
d .047 5 .043 5
e .033 6 .034- 6
f .139 3 .279 2
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Table 9.4 Rating of attributes for school plan design befo~e and after

design: eigenvectors, corresponding ra~~s and rank correlation

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 .434 1

S5.1 c .108 3 .075 5 0.829 0.05
d .063 5 .080 4
e .070 4 .141 3
f .030 6 .030 6

a .181 2 .193 2
b .172 3 .166 3

85.2 c .431 1 .485 1 0.829 0.05
d .066' 5 .056 4
e .057 6 .052 5
f .093 4- .048 6

a .427 1 .346 1
b .150 3 .177 3

85.3 c .070 5 .061 5 1.000 0.. 01
d .102 4- .105 4
e .055 6 .046 6
f .196 2 .266 2

a .037 6 .034- 6
b .339 1 .349 1

85 ..4- c .051 5 .050 5 1.000 0.01
d .279 2 .272 2
e .212 3 ..241 3
f .083 4 .054- 4-

a .120 4- .077 4
b .376 1 .381 1

85.5 c .057 5 .049 5 1.000 0.. 01
d .160 3 .187 3
e .249 2 .260 2
f .037 6 .046 6

a .055 5 .056 5
b .088 4- .076 4

85.6 c .260 2 .237 3 0.829 0.05
d .034- 6 .033 6
e .228 3 .314 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

>-..max Rank Amax Rank Nnax Rank Amax Rank

85.1 6.943 4 6.411 3 6.546 5 6.725 4

55.2 6.320 1 6.329 2 6.158 1 6.000 1

.s5.3 6.582 2 6.202 1 6.345 3 6.374 3
55.4 7.389 6 6.735 4 6.329 2 7.078 6

55.5 7.313 5 7.124 6 6.709 6 6.277 2
S5.6 6.739 3 6.812 5 6.843 4 6.756 5



Table 9.6 Description of attributes for school plan evaluation

Sub- Attri- Eigen- Description
ject bute vector

b .242

c .032

d .102

e .066

f .197

S5.1 a

g

h

i

.192

.045

.042

.081

Circulation - efficiency in moving
~ shape positive/negative
- aesthetic

Classrooms - aspect/orientation

Handling of service areas, kitchen waste/fuel

Courtyard - effectiveness

Consideration of staff rooms - location, of!
circulation

Architectural content - giving the building a focus
- creation internal places
- connections with the site

Entering the building - children, staff

Library - location/handling

Building economies

Consistency: "max = 9.603

S5.2 a .189 Cost

b .024 External access

c .055 Internal circulation

d .270 Child identification - group, scala

e .119 Flexibility

f .025 Orientation

g .249 Richness of spatial relations/experience, includinS
inside/outside relations, broken up geometry

h .069 Compactness - energy

Consistency: Amax =8.906

S5.3 a .047 Comp<:l.ctness

b .142 Outward grow"ing discipline - planned informality

c .209 Clear main entrance to building

d .096 Clear cirCUlation route

e .153 Relation between plan, form and site

f .288 Focal point or central space

g .064 Zoning of activities

Consistency: Amax = 7.496
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Sub- Attri- Eigen Description
ject bute vector

S5.4 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 Symmetry, order, simplicity and formality of layout

e .093 Cheap to construct, compact

f .121 Good circulation

Consistency: Amax = 7.473

55.5 a .154 Exploitation of external spaces - use

b .097 11ain entra.'1ce - staff overlooking and access to
staff

c .487 Internal circulation - separate from hall

d .043 Exploit internal space - relationship to courtyards,
visual and circulation

e .049 Compactness

f .170 Views and sunlight - classroom, hall, staff

Consistency: Am,~ =6.817

S5.6 a .449 Orientation

b .218 Compactness

c .068 Symmetry

d .265 Clear geometry

Consistency: ~max = 4.282
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Table 9.7 Rating of school plans with respect to attributes, and
consistency achieved

5ub- Attri- Plans Consistency
ject bute Eigenvectors r-rnax

A B C D E F

55.1 a .370 .139 .096 .073 .277 .04-6 6.439
b .243· .271 .051 .089 .249 .098 6.334
c .354 .129 .068 .107 .226 .116 6.350
d .331 .303 .060 .075 .185 .04-6 6.322
e .392 .109 .162 .056 .083 .197 6.277
f .374 .203 .068 .115 .199 .040 6.417
g .317 .177 .087 .198 .172 .048 6.690
h .300 .144 .051 .145 .289 .071 6.233
i .050 .130 .232 .077 .141 .369 6.328

55.2 a .031 .194 .251 .076 .057 .391 6.663
b .201 .488 .038 .125 .098 .050 6.613
c .243 .486 .050 .098 .059 .064 6.492
d .356 .356 .035 .084 .136 .033 6.434
e .040 .295 .103 .107 .046 .410 6.461
f .067 .290 .029 .419 .073 .122 6.695
g .429 .296 .045 .119 .082 .028 6.623
h .030 .245 .149 .110 .057 .409 6.442

55.3 a .032 .108 .248 .159 .058 .395 6.484
b .112 .429 .218 .042 .168 .032 5.433
c .036 .177 .21~7 .397 .085 .058 6.501
d .031 .104 .366 .159 .055 .286 6.677
e .049 .255 .448 .052 .150 .047 6.234
f .280 .095 .377 .162 .0+6 .039 6.236
g .139 .034 .258 .104- .053 .4-12 6.577

