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NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards® was established by an act of Congress March 3,
1901. The Bureau's overdll goal is to strengthen and advance the Nation’s science and
technology - and fidcilitate their effective application for public benefit. To this end, the
Bureau conducts research and provides: (1) a basis for the Nation’s physical measure-
ment system. (2) scientific and technological services for industry and government, (3)
a technical basis for equity in trade. and (4) technical services to promote public safety.
The Bureau consists of the Institute for Basic Standards. the Institute for Materials
Research. the Institute for Applied Technology, the Center for Computer Sciences and
Technology. and the Office for Information Programs.

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the
United States of a completc and consistent system of physical measurement; coordinates.
that system with measurement systems of other nations; and furnishes essential services
leading to accurate and uniform physical measurements throughout the Nation's scien-
tific community, industry. and commerce. The Institute consists of a Center for Radia-
tion Rescarch. an Office of Measurement Services and the following divisions:
Applied Mathematics—Electricity—Heat—Mechanics—Optical Physics—Linac
Radiation*—Nuclear Radiation®—Applied Radiation*—Quantum Electronics®*—
Electromagnetics*—Time and Frequency’—Laboratory Astrophysics>—Cryo-
genics™.

THE INSTITUTE: FOR MATERIALS RESEARCH conducts materials research lead-
ing to improved methods of measurement. standards, and data on the properties of
well-characterized materials needed by industry, commerce, educational institutions, and
Government; provides advisory and research services to other Government agencies;
and develops. produces, and distributes standard reference materials. The Institute con-
sists of the Office of Standard Reference Materials and the following divisions:
Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Reactor
Radiation—Physical Chemistry. .

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to pro-
mote the use of available technology and to facilitate technological innovation in indus-
try and Government; cooperates with public and private organizations leading to the
development of technological standards (including mandatory safety standards), codes
and methods of test; and provides technical advice and services to Government agencies
upon request. The Institute also monitors NBS engineering standards activities and
provides liaison between NBS and national and international engineering standards
bodics. The Institute consists of the following divisions and offices:
Engincering Standards Services—Weights  and Measures—Invention and
Innovation—Product Evaluation Technology—Building Research—Electronic
Technology—Technical Analysis—Measurement Engineering—Office  of Fire
Programs.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts re-
search and provides technical services designed to aid Government agencies in improv-
ing cost effectiveness in the conduct of their programs through the selection, acquisition,
and effective utilization of automatic data processing equipment; and serves as the prin-
cipal focus within the executive branch for the development of Federal standards - for
automatic data processing equipment, techniques, and computer languages. The Center
consists of the following offices and divisions:

information Processing Standards—Computer Information—Cemputer Services

—Systems Development—information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination
and accessibility of scientific information generated within NBS and other agencies of
the Federal Government; promotes the development of the National Standard Reference
Data System and a system of information analysis centers dealing with the broader
aspects of the National Measurement System; provides appropriate services to ensure
that the NBS staff has optimum accessibility to the scientific information of the world,
and directs the public information activities of the Bureau. The Office consists of the
following organizational units: .

Office of Standard Reference Data—Office of Technical Information and

Publications—Library—Office of International Relations.

: Hcadquancrv.3and Laboratories at Gaithersbufg, Maryland, unless otherwise noted; mailing address Washing-
ton. D.C. 20234,

2 part of the Center for Radiation Research.

3 {,ocated at Boulder, Colorado 80302.
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Foreword

For well over fifty years the National Bureau of Standards has directed a substantial
effort toward developlng requirements and methods of test for buildings, components, and
materials. The members of its staff have also participated in the work of both domestic
and international technical committees dealing with these fields of activity, including
committees of the three organizations sponsoring this symposium.

In recent years many of our research programs have emphasized the:development of data
and procedures needed for realization of the potential benefits promised by the formalized
performance concept. Therefore, we welcome the opportunity to participate with colleagues
throughout the world in the exchange of ideas and experiepce made possible by this Symposium.
As a contribution to the Symposium, as evidence of our belief in the importance of its
subject, and to make the information available to the building community, we are pleased
to publish these Proceedings. ‘

LEWIS M. BRANSCOMB
Director
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Preface

The concept of a joint RILEM (International Union of Testing and Research Laboratories
for Materials and Structures) and ASTM (American Society for Testing and Materials)
symposium to be held In the United States was the subject of conversations extending over
several years between repreSentatives of these two organizations. As a result of several
discussions, agreement was reached on holding a symposium on the Performance Concept in
Buildings, a subject of great current interest throughout much of the world, and one of
concern to both organizations. Since the Performance Concept is a subject of interest also
to.the International Council for Building Research Studies and Documentation (CIB), the CIB
joined the other two organizations in sponsoring the symposium.

A steering committee was established consisting of Dr. R. C. Mielenz, Chairman, Master
Builders Company of Cleveland, and the ASTM representative to RILEM; Professor Richard W.
Bletzacker, Ohio State University, and Chairman of ASTM Committee E-6 on Performance of
Building Constructions; Dr. J. R. Wright, National Bureau of Standards and the RILEM
Delegate to the United States; and Mr. T. A. Marshall, Jr., Executive Secretary, ASTM. Upon
his untimely death, Ms. Marshall was succeeded on the steering committee by Mr. W. T.
Cavanaugh, ASTM Managing Director. The latter was often represented at planning meetings
by Messrs. J. W. Caum and L. C. Gilbert. On occasion, the RILEM Secretacsiat was represented
by Mr. M. Fickelson, Deputy Secretary of RILEM or by Dr. Wright, President of RILEM; while
the CIB was represented by Mr. S. M. Charlesworth of the United States National Committee
for CIB.

A Symposium Committee was formed which consisted of two members selected by each
sponsoring organization. Membership consisted of Professor R. A. Jones, University of
illinois, Chairman, and Dr. Bruce E. Foster, National Bureau of Standards, Secretary,
representing ASTM; Profe¢Ssor E. Amstutz, Zurich, and Mr. Tenho Sneck, the State Institute
for Technical Research, Finland, representing RILEM; and Mr. $ivind Birkeland, Norwegian
Building Research Institute, and Dr. Gérard Blachére, Centre Scientifique et Technique du
Batiment, France, representing CIB.

Following solicitations of papers for the Symposium, a preliminary selection vased on
submitted abstracts was made by the Symposium Committee. Manuscripts tendered following
this selection were submitted to a concentrated review during a two-day review session at
the National Bureau of Standards. Some 60 staff members of the Building Research Division,
assisted by four knowledgeable individuals representing the United States National Committee
for CLB, participated in the review. The Symposium Committee took part in the review. It
atso held meetings devoted to final acceptance of papers, classification of papers by subject
matter, and selection of rapporteurs.

The National Science Foundation, acting through the U. S. National Committee for CIB,
made a substantial grant in support of the Symposium. As a contribution to the Symposium,
and to make its findings available to the building community, the National Bureau of
Standards agreed to publish the Proceedings.

Authors were requested to consider the reviewer's comments and submit final manuscripts
in "camera-ready" form, Most of the abstracts, translated into French by a commercial
concern, were reviewed for technical accuracy by Mr. M. Fickelson, Editor in Chief of the
RILEM Bulletin. Time constraints prevented Mr. Fickelson from reviewing all the abstracts.
Also, an attempt was made to correct obvious errors in the camera-ready copy. The contents
of the papers are the sole responsibility of the individual authors. A table of factors for
converting English upits, and sometimes metric ‘.nits, to $.I. units is included as an
appendix.

The Proceedings is belng issued in two volumes. Yolume 1 consists of the invited
papers, and will be available to Symposium authors a: articipants prior to the Symposium
Meetings in Philadelphia, Pennsylvania, on May 2 --5, 1972. Volume 2, which will be issued
after the Symposium, will contain the opening statements by representatives of the
sponsoring organizations, the keynote zddresses, the opening paper on the history and

scope of- the performance concept, the reports of the rapporteurs, and hopefully, some
record of the discussion during the Symposium sessions.

BRUCE FOSTER, Secretary
Sumposium Committee
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Abstract

Volume 1 contains all of the invited papers accepted for the Joint RILEM~ASTM-CIB
Symposium on the Performance Concept in Buildings. Opening addresses and reports of the
rapporteurs will be included in Volume 2. The Symposium was held in Philadelphia,
Pennsylvania on May 2 - 5, 1972. The subject matter covered in the papers includes
physiological, anthropometrical, psychological, sociological, and economic human require-
ments and methods of evaluation; physical requirements and methods of evaluation in
mechanical, acoustical, thermal, dimensional stability, compatibility, fire properties,
and geometry areas; operation and maintenance requirements and methods of evaluation in
such areas as maintenance, repair, replacement, and versatility; techniques and problems
in -applying the performance concept to design; and experience gained in application of
the performance concept in design, building, and building use.

Key words: Buildings; components; design procedures; experience in use; materials;
performance evaluation; performance requirements; user requirements,
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Design Specification -
Operational Goals, Parameters, Synthesis, and Performance Criteria

John F. Halldane
Environmental Systems Consultant
7221 Righters Mill Road

Derwood, Maryland 20855

Evaluation, specification and monitoring in design has traditionally been
based on the physical aspects of building environments. With a growing concern
for human behavior there is a realization that the evaluation of environmental
systems finaily rests on whether the activities of people are satisfactorily
supported by that system. Present methods of specification restrict the physical
requirements in the interests of behavior but fail to note the design goals that
are intended to be addressed. Further, the categorization of parameters, both
physical and non=-physical, tend to be isolated into problem areas rather than
groups that can be correlated . Performance is also narrowly interpret ed in
terms of physical entities alone.

A system is presented that co-ordinates environmental systems through a
goal -parameter -s ynthes is -criterion specification which forms a base for design
evaluation. The discussion includes the need for operational goals, a definition
of non-physical parameters through an overt commurication, a limiting stimulus
system which links the organismic and environmental parameters, and criteria
appropriate to the performance of operational goals. To illustrate the system
cettain lighting probiems are studied from human behavior to light distribution.
Rather than encouraging an attitude of regulatory compliance the system fosters
alternative possibilities in design.

L'évaluation, la spécification et le contrdle d'un projet sont
traditionnellement fondds sur les aspects physiques de 1'environne-
ment de la construction. Avec 1'intér&t croissant qu'on attache
au comportement humain, on en vient & admettre que 1'évaluation des
systémes d'environnement repose sur le fait que les activités des
gens sont entretenues ou non Par ce systdme. Les méthodes actuelles
de spécification limitent les exigences physiques au profit du com-
porterent mais ignorent les objectifs fixés par le projet. En outre,
la catégorisation des paramétres, tant physiques que non physiques,
tend 3 les compartimenter au lieu de les répartir en groupes qui
peuvent 8tre mis en corrélation. La performance est du reste
8troitement interprétée en termes d'entités physiques seulement.

Un systéme est présenté qui coordonne les systémes d'environne-
ment par une spécification: but-paramétre-synthése-critére; qui con-
stitue la base de 1'évaluation. La discussion porte sur la nécessité
de buts opérationnels, une définition de paramétres non physique par
le moyen d'une relation manifeste, un systéme de stimulus limitatifs
qui associe les paramétres appartenant 4 1l'organisme vivant et au
milieu, et les critd@res appropriés aux objectifs 3 atteindre. Pour
illustrer le systéme, certains problémes d'éclairage sont &tudiés,
depuls comportement humain jusqu'd la distribution de 1la 1 iére.
Plutét que d'encourager une attitude de conformit@ 3 la regle, le

systéme multiplie les possibilit&s en regard du projet.

Key words: design evaluation; design specification; design. synthesis; .
envirormental systems; goal statements; parameter definition; performance criteria.
1
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1. Problem areas

= Design specificati .1 is vital to the rational evolution of our environment. It is a predictive

statement of future activities and environmental features. From this predictive statement a projected
gvaluation can be made to ascertain the success or raiiure of such a venture. More broadly this becomes
technology assessment. The specification should be capable of considering design problems for any detail,
time of an event, and for any personality involved including promoters, designers, contractors, managers,
monitoring agencies, and environmental occupants . .

Materials oriented professionals will possibly charge thatthis form of specification is far too
extensive for their concern. The salient point is that their problems are inherited from the broad context
of a design and when their contribution is evaluated it is in terms of that design context. Disciplines of
materials technologists must be consistent with those disciplines that embrace it. Our situation is that
professions are "doing their owri TRING™ rather than fostering an interdisciplinary liaison to achieve the
objectives of design - to create environments that complement living activities.

We are dealing here with goals beyond those of a particular professional's charge and knowledge, -

~ yet often he becomes morally bound or legally responsible for them - a fate of being a specialist at the
end of a delegatory line. ! would challenge that where there is a delegation of responsibility (but a fact
of our society) a specification should state the design goals in an operational way. In this manner ail
groups can address the common problem. The rising concern for mandatory environmental impact
statements and the precautionary detail in contracts could be taken as a matter of course rather than as an
additional burden.

The "performance concept”, &s presented by the international building research organizations
(Atkinson [9 71}, stresses the physical aspects of design evaluation. Here the measures of a test
procedure or analogous strusture are compared with values set by performance criteria and appraised
accordingly. Design goa:: apertaining to activities and environmental features are invariablg unstated
but are assumed to operate through the pre-determined criteria. Those criteria in fact have become
sophisticated forms of presently accepted build ing practice. In consumer language the closest goal
statements to be found are related to "user needs™ and "user wants". Often these goals are so general
and problem embracing that they are not operational because of inherent-incohsistencies or contradictions.
There are also the situations where the questions are not of "need” or "want" in that the problem may not
affect the "user®, such as the components of distribution systems (mechanical , power, material}.

Again, "consumer satisfaction" tends to overlook physiological problems (lead paint poisoning,deafness)
where people are unaware of affects by which they might assess their satisfaction. With blase consumer
attitudes many problems would not be posed on a satisfaction basis. What is required is a specification
that will encourage innovation and alternatives for the promoter and designer - not to tell them what or
how to build but rather to consistently suggest ranges of human and environmental criteria to design for.

The convenience of various measures in test procedures may provide control for manufacture and
assemblage but in most instances they will not cotrelate with human responses. Therefore those test
measures will be untenable with a design evaluation based on human response criteria, and consequently
they may seem unreasonable to designers and itrelevant to the occupants. ‘Wnhat we need are stimulus
measureiI(HaIIdane Oct 1970,Dec 1970) that relate both to human responses and to distribution

systems™! . For instance measurement parameters (factors) in lighting group into perceptual, stimulus,
and distribution categories as follows.
Parameter: Units:
perceptual ... visual magnitude assessment... luminosity (brightness). not appl.
stimulus ... luminous planar intensity... luminance (photometric brightness).nit
distribution... luminous power density. .. illuminance (illumination) . lux

Illuminance does not correlate with the luminosity because the distribution can involve many changes
through variations in surface reflection and transmission. Observe low luminosity in sunlight reflected
from dark paper or illuminated windows at night. '

* Since this paper presents an interdisciplinary approach some of the terminology will be
unfamiliar to the majority of readers . Communication of new concepts and problems
beyond those which we have traditionally considered have made this necessary.
However, terms used internationally, by professional organizations, and by other
disciplines have been adopted. Less definitive synonyms are added in parentheses.

2
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The discipiines that can correlate stimulus and response parameters in perception are distinctly

different from those of engineering and physics since the response is a non-physical concept.
Psychophysics deals with these problems. A summary of the different parametric categories will be

found in the end tabulation but a fuller discussion is left to previous papers (Halldane Oct 1970,Dec 1970,
Feb I1971). Differentiation between perceptual and cognitive responses is fuzzy. It is helpful to think

of a cognitive selection of perceptual cues and those cues promoting cognitive responses, just as neural
responses induce perception and cognition affects overt and physiological responses.

~ Non-physical parameters of human perception and cognition (covert or "hidden" behavior) can not
be measured. Instead we measure either the physical stimulus of the environment, the physiological
responses, ot the overt behavior (motor activity) of a person that correlate with a specific non-physical
arameter. Once a model is established it may be simulated by a measuring instrument. Thus a
uminance - luminosity model is simulated by a telephotometer with a lens, filter and sensor which is
analogous to the eye system but not to the neural since a photometer does not account for the. context
and adaptive effects.

2. A specification as a predictive statement for evaluation

Design evaluation is a checking procedure to ascertain whether a design is satisfactory in terms of
a particular agreed upon rationale. Design specification is a predictive procedure to anticipate the
particular rationale for evaluation. This rationale needs to be timeiess and incorporate features that
plead for the solution of immediate problems but without being anchored to present day technology.
In other words alternative solutions are permitted to stem from the behavioral variations in human goals
rather than the reasoning that relates the parameters (synthesis) or that arbitrarily decides their
attributes and magnitudes (criteria).

In the development of a specification for design evaluation | believe we can ask four basic
categories of questions:

a) What is the design for? Operational goals.
b) What are the factors to consider in design?  Parameters.
c) How are the factors related? Synthesis .

d) What attributes and magnitudes are needed  Performance criteria.
for the factors to meet the goals ?

The tgbles at the end of the paper illustrate the categories, and the evaluation flow diagram the
procedure.

A specification can be used for evaluating design. in two independent ways. One way is in a
stationary evaluation where the elements of goals, parameters, synthesis and criteria are defined for a
specific instance in time over a narrow time domain. Here history is irrelevant. Examples include
supervisory tasks, monitoring, periodic reviews, stocktaking, critiques, impulsive purchases, and
occupant appraisals. The other way is in a sequential evaluation where the concern is for the evolution
in the eléments of goals, parameters, synthesis and criteria over time. Ilfustrations are found in
historical reviews, construction programs, inquiry commissions, office schedules, and routine
maintenance. A full design specification would permit the sequential evaluation of future events to be
more reliable than has been the tradition. ;

The statement of a design specificatiz: - ..sires careful consideration. Present legal systems in
this country insist that a written statement .53 precedence over other forms. Other legal systems can
include the drawings and schedule of quantities.With a concept of performance each parameter of design, .
both human and environmental, requires qualification. This is achieved through selecting parametric
performance criteria to meet the relevant operational design goals. It means that any specification
statement should contain all the evaluative elements in any acceptably communicable form such as
through a computer program, venn (bubble) diagram, model, analog, microfilm, holograph, graph, table,
tape, drawing, written document, code, performance test, or prototype. The extent of a specification
depends on the degree of delegation of responsibility from the promoter through designer to contractor,
laborer and occupant. A Tegal framework safeguards the contracting parties in relation to both the
delegation of responsibility and the evaluative elements of goals, parameters, synthesis and criteria.
Questions of law are customarily based on precedence because of a reliance on inductive reasoning.
Now if all the parties agree to a deductive rationale by means of a comprehensive specification it is
possible for a legal system to be predictive and anticipatory.