55.4- a .257 .127 .031.~ .268 .257 .057 6.278
b .171 .194 .030 .469 .060 .076 6.642
c .251 .343 .049 .211 .102 .043 7.023
d .144- .129 .032 .402 .067 .225 6.842
e .031 .138 .096 .200 .059 .476 6.640
f .263 .377 .041 .204 .052 .063 6.783

55.5 a .460 .267 .oII-O .046 .137 .050 6.297
b .037 .215 .298 .110 .297 .043 6.424
c .092 .041 .179 .220 .419 .049 6.450
d .292 .145 .062 .093 .362 .045 6.323
e .035 .060 .223 .186 .099 .397 6.476
f .131 .313 .058 .073 .290 .130 6.593

55.6 a .184 .034 .025 .279 .133 .296 6.342
b .033 ..067 .282 .177 .097 .345 6.644-
c .186 .. 055 .032 .343 .038 .345 6.358
d .108 .037 .184 .296 .038 .337 6.352
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Table 9.8 P~tin~ of school plans given by additive utility model indices, corresponding ranks and coefficient

of COncor~qnce (W)

Plan Subjects Concordance

Indices Ranks VI Sig.

S5.1 S5.2 S5.3 S5.4 .s5.5 85.6 S5.1 S5.2 85...3 S5.4- S5.5 85.6 level

A. .306 .236 .125 .199 .156 .131 1 2 4 3 2 3
B .199 .304 .182 .229 .1L\-4 .066 3 1 2 2 5 6

c .088 .095 .323 .043 .'146 .124 6 5 1 6 4- 4 .149 NS

D .094 .106 .173 .316 .151 .. 266 5 4 3 1 3 2

E .216 .085 .089 .100 .324- .094- 2 6 6 5 1 5
F .f::J:)7 .175 .108 .114- .079 .321 4 3 5 4- 6 1
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Table 9.9 Overall rating of school plans: eigenvectors, corresponding ranks and coefficient of concordance (W) ,

Plan Subjects

Eigenvectors Ranks Concordance

85.1 S5.2 S5.3 85.4 85.5 85.6 85.1 85.2 S5.3 85.4 S5.5 S5.6 'vI Sig. level

A .330 .251 .068 .394 .266 .078 1 2 4 1 2 4
B .180 .476 .247 .1.52 .103 .033 3 1 2 3 4 6

c .068 .045 .478 .029 .070 .147 5 5 1 6 5 3 .251 NS

D .106 .127 .056 .:519 .129 .227 4 3 5 2 3 2

E .271 .071 .120 ~062 .395 .050 2 4 3 4 1 5

F .045 .031 .030 .045 .037 .1+66 () 6 6 5 6 1



Figure 9.1 Comparison between ecch 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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CHAPrER 10

10.1

SID1MARY OF FINDINGS AND DIRECTIONS FOR FUTURE WORK

Validation of the Theory

The tentative theory proposed in chapter 2 was derived primarily from the

literature search, and in drawing conclusions on t~e 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 ~.

1 Designers may initially rely on a small set of stron~ly

valued'attributes to generate their design 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 fo~~d it quite feasible to reduce

this number dO\in to a basic list of six. In evaluation

they were given the opportunity of describing up to

twenty attributes in the triadio comparisons but four

out Qr 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

aocount for designers' preferences. The Bupporting
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3

evidence for these assumptions comes only partially from

the experiments, and primarily from the literature, as

described in chapter 2.

The attributes desisners 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 m8k~ng in the design

process. In t~e evaluation 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 chan~e

durin3 the design process as the designer finds he needs

to negotiate a solutiono The internal consistency with

whic~ attributes are scaled may improve as a result of

~ design process.

The results of Experiments Three, Four and Five are most

pertinent to this question. 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

eA~e~iment. 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 Oiin individual attributes

in contrast with the non-architects and students who

agreed sets of cornman attributes, and that this

difference in experiment~l organisation accounts for the

measured changes. 1~is explanation is rejected however

for two reasons. First in scaling attributes the

students in Experin2nt Four achieved just as gond a degree

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 anong 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. t1hile 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 aimple 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 poutrol'

whereas S5.6 preferred to see 'Administrative hierarchy

~ 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

cow~on attributes were agreed in group situations, while

in Experiment Two the attributes were decided by tutors.

Tnese 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. ~iO 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 agree~6nt
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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 desi~erB' value systems will

account in part for the differenees between their desi~

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. \f.hat is int~nded in the present

experiments on the other hand is to try to show how

verbally stated decisions about priorities are expressed

as design proposals. E:>cperiment 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, plaIh~ed 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

a~ressed attributes. S5.6 planned quite a different

school. A simple structural system, flexibly pla~ned

classes, and central circulation spine are clearly

visible in the plan, and were among his verbally stated

attributes.

One potential misunderstanding in this section a~ould 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, 54.2 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 alternative

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 qecision makers do make decisions to

maximise their value or utility function, that is, that

they do 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.

Hhat 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 tlleir evaluations of alternatives;

where there has been aereement 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 expressed 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 merlt 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 701, 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 o~m attributes in the partial

judgements, 60 the additive utility model indices better reflected

their subjective judgements and therefore corresponded more to their

overall evaluations. Where in Experiments TP~ee and Four there were

only low degrees of correspondence 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.