3
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Government management at Federal, State and local levels has a monitoring responsibility to ensure
that building is economically dependable, maintainable and capable of supporting the intended human
activities. However the goals for this delegation of responsibility are not too clear since government
management does not design and construct buildings (except General Services Administration, Army, and
Navy). At present it controls physical aspects of design through building codes, requirements for
funding, or by reviews of environmental impact statements.  With recent legislation concerning
desegregation and discrimination,cultural and ethnic differences can not be recognized. If government
management typifies or generalizes an American culture and extends its building responsibility to include
the support of human activities we are likely to find that the heritage of Indian, Chinese, Spanish and
Hawaiian expressions will be lost. Instead. where the goals, parameters, synthesis and criteria are
clearly specified the cultural differences can augment the alternative design solutinns and can show how
a proposal fosters desegregation and non-discrimination. As a monitoring organization, government
authorities should state the bounds of building in terms of human and environmental factors and allow the
inherent differences of people, power and materials to be freely expressed by the promoter, designer and
occupant withir those accepted bounds . In this way monitoring specifications for the critical parameters
will move from distribution systems to those of stimulus systems and human responses .

3. Avplication of design specifications

The strength of a comprehensive specification as briefly described above is in assisting us to
consistently utilize our evolving technology. Where disciplines are clearly defined, both in relation to
the correlation of parameters and the flow of evaluative decisions, it is possible to delegate responsibility
to the various design personalities. We find that the conceptualization for the specification applies to
any form of design whether of buildings, mines, space stations, ships, urban systems, or service
programs. In sequential evaluations design can be either predicted or reviewed.

Predictive evaluation is the customary form for the designer. Here the specification illustrates a
proposed environment through drawings, schedules and models. A promoter or client is less articulate in
extrapoiating those statements into his perceptions of the living spaces and relies on the judgement of his
agent (architect, planner, engineer) as to whether it will meet his conception. Clearer statements of
goals, the use of existing comparative environments, and the experiencing of mockup prototypes would
help to alleviate these:problems. Where there is a concern for possible adverse environmental situations
a monitoring specification must be included. Measurement or test procedures alone are an insufficient
specification and goal statements are needed to make the parametric criteria tangible. For instance in
developing a lighting standard for coal mines (Halldane Oct 1970) a plausible minimal condition was to
set the human goal to avoid scotopic nystagmus, a miner’s ocular disease. The problem correlates with
a measure of luminance and the parametric criteria become one of a field luminance exceeding 0.05fL
to ensure photopic vision. llluminances on the coal would need to exceed about 5fc since a dark brown
coal absorbs considerable light. It is significant that the human response is sufficiently definitive to
correlate with a stimulus measure. A further application for a design specification is in structuring a
theme for a conference or research program. The value is that each contributant can address specific
problems within a conceptual framework and the missing elements can be recognized at an early stage.

Review evaluation is when the formation of an environment is considered at the time of an existing
system-- Here we can analyse the validity of a specification both in stationary and sequential terms. We
can ascertain the degree o!anticipafea performance at an instance in time, and the changes in the
evaluative elements of goals, parameters, synthesis and criteria over time. Consistencies will reflect
the appropriateness of the original specification models. For example in the evaluation of mental health
facilities it is necessary to review how the various personalities and supporting facilities promote the
changes in an affected person's (client, patient) behavior towards his compatibility in the community.
Also the promotion, design, construction and occupancy requires a sequential evaluation to see if
modifications to the original processes can lead to more effective comprehensive specifications for mental
health services and facilities. Controlled experimental studies such as changing the lighting, acoustics
or travel paths can augment the value of a review and suggest alternative design possibilities.
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4. Conclusion

The performance concept is only viable if the current philosophies are extended to include
organismic factors of human, animal and plant life. Further, the success of establishing pertinent
‘performance criteria will rest in deciding appropriate design goals and in defining the parameters
consistently. A rztional development of environments to suppcrt and complement the intended
organismiz activities is dependent on the accuracy and relevance of the correlation models which relate
the parameters. : .

A rigorous discipline is needed to order the fragmentation of contemporary performance thinking.
To this end an interdisciplinary design specification is suggested for evaluating design in terms of
operational goals, parameters, synthesis and performance criteria.
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OF DESIGN

A: OPERATIONAL GOALS "What is the design for?"
Operational goals in design are qualifications of a
promoter's intentions that are based on the provision
for and differentiation between activities. —
Qualifying questions for an operational goal:
What ?
Where ?
When?
How?
E Why?
ACTIVITY GOALS:
ENVIRONMENTAL -~ ORGANISMIC- )
PROVIDING-
Power- Material- Physiological - Behavioral-
Natural - Metabolic Feeding
Solar Organic Muscular Procreative
Fossil fuel Geologic Respiratory Excremental
Geothermal Topographic Transpiratory Migrative
Gas Oceanographic Endocrinic Egress
Atmospheric Sleeping
Derived - Leisure
Electrical Plastic Productive
Nuclear Metallic Communicative
Mechanical~ Wood
Structural Cement
Light Glass
Sound
Thermal

DIFFERENTIAL-

Physical -

Structural
Quantal
Periodic
Dynamic
Kinematic

Genotypic-
Individual
Group
Community
Sex

Age
Peviant
Periodic
Cultural

10

Taxonomic~

Human

Domestic animal
Horticultural
Animal

Plant



B: PARAMETERS OF DESIGN : "What are the factors to consider
_ in design ?"

ORGANISMIC RESPONSE

DESIGN ACTIVITY PARAMETER: STIMULUS ZNVIRONMENTAL
DISTRIBUTION SYSTEM .

ORGANISMIC RESPONSE-

r

PHYSIOLOGICAL- BEHAVIORAL -~
OVERT- COVERT- [NON-PHYSICALI
. ~ - ﬂ* -
INDIVIDUAL-
Characteristic- Measurement- .Characteristic- Measurement- Characteristic- Assessment-
Metabolic Temperature Walking Movement -
Muscular [rectal ,mouth] Talking [direction, PERCEPTUAL
Neural Blood Orienting displacement, Visual Luminosity
Respiratory (type,count, Sitting velocity, Auditory Hue
Transpiratory  pathogens] Standing acceleration] Skin Saturation
Circulatory EEG Eating Fixation Proprioceptive Contour clarity,
Homeostasic ~ ECG Producing Productivity Olfactory separation
.Endocrinic EMG Training [operations/timel. Gustatory Flicker
Pathogen Consistenc Organic Depth
count [deviation from Motion
Pressure individual mean] Form
(blood] EOG Loudness
: Pulse rate Pitch
. Warmness
Coolness
Roughness
COGNITIVE- '
Resolvent Descriptive
Impressional  Acceptability
Associative Likeness
Phobic Need
Learning Empathic
Evaluative
SOCIAL-
Characteristic- Measurement-  Characteristic~ Measurement-
Couple Probability Couple Probability
Family Disease Family Population
Group incidence Group Population density
Community Treatment Urban bluck [organisms /areal
[public health] incidence Community Communication
Regional Birth rate [public frequency
Racial Death rate education, Movement pattern
welfarel Participation
Regional frequency
Cultural

Parameters continued. ...
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B: Parameters continued, ...

ORGANISMIC RESPONSE

DISTRIBUTION SYSTEM
ENVIRONMENTAL SYSTEM-
STIMULUS-
oSN - — .y
RESPONDABLE- FIELD-
PRGESEES N —e — ”’ ~ N

Characteristic- Measurement-
— s

POWER-
Light Luminous planar intensity
[luminancel

Chromatic planar intensity
[tristimulus flux]

Auditory power density and
sound pressure density
[weighted sound pressure level
effective perceived noise leveld
Frequency

Thermal power [energy/timel
Thermal power density
Temperature

Erythermal energy density
[energy/areal

lonizing energy capacity
[ions/mass, radiation dosel
Proprioceptive power and energy
Holding power and energy
Static and sliding

frictional power and energy

Sound

Thermal

Erythermal
lonizing
Movement

Holding
Skin movement

MATERIAL~
Surface Curvature

Displacement
Air Dry and wet bulb temperature
Vapor Vapor pressure
Solute Material concentration
Water [mass portion/volumel
Sweat Material volume
Food [volume portion/volumel
Aerosol Material capacity

[mass portion/mass]
Material flow rate
[mass /timel
Stereochemical

21

Characteristic= Measurement-

PATTERN-

Co-ordinate Polar [6,0]

Contour Contour contrast gradient
contrast Contour spacing

Luminous area
Luminous density
[area/areal

Areal, planar

Spectral Chromatic power
Instantaneous 'sound power
spectrum [real time analysis]

SEQUENTIAL-

Pulse Stimulus power and energy

per perceptual sampling
period

Intermittent
Progressive

Relative Stimulus energy modulation
movement Stimulus time modulation
[ocular, head, ratio :

behaviorall ‘Sound power progression
ORIENTING-

Co-ordinate Sﬁatial polar [6,0 ©',@' ...]
Phototropic .. Phototropic directive
Audiotropic Audiotropic directive

Thermotropic digective
Directive [asymmetrical
field function

Thermotropic
Air movement

SPATIAL-

Gradient
Interposition
Relative movement
Relative size
Reverberation time

Distal shape
Sound decay
Air movement

Parameters continued....



B: Parameters continued....

ORGANISMIC RESPONSE

DESIGN ACTIVITY PARAMETER: STIMULUS ENVIRONMENTAL
DISTRIBUTION SYSTEM

ENVIRONMENTAL SYSTEM-

DISTRIBUTION CO-ORDINATING-

Y .
"~

Le

CONVERTING- TRANSFERRING-
Boundary Boundary Boundary Boundary
characteristic- measurement- characteristic- measurement-
POWER-
Surface- Cartesian co-ordinate [X,Y,Z]. Surface- Cartesian co-ordinate [X,Y,Z]
Emitting Power converting efficiency Reflecting Power transferring efficiency
Absorbing [power converted/original power]  Diffusing [power transferred/incident power]
Power . : Diffracting Power .
Laminar- Energy Conducting Energy ,
Absorbing Power and energy density ~Laminar- Power and energy density
Power and energy intensity - Transmitting Power and energy intensity
Spatial- Power and_energy planar intensity Conducting Power and energy planar intensity
lonizing Potential [temperature,voltage, Refracting Potential difference [difference
position] Polarizing in temperature, voltage, charge,
Formal- Flow rate [ current, thermalil Diffusing position] '
Power plant Force Viscous Flow rate [current, thermall
Generator Pressure and stress Lforce/areal  Spatial- Force
Converter Cost , Diffusing Moment [force .length]
Lamp Unit cost [cost/measurement unit] Formal- Pressure and stress [force/areal
Heater,cooler Cost
Structural Unit cost [cost/measurement unit]:
Floor, wall, :
i ceiling ,roof
+power stimuli +power stimulus measures +power stimuli -+power stimulus measures
MATERIAL - o
Surface- Dimension [X,Y,Z] Surface- Dimension [X,Y,Z]
Corrosive * Material converting coefficient Capillary Material_transferring coefficient
Combustive [mass converted/original mass] Adhering [mass transferred/incident mass
Condensing Velocity Laminar- Velocity . o
Laminar- Humidity ratio , Porous Density [mass/volume]
Cement setting [mass water/mass dry air] Penétrating Strain %Iength change/length]
Photochromic  Mass Adsorbing Mass
Spatial - Volume Spatial - Flow rate [mass/timel
Combustive Cost volume [cost/volume] Ventilating Volume
Fogging Cost capacity [cost/mass] Convecting Cost
Formal- Cost density [cost/areal Diffusing Relative cost
Fire Cost rate [cost/timel Formal- [unit cost/total cost]
Waste Vehicular Cost distance [cost/distancel
conversion Construction,
maintenance,
demolition
+mat.. stimuli +material stimulus measures +mat. stimuli  +material stimulus measures
9
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C: SYNTHESIS OF DESIGN PARAMETERS

"How are the factors related 7"

Synthesis is an inductive or deductive method of
reflective reasoning. The concern is to establish

a correlation -between the parameters which in turn
consolidates a corresponding discipline. Validation
of the correlation model in design is dependeiit on an
application to reievant operational activity goals.

PARAMETRIC CORRELATION METHOD:

”

AUTHORATIVE
ARGUMENT -

Mandatory code
or standard

Relative power converting and
transferring efficiency

Relative material converting and
transferring coefficient

Graphical model -
Rectangular X,Y,Z

Managerial Polar 6,0

decision Diagramatic

Renowned [venn, power, material , force,moment,
personality psychrometric, distribution]
Adversarial Nomographic .

process

Simulative model-

Scaled [distribution of light, sound,
people, building elements]

Analog [physical, digitall
Mathematical [statlstlcal, tensor,
functional transform)

Material [molecular, ionicl
Testing. [material, system]

10
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INDUCTIVE- DEDUCTIVE-
PHYSICAL- PSYCHOPHYSICAL-
Disciplines: Disciplines:

Physical _ Physical Stimulus Response
parameter parameter physical - assessment
envirophysics, parameter parameter
s ph siophgs:cs envirophysiology, - psychophysics, enviropsychology

behaviop yS|cs envnrobehavnor,

PRECEDENT DIRECT-

ARGUMENT -
Measurement- . Communication-

Advisory Power converting and transferring Identifying

Apparent efficiency Ordering

reasonableness Material converting and transferring Pairing

Replicative coefficient Equating

' ) Mass, length,time ratio Scaling

ANALOGOUS Appraising

ARGUMENT-
COMPARATIVE-

Duplicative

Simulative Reference measurement- Reference stimulus-

Comparing
Adjusting
Limiting

Simulative model-
Psychophysical

Psychoneural

Analog [photopic telephotometer,
weighted sound pressure meter]



MPARATIVE-

1tical identical identical Identical
-ordinating Proportional Intermodal Relative
ictional Probability Dominant mode Majority vote
fety, user] . Political

lating Ethical

ilicating Stylate

QUENTIAL -

ming Growth Learning Adaptive
ntaining Obsolescence Recalling :
Inging Decay. Comprehending

xible,

logicall

olishing

[\
.

11

:ions.

[f we have one environment (i.e. the given), and want to create another, we will need
:roduce some hardware. This may then both act as a source -for required stimuli, as
1s take care of the differences between the required conditions and the given

:ions.

Chis building hardware must therefore have.,a "function' to take care of these dif- ’ -
ses, It should provide the required frame, climate and space, Further we must have
21s for supply and waste to handle the required services. See Figure 1.
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National Bureau of Standards Special Publication 361, Volume 1l: Performance
Concept in Buildings; Proceedings of the Joint RILEM-ASTM-CIB Symposium, held
May 2-5, 1972, Philadelphia, Pennsylvania (Issued March 1972). :

Human Requirements
for Buildings

Tarje Cronberg
Lund Institute of Technology
Lurid, Sweden

Rge Hallquist
Ragne Hansen
Jacob Nordan
Anne S&terdal
Norwegian Building Research Institute
o Oslo, Norway

We build in order to establish certain required environmental
conditions.

This set of conditions should be according to the users' require-
ments. This paper will discuss the users' activities and the users'
characteristics as a basis for defining the users' requirements.
Further we discuss a possible procedure for identifying the require-
ments and indicate the use through examples. .The paper holds that
it is necessary to take the variations in user's characteristics
into consideration when defining the requirements. Further the
paper tries to expand the use of users' activities to include all
kinds of activities that may have consequences for the physical
solution. The intentions of what is put forward here is to
jnitiate a further discussion of the continuation of this kind
of work. It is not-meant to give a solution to these problems.

Nous bAtissons pour &tablir certaines conditions requises
d'environnement.

Cette série de conditions devrait &tre en accord avec les ... .
exigences des usagers. Pour définir les exigences des usagers,
cette communication prend comme base les activit&s et les
caractéristiques des usagers. En outre, nous .SoumettonS une
méthode possible d'identification des exigences et nous expliquons
son emploi par des exemples. La communication affirme qu'il est
nécessaire de considérer les variations des caractéristiques des
usagers pour définir des exigences. En outre elle essaie d'&tendre
la prise en compte des activits des usagers, de fagon & y inclure
toutes sortes d'activités susceptibles d'influencer la solution
physique. L'intention des auteurs est de provoquer une discussion
quant 3 la poursuite de ce type de recherches. Il n'est pas
question de livrer une solution & ces problémes.

Key words: Human activities; performance criteria; physical
environment; planning and design basis; user characteristics.

13

26

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

1. Introduction

We build in order to establish certain required environmental conditions.

This set of conditions should be according to the users' requirements. In this paper
we will concentrate on the humans as users, though the principles will be the same for
other "users", - things, machines, animals ete.

There are principally two different approaches to the problem of defining the users'
requirements.

One is to start with the activities, end users' characteristics, trying not to be
limited by traditional concepts of buildings.

The other approach is to derive the functional requirements from existing buildings.

The first approach seems to be the most difficult, but is considered as giving more
room for innovation. The question is whether we can make it operative with the present
level of knowledge on human requirements. Derivations from existing solutions are con-
sidered to leave less room for innovation, but are likely to be a more operative method
today.

The choice of approach should be made in relation to the problem to be solved. When
wanting to develop entirely new products, one should start with the human requirements.
To imprcve known products the second approach may be the most convenient. The purpose of
this prper is to contribute to the discussion of the first approach, starting with the
users' activities and the users' characteristics.

The following is based on a simple model Figure 1, showing the relations between

the most important concepts we use in this paper and their relations to the analysis of
the requirements in building.