·W4en subjects did use only their o~m attributes 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

measurement techniques would ~ecome design aids. A dialogue tcltes

place when the respondent is presented with the analysis of his

judgements and is sho\Vll discrepancies and inconsistencies. Through

this feedback mechanism he learns about his own subjective judgements

in a way, perhaps, that simple introspection cannot reveal. Althou~h

that step has not been taken in the present thesis, these experiments

have nevertheless revealed the potential use of these techniques as

design aids.

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 8~d the evaluation of designs,indicate that they

might prove useful as design aids. The potential range of uses

includes the following:

1 Individual desi~ers
,{

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. Each member of the team
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 desi~

Judgements have been shown to be an essential part of
the design process. The techniques used here provide a
logical framework for m~~ing judgements explicitly. One
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 m~etng 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 rne3ns for exploring the judgements implied by
alternative desi~s.

Computer aided bnildinc; desie:!

One of the trends in C:\BD is to provide quantitative
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
~~ll become concentrated upon by designers using CABD
systems at the expense of qualitative judgements. Even
Weinzapfel (1973), writing about I~\GE, noted that it
was possible for designers to become seduced by the
machine ~~d to fail to take account of its limitations.
~~ver however reports different findings.

"Contrary to the fe:lrs 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 value judgements
are forced to the surface of the design activity and
thereby, themselves become more explicit ll (M'ower,
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
judge~ents. 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-5ome 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 also may be
discouraged from weighting even these attributes
differently.

A technique like the present one could provide an
interesting addition to 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 judgements about the
relative importance of attributes in such a way that the
performance profile could both show the attributes with
which the desi0Uer 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 judgenants 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 Dqrke, 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
bet\veen 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
encoura~estudentsto 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
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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 time

as jUdgement is believed to be an essential part of the design

process (Collins, 2.5) and as better judgements are believed to result

from selfawareneas (Abercrombie, 1i1), so techniques of judgement

analysis are highly relevant to the design process.

10.4 Concludin~ Remarks

Design is a complex activity, and one which needs to be simplified in

order to be understood and described. This thesis has based the

simplification on value theory, taking as its major premise the view

expressed most Stlccinctly by March

"maldng decisions with respect to matters of value is
designing" (I13.rch, 1976h).

Existing observations of design, particularly those resulting from

monitoring and interviewing designers, indicate the important role of

value judgements 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.

Alternatively if it should prove to be the case that designers' values

rewain unmodified by their clients' needs, then clients must choose

designers whose values correspond to their own. Finally for research

there seem to be sGveral 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 value

systema and design proposals; if the differences between value systems

have such obvious effects on desi~ns, 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 DESCRIPrION

Intensity of Definition Explanation
importance

1 Equal. importance Two activities contribute ectually
to the objective

3 Weak importance of Experience and judgeraent slightly
one over another favour one activity over another'

5 Essential or strong Elcperience 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).
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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 Beale in table 2. Decide which one, if either,
of the two is the more important in the planning of a two-fom entry
primary school (to satisfy the given brief, attached) and underline it
in table 1. In the column 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 you need. tihen 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
c d
d e
e f
a c
~- d

c e
d f
a d
b e
c f
a e
b f
a f-

Overall rank.:
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Appendix 4.3 The form for scaling plans with respect to one attribute

Name: T:
Attribute:

Before you ~re 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 pa~e

to me.

Table 1

Pair (underline Score (using scale
the better plan) in table 2)

A B
B C
C D
D E
E F
A C

1---.

B D
C E
D F
A D
B E
C F
A E
B F
A F

Overall rank:
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~endix 4.4 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 \oTould be the better school 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 ra..:.'1k' please give a rank ordering of the plana
in descending order (i.e. best first)

Please take as much time as you need. \fuen 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

,lL. E
E F
A C
B D
C E
D ·F
A D
B E
C F
A E
B F
A F

OVerall rank:
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Appendix 4.6 The form for triadic co~risons (1) where attributes

given

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. 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. The attribute may be, but need not be, one
of the six given.

iihen you have decided:

1 Underline the pair you jUdge similar in column 1.

2 Write the attribute in column 2.

3 In column 3 write down the letters of the plans which do
demonstrate this attribute; it may be the. pair which both
demoastrate it, or the different one, and you must
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. \Vhen you finish brin~ this na~a

to me.

Triad (underline Attribute Plans fulfilling
similar pair) attribute

A B C
A D E
B D F
B C E
A E F
A C D
B E r
A C F
C D E
A B D
C E F
B C D
A D F
A B E
C D F
A B F
B D E
A C E
B C F
D E F
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Appendix 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 column 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 must 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.. When ou finish brin!! this a e
orne.