This paper will discuss:

- users' activities

- users' characteristics

-~ procadures for identifying requirements
~ examples to indicate the use

- continued work

The intention of what 1s put forward here is to initiate a further discussion on the

‘continuation of this kind of work. It is not meant to give a solution to these problems.

2. Users' Activities
2.1 Identifying Users' Activities
Identifying users' requirements for buildings means to investigate the functional
relationship between the users and the buildings. We have chosen the users' activities as

the starting point for this, for the following reasons:

-~ users' activities may express the function of a building
we build to make certain activities possible.

-~ users' activities express the users' reaction/adaptation to the building.

Activities have functional consequences both for the users and the buildings and
therefore may form a link between the two in a functional analysis.

14
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The activity concept has in different contexts been given varied definitions.

Some definitions emphasize the purpose of the activity, some the performer of the
activity, some the activity as a process.

For the purpose of this discussion the definition given in Webster's new collegiate
Jctionary is sufficient; activity: "State of action or quality of being active".

One cannot study all possible activities, one must concentrate on activities

- important to the user
- affected by the design of the building
- which affect the desigr of the building

We may think of the following ways to guide the choice of relevant activities:

a) Choice in cooperation with the actusl user groups. This would be a democratic approach,
but the result may only be relevant for the buildings experienced by the users. Through
cooperation one might be able to cut through these limitations to some extent.

b) Choice based on theoretical studies (for instance through physiology, psychology,
sociology).
This means that knodledge from differentdisciplines has to be coordinated, which is
often a problem. Data in the field of human sciences are very often limited to an
experimental context which mekes generalization difficult.
However, it is here the possibilfties of including "neglected" or "forgotten" acti-
vities and to "discover" new activities are.

c) Choice guid=d by results of surveys, enQuiries etc. from othér user groups.
Results from these are often limited to special conditions and by users'experience.
I+ demands great insight 1nto the users' situation from the interpreter of the
results.

d) Choice based on directly observed behaviour.
This is in addition limited to activities directly available through observation.

e) Choice guided by the analysis of existing buildings.

The three last types of data are of most use for this purpose when gathered for
identifying existing problems. By surveying these, one's ability to choose relevant
activities will increase.

There is a tendency to choose activities available for observation with a clearly
defined purpose. This leads to marginal improvement for performing these activities,
while requirements based on other activities are not considered at all.

A description of for whom and under which conditions the activity mar be observable. is
of interest from the metnodologicel point of view, to stimulate the studies of the more
difficult observable activities.

To improve the basis for an activity analysis and to reduce a biased selection of
activities one has to combine these different approaches, as the value of activity studies
for the quality of design will greatly depend on the choice of activities.

The problem of to what extent one should go into detailed act1v1ty studies is closely
connected to the problem of choosing the activities.

The study has to be detailed enough for identifying the requirements and still be
generally relevant.

One should consider the danger of getting biased results when studying someactivities
in more detail than others.

15
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We do not think it possible to develop a rigid system for detailing ail types of

activities. The degree of detailing must be considered in relation to the design problem.

than

a)

o)

c)

a)

e)

f)

Activities with a clearly defined purpose are usually more available for observation
for example the process related activities.

2.2 Analyzing the Activities
In the following we will discuss some aspects by which the activities may be analyzed.

By whom is the activity performed? s

To define the users' requirements on the basis of an analysis of the users' activities,
we have to identify the person(s) performing the activities. The users' characteris—
tics, the number of users and their relations have to be included in the activities
analyzed.

This type of study has been carried out for certain activities and certain categories
of users., It has been used for describing household activities, and

also in studying the fitness of a building for disabled people.

But most activity studies operate with a generic user concept which is of limited
value.

What is needed to perform the activity?

What is the sensory stimulation needed? .

(e.g. temperature, humidity, air movement,light, sound, smell, taste)
What is the consumable supply needed? {e.g. air, water, energy, goods).
What are the by-products of the activity? -

Usually an activity results not only in fulfilling the expressed purpose, but it also
has by-product effects both for the performer and the environment. It is necessary

to study the total result of the activities. What are the satisfactions, dissatisfac-—
tions, by-products produced by the activity?

Where 1is the activity performed?

What space, spatial relations and spatial boundaries are required to perform the
activity?

This is the most common Starting point for an analysis of activities related to
design of buildings.

What is the purvose of the activity?

All activities have a purpose, even process related activities like breathing, thinking,
seeing, hearing etec..

The purpose may be clearly defined as an expected result, but it may also be obscure and
unconscious. For some activities the purpose is easy to describe (ex. to eat, sleep
ete.), for others it is difficult (ex. to dominate, to protect, to love).

Some activities start with a decision by the user, others are processes we go through
without controlling the beginning and end.

The purpose of a particular activity may be different depending on by whom, when and
where the activity is performed.

This is important to deseribe as the only way to measure the efficiency of an activity
in relation to the purpose.

Activities and time &spect.

Activities mey be described according to time spent, when 1% 1s performed and how
often it occurs.

Also the seGuerce and interdependence of different activities in time is relevant.
Time spent and how often the activity occurs may indicate the importance of the
activity both for the user, and so for the design of buildings.

The sequences and the interdependence of activities may be of greal importance when
defining the functional relations between different parts of buildings, activity aids
and the surroundings.
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z) Movements required to perform the activity.
The pattern of movements is relevant for giving dimensions to space and equipment and
for their inter-relations.
The movements required for a certain activity will vary, depending on users' charac-
teristies.
The movements for & particular activity for disabled persons, aged, children and
adults will be different.

3. Users' Characteristics

To identify users' requirements a thorough knowledge of users' characteristics is
necessary, involving meny d1fferentd15c1p11nes, each with different terminologies .and
approaches. This information no doubt is available to a large extent, but very little has
been done so far in structuring, coordinating and surveying information from the different
theoretical starting points to form & basis for design. This is an important task in
future work. This is only a starting attempt to outline the information necessary to
identify the requirements posed by different user groups. We will only be interested in
characteristics which influence the relationship between user/building.

The users' characteristics are traditionally divided into physiological, psychologlcal and
sociological categories. If we go into greater detail, we find that it is very difficult
to draw sharp lines between the three. The characteristics must not be treated statically,
one must emphasize the changes through life span and consider individual variations.

3.1 Physiological Characteristies

g) = lJeural development.
The nervous system is the coordinator of our responses. It provides extensive con-
nections with all parts of the body to integrate various stimulations and responses.
Information about the nervous system is helpful to understand the development of
psychological processes as learning, memory, intelligence and emotions.

b) - Glandular development.
The system of glands maintains end regulates the chemical balance of the orgenism.
Like the nervous system it is of great importance to behaviour. Some knowledge of
this is necessary to understand such processes &s'skeletal, muscular and emotional

development.

=) - Physical development.
Phy51cal changes occur continuously throughout life. The changes in size and propor-
tions, in the skeleton, muscles, or internal organs occur in certain sequences that
are of importance in desi The structural changes intluence the intellectual,
emotional and personality characterlstlcs of the individual.

d) - Motor development.
Motor development, especially locomotion skills and manipulatory abilities, are impor-
tant for one's scope of environment.

e) - Sensory development.
The environment influences men through his senses: hearing, vision, taste, smell and

cutaneous sensitivity.

3.2 Psychological Characteristics

a) - Learningand maturation.
Maturation refers to the development of behaviour due to inherited factors. Learning
is dependent on experience. Learning and maturation are both of great importance to

man's relation to environment.
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b) -~ Intellectual development.
Intelligence has been defined as "the capacity for flexible adjustment”, (Munn 1938)
or "the degree of availability of one's experiences for the solution of problems",
(Goddard 1948). These definitions indicate that intellectual development refers to
man's ability to adjust to environment. Under this heading one could treat:
remembering, imagining, thinking and reason1ng, and concept formulation.

c) - Emotional development.
Emotional development is influenced by environment, both the physical and the mental,
and is a determinant to social adjustment.

3.3 Social Characteristies”’

From infancy to old age man goes through & process of social development. He learns
how to act and think in relation to others. He develops his personality and interests in
relation to others. He learns how to function as part of his society. This is for most
people a difficult and some times painful process. The social situation of a person or
e group will strongly influence the requirements and the environment is one of the deter-
minants .of the social development.

One therefore has to know the mein traits in the process of social development and the main
characteristics of the social situation of a person or a group to identify the requirements.

3.4 Age Categories

The users' characteristics are a question of development through 1ife-span. It is,
therefore, necessary to use age categories as guidance for the description of the users'’
characteristics.

An operative division into age categor1es has to correspond to the major changes of the
different aspects of development of users' characteristics.
. We have so far found it convenient to use the following age categories:

I Pre-school-age 0- 6 years
: subdivision: 0-1
1-3
3-6
II Middle childhood T-12 years
III Adolescence 13-20 years
subdivision: 13-15
16-20
Iv Adulthood 21-25 years
26-64 "
vV 0ld age 65=  verenn

4., An Outline of a Procedure for Identifying
Users' Requirements -

4.1 Choosing Activities Relevant to the Function L
of the Building

(Outlined in chapter 2). We are not able to present a ready made activity list for
all kinds of buildings. Different types of lists will be needed depending on:

a) what is the intended use of the building
b) by whom the building will be used

18
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4.2 Defining the User(s) and their
Relevant Characteristics

(Outlined in chapter 3). As for activities we are not able to present'an overall
list of relevant user characteristics. Different types of lists will be needed depending
on:

a) which activities will be considered
b) which age categories will be considered

4.3 Identifying User's Requirements

On the basis of the information from points 4.1 and 4.2 as they have been discussed in
parts two and three we may identify and survey what is required of the building for the
different user(s) to carry out the necessary and desired activities, for which the building
is to provide a framework. As the detailed requirements will be dependent on the choice of
relevant activities and user characteristics we shall only consider the problems of stating
and structuring the requirements in an operative way and under chapter 5 give some examples
on how to combine the information of 4.1 and 4.2.

Stating and structuring the requirements:

These requirements should be stated:
- in terms recognizable and relevant to the user

- independent of the given couditions
- as qualitative and/or quantitative information depending on information available.

After studying different ways of structuring requirements for the building (as level),
we have used the following headings for grouping the requirements:

a) Requirements of accessibility/usability refer to the easy and comfortable access to
the attribute and its qualities necessary or desirable for the use of the building
or its parts when performing the activity.

b) Requirements of safety/protection refer to the qualities of the attributes concerning
the personal safety with regard to injury and other risk factors for the health and
" well-being of the occupants as well as the protection of his property.

¢) Requirements of perception/comfort according to the user's reaction( both psychologi-
cal and physiological) on the built environment, his structuring of the information
in it, and the -ability to orient and identify himself.

a) Requirements of social adjustability according to social changes of the occupant(s),
for instance in need for contact or privacy when the different activities are taking
place.

Durability or the possibilities of controlling or regulating the qualities of the
attributes as a function of time are not taken up as a separate aspect to the requirements,
but should be implicitly stated in each requirement (especially accessibility/usability).

4.4 Required Performance of Building Hardware

The users' requirements must be related to given conditions in order to find out
what performance is required of the building hardware. The performance requirements have -
to be structured in a way operative to design. This will be discussed in another paper.

(O]
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5. Examples

Indicating Relations between

Activities/Users' Characteristics and Requirements

Activities like
to
to
to
to
to
to
to

breathe
eat
drink
sleep
rest
sweat
urinate

- secsacee

considered in relation to user's physiological characteristics will be relevant for the
requirements of accessibility/usability (access to air, food ete.).

Activities like
to
to
to
to
to

hear
see
smell
taste
feel

considered in relation to user's physiological sensory development will be-relevent for
the requirements of perception/comfort (reaction to appearance, touch, infogmgtion in the

built environment, etc.).

to
to
to
to
to
to
to
to
to

Activities like

considered in relation to the user's

walk

run

Jump

sit down
stand up
drive
ride
swim
slide

physiological/motor development will be relevant to

the requirements of accessibility/usability (access and use of space, stability of struc-

ture etec.).

Activities like
to
to
to
to
to
to
to
to

hold
1ift
carry
open
close
turn
push
pull

Especially relevant to the age groups in which increase or decline in manipulatory

abilities occur.
using equipment ete.).
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Relevant to requirements of accessibility and usability (opening windows,

20

33



Activities like
to fall
to get burned
to get squeezed
to slip
to drop something
to spill
to collide

. Relevant to safety requirements (safe circulation in a building, danger when using
equipment etc.).

Activities like
to protest
to reject .
to contact
to isolate
to join
to dominate
to submit oneself

Especially relevant to the adolescence groups characterized by strong changes in
social development.

Activities like

to recognize

to understand

to remember

to orient oneself
to identify

Considered in relation to users' sensory/intellectual development will be relevant
to requirement of perception/comfort and also to the requirement of social adjustability.

. Activities like
to give birth
to grow up
to marry )
to grow old -

will be relevant to the requirements of usability and social adjustability of the .uilt
environment; provision for changes in activity over the functional life of a building.

6. Consequences on the Continued Work

Development of the basic information on the users' characteristics must be carried
on, both as theoreticel studies and in relation to solving special problems. In connection
with this information activity lists must be worked out as & bagis for choosing relevant
activities.

Different ways of 1dent1fy1ng, analysing and structurlng the users' requirements should
be tried out, revised and adapted to particular needs in design to ease the communication
with the users, and between different fields of research.

21
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Fig. 1 Conceptual framework

ACTIVITIES
{activities relevan
to the function of

the building)

USERS!
CHARACTERISTICS
REQUIREMENTS CONSEQUENCES
(users' required (the hardware in
conditions) use)
SOLUTION
(the physical
result)
REQUIRED PERFORMAN
(performance re-
quirements for
building hardware)
GIVEN CONDITIONS
(possibilities and
limitations for ob-
taining what is
required)
Comments

Identifying human requirements inyolves two different types of information
that both have to be available and structured in an operative way to guide
the design of buildings:
- informstion on the users' characteristics combined with
- information on the users' activities

On this basis, the users' requirements may be identified.

The users' requirements-combined with information about the given conditions’

.will form the basis for stating the performance required. The given =ondi-

tions will also decide what performance actually will be obtained, through
balencing the performance required and the resources available in a cost/benefit
analysis. The obtained performance, the solution, will have consequences on

the activities actually possible, and thus form the information for the feed-back

of the system. (Based on a similar model developed by Tarja Cronberg).
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National Bureau of Standards Special Publication 361, Volume 1: Performance
Concept in Buildings; Proceedings of the Joint RILEM-ASTM-CIB Symppsium, held
May ?-5, 1972, Philadelphia, Pennsylvania (Issued March 1972).

On Structuring Performance
Requirements for Buildings

Tarja Cronberg
Lund Institute of Technology
Lund, Sweden

Anne Saeterdal, &ge Hallqdisc,
Jacob Nordan
Norwegian Building Research Institute
Oslo, Norway

This paper treats the problem of transforming users' require-
ments into relevant properties of a physical solution. From users
characteristics and activities we arrive at the required environmental
conditions. Together with the data from the given%condicions, this
forms the basis for the performance requirements. These (data) must
be structured in a way making it operative for design. By classifying
the requirements according to their basic functions we are able to
get, from this point to a set of properties relevant for a chosen
type of physical system.

Cette communication traite le probléme de la transformation
des exigences de 1l'usager en propriétés pertinentes d'une solution -
physique. Partant des caractéristiques et activités des usagers,
nous arrivons aux conditions d'environnement requises. Avec les
informations sur les conditions données, ceci forme la base des
exigences de performance. Ces informations doivent 8tre codifiées
de fagon & les rendre opérationnelles dans le projet. En classant
les exigences selon leurs fonctions fondamentales, nous pouvons
accéder, 3 partir de 13, 3 une série de propriétés pertinentes
pour un type choisi de systéme physique.

Key words: Organization of performance factors; performance
requirements; required conditions; users' activities; users'
characteristics.
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Introduction

We build in order to establish certain required environmental conditions.

This set of conditions should be according to the users' requirements. In this paper
we will concentrate on the Human as user, though the principles will be the same for other
"ysers", - things, machines, animals, etc.

There are principally two different approaches to the problem of defining the functional
, requirements. ’

One is to start with process of use, activities, and user characteristics, trying not
to be limited by traditional concepts of building. ’

The other epproach is to derive the functional reguirements from existing solutions.

This peper, like the paper entitled "Human.Requirements on Building" deals with the
first approach. We conclude there with an outline of a procedure for identifying the
users' requirements, and of relating these to properties of the building hardware, in the
following steps: :

: .
A. Choosing activities relevant to the function of the building (ex. dwelling, education,

production ete.).

B. Defining the user/user groupsend their relevant characteristics.

C. Relating information on users' characteristies to the activities relevant to function
of the building. On this basis one may identify and survey what are the reguired con-
ditions for different user/user groups for carrying out the activities. The reguired
conditions have to be structured in a way operative for communication with users.

D. The users' requirements must be compared with the given conditionms in order to find out
what performance is required of the building hardware. These performance requirements
have to be structured in a way operative to design.

We know that humans will perform according to their characteristics and choice of
activities, provided they have acceptavle conditions. Our problem is transferring the
users' requirements into performance requirements on the building hardware. Further, we
try to relate the physical properties of the building hardware to the function of the
building. In order to do this, we must analyze the functional relations between the use,
and the building,as well as the given conditions.

The information items about the given conditions are structured in accordance with
the required conditions, - they are not treated separately in this paper.

This peper treats the analysis on one level, - that of the building/shelter.

The paper "Human Requirements>on Buildings" discusses the procedure previously given
in points A, B, C. In this paper we will discuss the points C and D.
-
Man's activities maey be regarded as the process -of ‘adapting to stimuli from the
environment.

In order to perform man will need some input, this can be divided into sensory and
consumetive. He will need a fremel for his performance, and when performing he will
produce. The environment will have to cater to his input, provide a framework, and take .

care of that which he produces.

The existing environment will (more than) often not be according to the conditions
man requires for his activities. Therefore it will be necessary to create those required

IThis does not refer to a physical fremework, but is an abstract concept for enclosing
space and climate.
2l
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conditions.