Tr;Lad (underline Attribute Plans fulfilling
similar pair) attribute

A B C
A D E
B D F
B C E
A E F
A C D
B E F
A C F
C D E
A B D

~. E F
B C D
A D F
A B E

D F
-

C
A B F
B D E
A C E
B C F
D E F
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. .
Co~uter program to calculate additive. utility model

indices and hierarchical cluster analysis

10 REM ADDITIVE UTILITY MODEL
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~:~::::2 LF'f.: I r··! T
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:1.010 nE~'1
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1156 LPRINT
11 ~,O NEXT ,J
1165 PRINT: PRINT
1166 LPRINT:LPRINT

1210 FOFi: 1=1 TON
122'~j F;::l':: ,_,!:'" 1TCIi\]
1230 S=S+B(I,J)*BCI,J)
1:2 /J. (., ~,,! f.-='" '"!I: 'r I •••

f

:I. 250 t·F::~q· I
12~'O '~:;::<:;!.;!~;: l ':::;)

1 2 :;:!> ::::: =-:::: -3:, :U::-" Ct.ll'.l
1 ::~'::~'C ~=()r.:;~. 1_'= :1. -i·IJr·J
1 :::;1)(1 :{ ( ,J J::: (:
13 t (I v·n:: :~': T .J
1~':::20 X(N)==l
1 ::::~::::o Y~~:::::1. 0
1'~:4C) !='on I::: 1 TOr,j
1 ::':~50 V CI ) :::,0
:1. ::::(:.0 FOP ,J:::: 1TeJ!\1
1 ~:: 7 () \{ ( :r ) == V ( I ) + r:: (.J., :r. ) ·n: ( ,J )
1:::: :::0 ~. EX:·- .J
1 :~::,::;.(> NE:-<T :::
1400 FOR 1=1 TO N
1410 X(I)=Y(I)/Y(N)
1420 N!:::XT I
14·:~:() D,·"r..·;E:~=: (Y (N) -VB)
1440 IFD-SF(=OTHEN 1465
11.~~iO Y[:=Y ( N)
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l·l<:,O

146t.
1.1170
147l
14-::;:0
1490
1500
1510
:!. 52("1
15::::0
1540
1.'541
1~5LI~;

155t)
151.:.0
15:10
2(:10

2l)~1

~?()::::2

:"2 C: :::: ::;:
204·0
2050
2060
20£:2
20~,.'.1·

2.0c.~,

2067
:2C)c:E:
20t.,'"i'
2070

207LI·

211')
1120
.~. oj .-,e::
..... I...:.......•

:?:t ~-~ r~1

:21, :~:':·I

2:. ~:5

21 ~~.(l

::2:·.~t H'

GCT:r t:::: q.r)
='F~] (\.T"' )VERALL ~,]EIGHTING OF ITEi'1~::;1I

LF'R I!'.IT "OVERALL l-JE I GHTI tole; OF I TEr'1:~;"

PRINTII1'1AX. EIGENIJAL.UE: ", Y(I'·~)

L.F'R HIT" 1'1(:)X. EIG£NVALU::::: II, Y ~ N)
NO:::0
FI)F~: .J:::: 1. TO I'l
NO::::t··.IO + >: ( ,J)

NEXT ,..I
PI=(HIT I COI-;~F~E::3='O~'.DING EIGENVECTOr,: NC)r;:i'1r':.'LI~:ED EIGEt'~'''''ECTOR''

F'UF;: 1·-; i reI N
PRINT X(I) J II "); ( I) ./l'-!O
LPP I NTX ( :[ )., ;I " .. x~ I ) /I'!O
[=" I) =}< ( ;: l iNC!
NEXT I
PRINT: PRINT: PRINT
LF'~nNT: LPi~H!T: Lf'fU:\lT
REM TO WEIGHT ATTRIBUTES
PP I NT .. HiPUT r,iO ()F ATTP .u.:'u i-E~=; II

LPRINT"[NPUT "10 OF ATTHIBU"tES"
INPUT N2
LPFUNT N2
D I I"IC ( 1I), 10), v(10) , l.J ( 10)
PFU NT "HWU-.- SCALED ,.JUDCiEt'IENT::;; OF (..)TTFU BUTE':::"
FOR K=N2 -1 TOl STEP -1
FeR :I =1 TO I'~

,J=-= I +N2-V
F'F~ I tTi" COMPARE ATTR I BUTE:::: ".; I j II AND II j ,J
LF'RI NT"CCtI"1PARE ATT1:;: I BUTE:::: ".; I.; "AND", ,_I

:: i\ F'U~- C (,J, J)

C ': I, ....1) =1/C ( ,J .. I )
NEX'- I
M::XT K
FOF~ I =1 TO N2
C(:[ .. 1)="1
NF}'.T J:
~or:~ ,J:::: 1 lei N2
FOF: I~:!. Tel N2

U:'l:;~ r NTTN:: ( 1*::::-::::)
PF~'"I: !-·,1f c: t I .. ,_.1) .:

L ::'F;~:1 ~. TC ( I.. ,J) j

1\1[:::;!" I
PF J ,~.-

I.PPT 1'.1 r

2?:1.!) F C!I~~ I::: 1 TO r·[2
...... :: ..:.;.": ..:! :!!~~ ,;-:,.~ 1"1.) \!.-~

. 2';~;:: () ":::F'::::: ~;~~ 1. E -(, I~: ,f '!::~

~(::~I:'-lf·.) F:'C:\:~' I-,:"~:! re! ~\!'.'~

2:~~OO \/ ': ..1 ) =:0
2':::: 1. r) ~.~CY,T ,..'
:?::::::~ 0 ') ( ~.!:~ ) ::-= 1.
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2::'::~:O ItJN=:I. (l