If we have one environment (i.e. the given), and want to create another, we will need
to introduce some hardware., This may then both act as a source for required stimuli, as
well as take care of the differences between the required conditions and the given
conditions.,

This building hardware must therefore have.a "function" to take care of these dif-
ferences. It should provide the required frame, climate and space. Further we must have
channels for supply and waste to handle the required services, See Figure l.

The building, as part of the environment, ‘may then be regarded as having the following
basic requirements in relation to man's activities:

- As a source for man's stimuli
(e.g. the appearance of a building)

- As a frame for man's activities
(e.g. space and climate)

- As a filter of stimuli from outside.
(e.g. keeping traffic noise out)

- As a filter of stimuli from inside
(e.g. provision of privacy)

- As having a set of in/out channels .
(e.g. electricity, telephone/garbage, sewer etc.)

This is brief outline of the concept our analysis is based on. See Figure 2.

Our framework has been established in order to structure the physical properties of
building hardware, according to’ the basic functions of the building. This is necessary
to form the link between functions and physical properties. It will previde the:opportuni-
ty to define the properties precisely, according to the required conditions.

Structuring the Performance Requirements
We will now deal with the analysis 'in more detail,.

1.a) In order to perform certain activities man will need a certain "input", sensory and
consumable. The sensory input may be related to:

Temperature Light Flavor

Humidity Sound ' Shape/form

Air/gas Odours Surface characteristics
Radiation . ‘

b) This will be provided by the source functions. The consumable input will relate to the
supply in channels:

Air Nourishment Aidé
Water Energy

2, When performing activities man will produce:

Air/gas Fecal/urine Forces
Heat Sound Garbage/water
Humidity " Odours

This will have to be taken care of by the filtering(out) functions or the out channels.
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The building hardware will form a frame for his performance,
The space will be characterised by:

into space and climate,

Spatial {dentities

This will be taken care of by the enclosure,

Air/hygro/thermal
Movements

Spatial relations

Radiation
Light

This frame is divided

Spatial boundaries

Climate will be characterised by:

Sound
Odours

The building hardware will have to have a filtering function to take care of the dif--
ferences between the given conditions and the required conditions (built environment).

4, The basic functions r“uessary will relate to the following:

Temperature Air/gas Light
Humidity Radiation ‘ Sound
Water Electric current Smell/taste

Air Movement Magnetic forces Fire

Conclusion:
The performance requirements on the building hardware may therefore be listed under the
following basic headings according to functions:

Channels in
Channels out

Source Filter in
Enclosure Filter out

This is an operative way of structuring the performance requirements, as it enables
us to handle the requirements independent of the means to be used to solve the problems,

For design purpose it is now necéssary to list the relevant physical properties in
accordance with these basic functions,

Listing of physical properties, on the building level, relevant for the means to meet
the functional requirements, and to withstand the effects of these, '

1. Source:

HEAT LIGHT . ODOURS
Heat capacity Transmission Emission,
Radiation of heat Absorption
Heat conductivity Refraction FLAVOR
Warmth to touch Reflection Emission of Flavor
Effects of heat Emission of Light
Effects of Light SURFACE
HUMIDITY/WATER Evenness
Emission SOUND Flatness
Effects of humidity/water Generation Friction
Reflections Effects of Touch
Absorptions '
Emission

Effects of Sound

2, Enclosure/space:

DIMENSIONS SHAPE RELATIONS
m Proportions Function Distance
m2 Angles Connectedness
m3
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of a building,

Filter in/out,

FORCE (loads)(e,g, loads
caused by wind, snow, activi-
ties, intruders, etc,)

Mechanical/structural
Strength

Vertical
Lateral
Racking
Abrasive

Deformations

Compression
Elongation
Deflection
Twisting
Warping

Vibrations
Amplitude

Frequency
Dampening

Channels in/out, each involving

. Air Gas

Water/Liquid
Energy

THERMAL
Heat Transfer

Conduction
Convection
Diffusion
Radiation

HUMIDITY/WATER

Water Permeability

Water Tightness

Vapour Permeability
Effects of Humidity/water

AIR/GAS
Permeability
Leakage

Effects of air/gas

RADIATION
Permeability
Effects of Radiation

ELECTRIC FORCES
Conductivity

MAGNETIC FORCES
Effects of Electricity
Effects of Magnetic Forces . -

LIGHT
Transmission
Absorption
Refraction
Reflection
Effects of Light

SOUND
Transmission
Absorption
Reflection
Effects of Sound

FIRE

Generation
Combustion .
Resistance
Effects of Fire

Content, Capacity, Connections, and Control.

Electronics
Goods
People

Light
Sound

The physical properties are now structured according to the basic functional systems

to use it independent of choice of physical systems,

technological and economical context etc,.

By having our basis information structured in such a way, we will be able

A choice of physical system/subsystem as part of the design process is dependent on

It is however important to have a basis

information generally operative independent of variatioms in this context,

In the design process it will be necessary to group the physical properties in

*accordance with the basic elements in a chosen physical system,
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FIG. 1 ESTABLISHING OF THE BASIC FUNCTIONS FOR BUILDINGS

THE ENVIRONMENT, OF WHICH THE BUILDING

IS A PART, HAS THE FOLLOWING FUNCTIONS:

AS A SOURCE
AS A FILTER

AS AN ENCLOSURE

MAN ALSO NEEDS SERVICES FOR HIS
SUPPLY AND WASTE. '

i v

b 4

| |
ENVIRON- ENVIRON- ENVIRONMENT AS

MENT; MENT FRAME
As | AS :

| 1
STIMULI FILTER

.

J
BUILDING BUILI?ING

] BUILDING AS ENCLOSURﬂl

-
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FIG. 2 OUTLINE OF FRAMEWORK FOR STRUCTURING REQUIREMENTS

ENCLOSURE

FILTER OUT

SOURCE\\
i}
SOURCF, l ‘ ' l

7

FILTER IN

/
-
—

WASTE¢/ )\ SUPPLY

THIS DRAWING IS A SIMPLE EXPLANATION OF
THE BASIC FUNCTIONS. THESE FUNCTIONS MAY
BE USED IN AN ANALYSIS FOR STRUCTURING
THE REQUIREMENTS AS SHOWN HERE:

USERS'
CHARACTERISTICS

ACTIVITIES }

REQUIRED
ENVIRON-
MENT

CONDI-

PERFORMANCE
REQUIREMENTS

SOURCE
ENCLOSURE
FILTER IN
FILTER OUT
SUPPLY/IN
WASTE/OUT .

BASIC FUNCTIONS

STRUCTURED PER-
4 2 FORMANCE REQUIRE-
MENTS ON HARDWARE
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National Bureau of Standards.Special Publication 361, Volume 1: Performance
Concept in Buildings; Proceedings of the Joint RILEM-ASTM-CIB Symposium, held
May 2-5, 1972, Philadelphia, Pennsylvania (Issued March 1972).

Performance Requirements of the Thermal Environment for Human Occupancy

Ralph G. Nevinsland P. E. McNall, Jr.2
College of Engineering
Kansas State University
- Manhattan, Kansas 66502

Recent physiological and psychological research is analysed
from an engineering point of view to determine the ranges of the
variables which provide satisfaction with the thermal environment.
The preferred values of the thermal variables, dry bulb temperature,
mean radiant temperature, water vapor pressure in the air and air
veiocity, are presented for various levels of activity and clothing.
Permissible steady-state deviations are defined for practical satis-
factory environmental control. The effect of variations with time
is discussed and recommendations are given for limiting criteria.
The environmental variations associated with different human
activities and clothing ensembles are analysed.

The necessary shift in dry-bulb air temperature to maintain
subjective comfort in response to variations in the other thermal
parameters is presented as the suggested functional requirement and
as a means for assessing the quality of existing or proposed environ-
ments. Simulation of the total building System is suggested including
Man, the Building, Climate and the Environmental Control System. A
man-analogue is described for use with design simulation models or
for performance ratings with on-site measurements.

On analyse, du point de vue du génie civil, de récentes études
physiologiques et psychologiques pour déterminer la gamme des variables
qui satisfassent les conditions de 1'environnement thermique. Les
valeurs préférentielles des variables thermiques, température du
thermométre sec, température rayonnante moyenne, pression de vapeur
d'eau dans 1'air et vitesse de l'air sont présentées pour différents
degrés d'activité et d'habillement. On précise les écarts admissibles
en régime permanent pour un contr8le pratique satisfaisant de
1'environnement. L'effet des variations dans le temps est étudié et
1'on donne des recommendations pour des critéres restrictifs. Les
variations de milieu associes aux différentes activités humaines et
aux différents ensembles de vEtements sont analysées.

Les modifications de température du thermométre sec nécessaires
pour maintenir un sentiment subjectif de confort en réponse aux
variations d'autres paramétres thermiques sont présentées comme
1'exigence fonctionnelle suggérée et comme moyen d'évaluer la
qualité du milieu existant ou proposé. Les problémes d'équipement
sont discut&s. On montre que les exigences fonctionnelles proposées
sont affectées par le climat extérieur, les 8léments architecturaux
de la structure, le systé@me de climatisation et ses contrdles, tous

IDean of Englneering and Director, Institute for Environmental Research;
Senior Group Manager of Engineering, Johnson Service Company, Milwaukee,
Wisconsin. Formerly, Associate Director, Institute for Environmental Research.
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en tant que variables en corrélation. Un mod&le analogique du
systéme de construction total est proposé comprenant 1'Homme, le
Bitiment, le Climat et le Systéme de controle 4+ milieu.