23~0 FJR ]=: TJ ~2

2:::50 l·J ( I ) ==0
23S0 FJF~ oJ=:. TJ ~.2

2::;::70 !.,J( I ):::::hl< I )+C(.J .. I )*V(.J)
2~:::::O 1'.1I::XT .J
2::::90 NEXT I
24(:0 FOF~: :I =:1 -1'0 l,t;:
2410 V(I)=WCI)/WCN2)
24·20 !'. EX T I
2430 D=ABS(WCN2)-WN)
2-1-(:·(:1 : FD-~::; F:-::: =(!THEI.J2 it ~~,5
2450 ~,.lN==h! ( ~\l:"2 )
7.4!:.r) GOTO 2::'=:LlO
2/~S::j PPINT"(....IEIGHTING OF f'rTTRIE:UTE:::;"
:L:4~,,~, LPF;:HIT"[..,JEIGHTHIC:; OF ATTRIBUTES"
24·70
24·71

:7~~5('{)

2~5:_0

PRHIT"!·'!I.:,;X EH'ENV{~LUF.::: II .. ~J(N:2)

LPfH NT II NPIX. EIGENVALUE", (.J': N2)
NO=O
FOR ,J::: 1. TO I'll:
r'!Ct::::t",jO+',I t. ,J)

NEXT ,J
pr:;: I NT II COrmE::WO/..m I NO E I C:ENI....IECTOR
u:'r;':r NT II COP F<!:::::::F' 01\1 DI t·.)13 E I GEt';\,/ECTOR
FOF: I = 1. TO 1\12
FIr;.: I t~~T ') { I )., II

•_'pf~' I I"·rr~/ ! ! :'! ;0

C! ( I :' =l..l ( :: ) .INC!

!'.!CI!::;:i"1(·)L I ::::ED E I (';f.:~NVEC:TC'r;:"

f\'CIF'i"1N_ I ':::ED E I GEI'.''./ECTOR''

", 'V ( I ) /1'·10

2~3::'(' j\:~~ X r ~

25~·(t ~'F:H!!': F'P I!....lr: F'r: UIT
2'5 h.-, L.:::-:~~: [I"!'f: LF'::;.: nrc: LF'F: l]\.j T
::::('40 F'O~ 1.=1 TO ~!~~

:=:(J~:O ::"F::;:rlr "'F!FUr ~::c~u::r.) .JUnC~El'1Fi···:-~-~=; O~:· ITEl"'E: kliTH RE~:PD::T TO P:T1HIBlJ
:~::O~5'l LI='Fn~!r" :r~··!r:)!.F:" ~::::">\~_.~::D ..JlJD!J~~~iP:~!'.!r:=; 0": r-rE>~'~:: i!'[TH RE~~:F'E::' r TC PITTfUBU

:::1) c4 '..= ~: '" r·· 1 -1<
~:: (:~, S FP [ NT" CCii·'ir:'{.'8E :I TE: ~'''I ~::: ".. L "PI r.!.D II , ,J
:3C),~,:1 Lr-:lf-~~!. f\,rr II C:l~::V!;=:~::\i:~:~:: I rE:r;1~~:·'.; I.; II C\if-.!JJ IJ.: .J
::::06:::: I !···IF·'..iT D (,J .. I)
3Ci t;:;;:s P( 1.· ,.-')::::1/0(,_', I)
::::(:'"70 ~. E:X T I
::::!Yl:2 ~ :~::: xT ~.::

30i'4 FCP :: =: 1 ';'C ,,~

:::: 0:) 7'{. [I ( I! I) ~--::: 1
:::1) '?:::: l'·E '<'" 1
:::: 11 (:: F'C)f;: ".k:: 1 rr.1 !'I l
::: 120 F =jf:~ I :~:l T:! t·.1
:::::1. ':.~~) ,:,.,.:: U,fTT?"'d::': !: ~3 ::::-:::)

:? 12 :~. u:·:=;,) !'o!TT('IE: f I 'k::::""::::: ~

::::1. ':::;::. p=;,,: NT
J 1r."' t. !.. c:·,:::! \IT
0:::. {: (, t-1 E: ~....~.;- ....
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11 } "J" I: L": I ) ./t-:j~~l

11.' :- ( : _" .:). ,"~. ! _

::::200 S=O
:;::210 FOH 1:::1 TO Nt
3220 FOR J=l TO Nl
8230 S=3+DCI,J)*D(I,J)

::::250 NEXT I

3280 ;F=~*lE-OS;~l

3290 FOR J=l TO Nl
~::::OO T (L oJ) ==0
:::: ::;:: 1. (:0 l\iE: >< T .J
::: ~:20 T ( _.' f\,l ) ::: 1
:::: :::::3(i Ul\~=1I)

:=:::::40 FO:::: I=1 TO n J.
:~:350 U( I )=0
3360 FOR J=1 TO N1
3::::70 U ( I ) ==U ( I ) +[1 (,J, I) *T (L .J)
::n::0 NE:< '(' .J
~::::: -:'-/() f\·1 EXT I
34~O FORI=1 TO Nt
:;::410 T CL I)::::U ( I ) /U ( hl1 )
:34:;:0 nEXT I
3430 D=ABS(U(Nl)-UN)
:::440 IFD-SF<=C~HEN3465

::::450 UN=U (hi1 )
:3L t.O (;Oro 334C
:~tl·~5 F·F.Un·';....)!:](iHTn.IG OF ITEJ-i:::: I;JITH F<:P::PEC:T TO (~TTF:IE:UTE NO";L
3466 LF'F: I ~,rr I! t.JE I GHT I NG OF I TEJ-t:: t,! I TH Fi:E::::F'EC'T Tn ~iTTR I BUTt;": !\~() "; L
::::LI7) FP(t"-.T 11'1~~X EICEJ11,;ALUE: ", UO'H)
3471 LPf.:II'-,\T"j·'!;4X, EIGEt\\l,H)LUE:!l, UCN1)
:;: 4:::0 !'-i(l=O
3490 FOR J=1 'ro Nt
3500 NO=NO+T(L,J)

::~:~:~;~() F'f~~ I 1'-i-r ,I c.:CIr=.:;:;::E~~=;F'Ci!\ij)I f\I(?' f.:: xt3~t\~'-/E-:C:·rCrf~~

':::'::':--: .t IJ';;';: T. ",IT" <, ...,~:;:;, t::':: i::· .... ;' i"! !: :+" f I I~·:!::i+·.!r: ;~:·rOF:

::::~::'::::O FO::;: 1:=1 T,J t·:l
'::'34":; ::';::::0'1"1 T ~ L :f ) .. ,.

::::~:5'l:' f,: (L.J I) :.:T (L 1) ,/!··:U
::: '.:<:< ' :'" '.': r :t,
:::::'::ie:, nEXT L
i;.. ',,',0 L::'C+,: 1 :.::: i "('('1 H.L

4010 FOR L=l TO N2
'~f)2(' :':: (L, :r.) :::·:C! ': L :. -l:+' <L.· .~ )
40 L,.:) E:',!~::;E':I: -+~:CL, 1.)

,1-0 t: (> >j EXr I
ll"),:;-'-:' .. : ,'''I T:,:i2 .I:..I.

40:::;:.i L..i·:'F\: nn" HiI~I::::'/ " ;
4 y;' c· F :l/:;: I == 1 -- eN
"·1 oc; :::'~..:]: NTTf~lr:: ': :r.;:" 1(, ) i

~101 LPRINTTABCI*10);
4110 PRINT ECl);
q:11 _PRINT'E([);
'l1''?C' j,ICX-:I
4 i ::::0 E't\!D
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Appendix 4.8 Computer program to calculate Kendall's coeffieient of

concordance

5 nE~'1 KEl'm~)LL

:I.(l F:EI';!
20 Fn I ~·rr II II'IF'UT 1'10. OF .JUDGE~: II

~:~::? l_F'f;:.l ~."i' .! f':Ci. ~JF' ,jLiLi!::'E~=:'

30 INPUT K : PRINT : LPRINT
:.:::::; P;::: HIT
:::,:. L.. F FINT ~:::

.1-( pF.:H,rr "INPUT NO. OF Er··ITITIE::::"
50 INPUT N :DRINT :LPRINT
~52 ~.PF:H-iT uNO. OF ENTITlE'::;"
::;5 F='F~ I t,rr
~i~:. LFRUn N
(:. C :' :: t·· ~ I ~::.I' '~I: , B U:: J Nt, E ( rn .' F ( 1'1 ) J U( N ) J X <N ) J Y n,n .' Z ( r·f)
70 FOS: I:::1T(}<
7~5 L=O
::::( PR I NT II I NPUT HANK:::: FOR ,JUDGE: NO. 1\, I
::::2 L.Pt=<: 1.1\IT "F:A{\f~:::S FClf-;: .JUDGE }\.IO. ", I
9(; FD!=< ,J=:. TO\l
100 INPUT ACI,J) :PRINT
102 LPRINT ACI,J)
1. 0:3 L=L+A ( I., .J)
IlO N::::>: 'T _,
:.l~i IF L·::::- (N+-:l )·F..J/:2: THE!'.I 11,~. EL::::E 120
11 f.:, PF: I !··:r 1\ EFS:OP IN RPit--.lf::S FOF~ ,J;_iDI=i~ NCI. II J ]:

11 7 END
120 f'£XT I
1. ::':0 FCJR ...k= 1 TO N
11]·(; X l ,J ) :=0
1!5C' '-EXT ,..I
160 FOr~: ,J= 1TC) H
1 7 (:0 FOr: I::=!.T] ~:

1 :::; (", :.< ( ..) ~! .:.:" >: .: IJ ~, -i~ ("': ( I., "_ .
;_ ';:I(t. t\ ii~:< T I

211) F '=r: ,J::::l TO I',,;

'f' '_ .! =.:::: I~ ._1 :" _. E: I: _-':
'-::'_:', I
'-.... "

!\ :.~ " i ...1

F-' :'::,:" ._' == :. T') j)
':~ : :.', . • ::: 'j ',t•• !, ;.. '. "..: 'i

::' '1'. '
.::4::

'':::''.:. ("

'-:': . .'~' ._' i " .1
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380 IF C=1 THEN 1000 ELSE 390
390 !/J= 12*~=:/ ( (K*K) * (N*i\l*N-t,I)
400 PRINT "COEFFICIENT OF CONCOS:D~)NCE I~=; ",!-)
41 I) LF'R I ~n "COEFF I CI ENT OF C:ONCORD?)NCE I :::: It " (.)

421) (OTC:12::~C

1000 FOR 1=1TO K
1 ) l (, F ]f;~ .J=:. ,. I] N
1020 B(I,J)=ACI,J)
1 O~;O NEX T .J
1040 l\iEXT I
1050 ..../=<)
1060 FOR 1==1TO K
1070 FO~ (!=l-rO N STEf~ . 5
10T5 T==O
iOEO FOR J=lfO N
1090 IF BCI,J)<>Q THEN 1130
11 )(1 T:::;"+i
11.::':::0 h!E~(T .)
1135 V=V+(l'*T*T-T)
1140 NEXT C!
1 U::O I,t[ XT I
l :. ~,(l 1, ..i~=:I. 2{;c~=;/ ( (K*K ) i"<- '. N*i'H.cN-N ) -1<*1,.1)
1200 PR I N"r "COF.::FF I C I 1::::r.lT C)F COi-.!CORDA1\lCE "
1205 LF'F<:lt\jT "COEFFICIENT OF COi\lCC)I::W(4NCE"
12 i (, PH I i'·iT 1I COHFECTED For;: TIt::::::: 1'::: II ,lei
12 J ~::; '- PF.'] \1""- II ::0 F;R =:C,. ED FOS: TIE:::; I::::" .. l·)
1. J,2.Ct 'I. I'::'j\!-:i

12:::; C (~;:::;<"~h-H 1'~"'1 )
:ll:i~.,) [f' :\:~... ./ (;()'TI) 1 :;~'.l (l

1 2~:;'::' ~'F;~:; :-"iT •~:;EE :::: I EGEL ='2:~:,~~, I-:'I~!f;: '.:':] Gro.! I F I C'P:i<'E OF' kI"
l~'~~~::l LYhJr·rr ":::;!:::£:: :::;I~,I:;I=:t_ !:':L,:::'~ !_'!)L' '=;I(3!\!I~";:·.~·i:!'·:'>~ C~: i'"

::~;-l(i F'r~Tt'.!":-lC:t-ll ~:~;!_J(::F=: =:11.' i<::·~., :I~::·!·)i"::ii .. L~I.I rl[)~~;':'F:;::.t:~:: !J~: ~=-~.:.:=~-:~~!~');':"

1~;~~1~:; L.r:lj-<.~i·:·' :"~~1i ~=:CHj?~';~t~ ::::11.1 ~:'::? .. I ~:'!~:~~J1., !J, 11LI·:-·:_:.~.'i::::-~:.; :~;f' ;='_:-:=[.(~! .~l
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Appendix 4.9 Comnuter program to calculate maximum ei~envalue and

normalised eigenvectors

(,:.'"itl

40

"I')
72

0::,0
~ "1.:' ..:..

,~,4·

..c..:.._"_,

10 R~t'l j'1f');< ELCiEi"NrLJE BY ITER{-)TH,tE j"iETHOD
PRINT: PRINT: PRINT
pF.I\r "U,\FUf ~.O OF :::;TII"IULU~; ITEi"1::;"

:~: 1 I NF'UT hi
DI 1"1 (..i ( I!), :l 0 ) , X ( :I. 0 ) } Y ( 1I) )

50 pr:;: I !',rr II I i'--!F='tJT ~:::;CPiLED ,JUDCiEl'iENT::; II

5: F:R~l \f"
FOR K=N71TO 1 STEP -1
FOf;: 1"--= 1TOK
,J:::1 +N-I<:
F'FU!,n uC;:CWPA:;:E ITEN~; II} 1.. ",cH·jD"} ,J
H,ii':"UT () (,_i, I)
(01(1, ,J)=1l{:\(.J .. !)
I\I::::/T 1

20
::;:)

'74 I:': i~i;-' ,( :;:: ,!, "I O(!
/' 1:.:. i4 ( L I) ==:l
~/ :::: :\;;::-. >: ~. [
11) F(!I~ .J:: i ". eN
:1 ~<J F!,>~: l;:::,~ 1'(..1 j,1

1 :::: C' Ph: I I'j T PI ( I.. ,J) ,
1 ;::\ ;::" jo.j '::: xr I
li::'~: =-f::Ii'llT
i f':.(l j'le >< T ,J
1. .::,!:5 F'.~ :: 1\. T: P F 1 \.j'"

200 ~~.=:()

1::1. (j FOi:~ I:::: 1 TOI\i

230 S=S~~(I.J)*~I I. J:
~~~ l~ () r\; i:-~ ~~. T .J
~~~tC! t\iE::~('T I

280 2F=S*lE-06/N
2'~!() FI,=lf:~ ...1= 1 T();·'.i
::::00 X': ,..I ) ::"0
:~: i 0 l',i~=': ::( 'I' ,..I
:::::2;) )<.; N) =: 1
:;: .':: ') \{i'·i::-= '!. :)

::::40 FOFt: :!: -= 1. TIJhl

FiJi:;: ,...1:::: 1 TC!i'~

\( ,,: .~ ;, .::~: ,{ '. T }.t·· :"\" . I.. .[) ~- < ( ,...I )

i': :':: ~: T ,J
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4·;;:.0 NE>:T I
,(1·::::0 D;:-;{~E:~=; (Y (N) -Yj\f)
~·4~ IFD-SF<=OTHEN470
4:~;O·{i'.i:::-;·Y \ 1\1 !
:}(:o e, 30 l' (I :::: .q.r)

470 Fhlf\.I1' "t'1f:.'X EIGEr·l l.,.'AUJE : ", Y(N)
ll-?l F'~~:II\i'r: PElf,j j'

":\:::0 NO'=:!)
4'~i;) FOH .J= 1Ton
~5!)i) l~o:::I'··jO+X(.-')

51 (. !,r::;::<: r .J
520 F'S:r NT /I COF,hE::;POND HJG E I GEt·JI.,iEC:TOH NOf~~i·t:L I ::::.i.:::rt E I GEi'-~IJ::CTOF< II

:::;::'::0 FOr~ I::: i TON
~)40 PH I r<T x ( I )} II "} >: ( I ) /'1'--10

. !:i~50 NEXT I

.~3(:.(: END
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Appendix 5.1 The brief (Experiment One)

PROJECT: Proposed two-form entry County Primary School,

Nascot Wood Road, Watford, Hertfordsbire.

Basic activities to be accommodated in following spaces:

1

2

3
4

5
6

7

Assembly hall

Teaching area

Dining area

Kitchen

Administration

Space for library, either centralised or dispersed

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

~ternal plan pitches required

Future extensions not anticipated
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Appendix 6.1 The brief (Elcperiment Two)

DESIGN OF COAST GUARD STATION

You have been commissioned by the Customs and :Ejccise 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 ID(.

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 1800 view and the viewer's eye level

should be five metres above average ground level allowing for

location on sloping sit.es.

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 required near to

the station for the coastguards, cars.

Detailed requirements for the lookout room are as follows:

i .bench 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

i v telephone

v notice boards

vi V"rlF set

vii Aldis lamps

viii compass

ix perspex covers to maps

You should also allow on the site for a signal mast (flags), base for

firing mortars, standby generator, incinerator and septic tank•.

Assume that reasonable road access is available to all sites. other

points tor consideration al~e condensation, dimming of artificial

lighting atnight~ rain on glazing, sun shading, mullions obstructing

view, draught lobby, visibility from sea and demountability of unit.
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Appendix 6.2 Timetable (Experiment Two)

Monday

Tuesday

Wednesday

Thursday

Friday

10.30 Brief handed out.

Introductory talk about current approaches in
design research.

12.00 Students departed.

Tutors agreed four aspects of grp technology as
foci for the exercise.

Experimenter allocated students to teams and
groups.

14.00 Teams X and Y performed prioritization of
attributes.

Team Z absent.

14.30 Students told allocation into groups A, B, C, D.

Students began background investigation in groups.

10.00 Groups.A and B presented findings.

14.00 Groups C and D presented findings.

15.30 Team X given results of prioritization.

All day Students design schemes individually.

16.00 Students submit schemes.

10.30 All students (Teams X, Y and Z) perform prioriti
zation.

11.00 Schemes numbered randomly.

All students marlc all schemes.

Experimenter begins analysing results.

14.00 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 (Exneriment ~{o)

Overall range 1 to 20

1 to 4 Very poor

5 to 8 Below average

9 to 12 Average

13 to 16 Above average

17 to 20 Very good
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Appendix 7.1 The brief (Experiments Three, Four and Five)

BRIEF FOR A Ifllo-FORM ENTRY PRIMARY SCHOOL

PT store, associated with assembly hall: 10m2

Dining area: 100m2

Kitchen: 60m2 with servery to dining room

Administration: Head teacher's room: 14~
Deputy head's room: 11~

Staffroom: 2~

Stationery store: 10m2
Male cloakroom: 5m2
Female cloakroom: 5m

2

3
4

5
6

1

Schedule of Accommodation

Teaching areas: 8 classrooms @ 60m2, including
associated wc's.

Assembly hall: 160m2

7
8

9

10

11

Library: 20m
2

Caretaker: 10m
2

2Groundsman: 10m
2One or two courtyards, total 75m

Boiler room: 10m2

Total area of accommodation: 1000m2

Other information

1

2

3
4

5

All services available on site.

Pedestrian and vehicular circulation required on site.

Car park: 200m2

2Hard playground: 1200m , with direct access to assel!lbly
hall.

Future extension not anticipated.
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Appendix 7.2 Time-table (~eriment Three)

Day One

09.45

10.00

12.00

13.00

14.00

16.00

16.15

Day Two

Introduction

Discussion of attributes and prioritization

School plan design

Lunch

School plan design continues

Experimenter collects schemes and redraws

Prioritization of attributes

Evaluation of designs
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Appendix 7.3 List of attributes from brainstorming session (~eriment Three)

1 Away from busy roads

2 Road access to kitchens

3 Easy access to outside areas

4 Easy access to common areas

5 Views to countryside

6 Awareness of future developments

7 Heating system

8 Playground/vehicle separation

9 Single entrance/exit - for convenience

10 Close to housing

11 Small scale for small people

12 Drainage and site works required

13 Flexibly defined areas (small groups)

14 Wind direction J

15 Sunlight/South light

16 Open spaceclaasrooms

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

24 Water supply in classrooms

25 Landscaping

26 No limit to courtyards

27 Encourage parental involvement

28 Swimming pool and plant

29 PT store/playing field liru~

30 Glare protection

31 Covered ways

32 Noise (internal environment)

33 Building regulations and other codes

:;4 Disabled
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Appendix 8.1

Day One

09.45

10.00

12.00

13.00

14.00

16.00

16.15

Day Two

09.30

Time-table (Experiment Four)

Introduction

Discussion of attributes and prioritization

School,plan design

Lunch

School plan design continues

Experimenter collects schemes and reclraws

Prioritization of attributes

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

4 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

11 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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