Key words: Air motion; air temperature; comfort; mean radiant
temperature; performance; relative humidity; thermal environment;
thermal neutrality.

1. Introduction

It is the purpose of this paper to Suggest that the performance of a building envi-
ronmental system must include the human occupants.as part of the system and to recommend
performance requirements based-on human physiological and psychological responses to all
factors of the thermal environment. In addition, it is shown that the evaluation of the
thermal environment cannot be based on measurements of supply air temperature, supply
air volume flow rate, and other physical data alone.

2. Human Requirements for Thermal Comfort

ASHRAE Standard 55-66, Thermal Cum:: st Conditions [1]3, defines thermal comfort as
"that condition of mind which exprusses satlsfaction with the thermal environment." An
important feature of this definition is the use of "the condition of mind" as-opposed to
"the condition of the body." Obviously, psyciological response to an environment will be
determined by stimuli which effect all body senses. The occupant's physiological response,
is determined essentially by the thermal exchange between the occupant and the thermal
parameters of the environment.

The designer must be cognizant that a human response of "comfortable'" is a complex
physiological and psychological reaction involving perhaps fifteen or more factors [2].
Three types of variables can be discussed, (1) physical factors, such as temperature,
relative humidity, air velocity, size of the room, light field, air pressure, etc.;

(2) organismic factors, those factors which the individual occupant brings into the
space such as age, sex, body-type, and drive; and (3) reciprocative factors, inter-
actions between the man and the environment, Sometimes called behavioral factors, such
as diet, clothing, and activity. Many of these factors have minor or even negligible
effect on a person's response to the thermal environment.

The variables directly influencing thermal comfort are: 1) Physical Factors--dry-
bui!. temperature, water vapor pressure in the ambient air, air motion (relative air
velocity), thermal radiation exchange (mean radiant temperature), and the time variations
in these parameters; and 2) Reciprocative Factors--activity (heat praduction) and
clothing (thermal insulation). Individual differences--age, diet, sex, etc.-—are assumed
to be second order variables and are handled by employing averages fcr a group of human
occupants.

For an occupant to be satisfied with the thermal environment, the physical param-
eters must be such that the heat generated (metabolic activity) is equal to the heat
lost and that the person is in a zone of thermal neutrality. It is important to note
that thermal neutrality is a necessary but not a sufficient condition for comfort. For
example, non-uniform effects such as a draft on the neck or ankles, or radiant loss to
a cold window on one side may cause discomfort even though the spatial integration of
the heat balance is neutral. To further complicate the situation, there exist signi-
ficant differences between individuals and their preferences for a given set of environ-
mental conditions. There is also a range of thermal conditions which will be satisfactory
for a given individual at any given time, activity level, etc. The preferred conditions
for a given individual may also vary with time and with other non-physical aspects of
his environment in addition to the normal variations resulting from physiological rhythms.
Fanger [3] has suggested that the maximum percentage of a significantly sized group that

3Figures'in brackets indicate the literature references at end of this paper.
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will express satisfaction with an environment i1s 95 percent. ASHRAE Standard 55-66
specifies thermal conditions which will satisfy 80 percent of the occupants for sedentary
and slightly active, healthy, normally clothed people in the United States and Canada.

The number of responses on a subjective voting scale will affect the modal value. Usually
a seven point scale is used. With seven choices, any single thermal condition will satisfy
no more than 80 percent of the individuals voting. Fewer choices would result in satis-
faction for a higher percentage.

Table 1 summarizes the "thermal" parameters of the ASHRAE Comfort Standard 55-66.
Of the seven thermal parameters mentioned above, the Standard provides limits for the
five physical factors. It is applicable essentially to only one level of activity and
one level of clothing (lightly clothed adults at office work activity levels). Since
the Comfort Standard is intended for practical, field applications, a range for each vari-
able is specified which permits its application to spaces which several individuals may
occupy simultaneously and who may have slightly different activity levels and may be
wearing clothing having slightly different values of insulation, all within some practical
limit.

3. Performance Requirements

Using data from Kansas State University, the Johr B. Pierce Foundation Laboratory
and the Laboratory of Heating and Air Conditioning at the Technical University of Denmark,
specifications are suggested below for the performance requirements of the thermal envi-
ronment in terms of the seven primary environmental variables which effect thermal comfort.
Due to the difficulty of representing a seven-dimensional system, it is necessary to
establish the gradient (rate of change) of each parameter with another and to apply each
essentially independently of the others.

Since dry bulb temperature is usually the major factor in determining the thermal
exchange of the human body, it has been chosen as the independent variable. Additional
argument for this choice is that in most environmental control systems, the dry bulb
temperature is the controlled variable, and it is the most commonly used single variable
employed to estimate or classify the thermal environment. The general air motion-in a
given space is usually fixed at the time of the installation of the air diffusion equip-
ment and is normally small compared to the relative air velocity caused by activity such
as walking. The body heat transfer coefficients, therefore, are determined largely by
the activity level of the occupants and not by the building air conditioning system.
Thermal radiation éxchange or the mean radiant temperature is determined by the inside
surface temperatures of the space which in turn are dictated normally by the outdoor
conditions, the construction of the building, window areas, solar load, etc. It should
be noted that these inside surface temperatures are strongly dependent on the inside air
temperature. In panel heated or cooled systems, of course, the mean radiant temperature
can be a controlled parameter.

The work of Nevins et al. [4] and Rohles [5] with college-age subjects provides a
baseline curve and a comfort envelope or zone of thermal neutrality for sedentary
activity and lightly-clothed subjects. McNall et al. [6] give basic experimental data
for three levels of activity. The specific values of the seven variables which form the
baseline performance criteria for thermal comfort are shown in Table 2.

~ As is the case with many complex problems, the equation which relates the thermal
comfort of a human occupant to the thermal parameters of the environment is non-linear.
The change in dry bulb temperature necessary to compensate for a unit change in one of
the other six variables is, therefore, a function of the magnitude of the variable being
considered or some combination of these variables i.e., the state point from which a
shift in a given variable may occur. For practical applications, and to reduce an almost
infinite number of combinations of the variables to a manageable or practical number, the
range and number of possible environmental situations has been limited based on engineering
judgment and experience. i :



. Relative humidity or, more appropriately, the partial pressure of the water vapor in
the air has been shown to have a small effect in the zone of thermal neutrality within the
range of 20 to 65 percent for sedentary subjects. For occupants involved in higher levels
of activity or in warm environments, the effect of water vapor pressure increases. However,
if the dry bulb temperature is maintained at the proper value to maintain thermal neu-
trality, the vapor pressure, if limited to 5.0 to 12.5 mm. Hg, will influence thermal com-
fort only slightly requiring a change in dry bulb temperature of approximately 4 to 6 F
(2 to 3 C) to compensate for a change in water vapor pressure of 25.4 mm. Hg. (at 75 F
(23.9 C). This is equivalent to a relative humidity change of 100%).

The influence of air motion on the zone of thermal neutrality has been studied under
laboratory conditions for velocities from "sti1ll air" to 200 fpm (1.0 m.s.”%). However,
in practice air motion or relative velocity will range from 30 to 40 fpm (0.15 to 0.20
m.s.”!) to a probable maximum of 100 to 150 fpm (0.5 to 0.76 m.s~1) except in special
cases of "spot ventilation." Thermal sensations of '"comfortable" or 'thermally neutral"
have been achieved in the laboratory at velocities up to 200 fpm (1.0 m.s.”1). Under these
conditions the dry bulb temperature was increased approximately 8.0 F (4.5 C) to provide
thermal comfort for low .activity levels. Using these data and the predictive equations of
Fanger [3], the change in dry bulb temperature required to offset a unit change in velocity
can be estimated. It will be noted that the effect is dependent upon the level of activity
and on the magnitude of the velocity about which a-change in velocity occurs. The
clothing insulation does not effect, materially, the rate of change of temperature with
velocity.

The mean radiant temperature of an enclosure, excluding panel heated or cooled spaces,
is dependent upon building construction, orientation, outdoor air conditions and solar
load. The subjective data obtained by McNall [8] using sedentary and active college-age
subjects dressed in light clothing, indicates that a constant condition of thermal comfort
for these subjects can be achieved if the air temperature is reduced 1.0 F (0.56 C) for
each 1.4 F (0.78 C) increase in mrt3. The space air motion was approximately 30 fpm
(0.15 m.s'l) for these tests. This recommendation was found also to be appropriate for
active subjects (M/A = 36.9 Btu. hr-) fe=2 (116.5 W.m™2) where M = metabolic rate and
A = Dubois body surface area). The relative air velocity increased to 45 fpm (0.22 m.s~ 1)
as a result of the increased activity level. The width of the thermally neutral zones
was found to be 5.3 F (2.9 C) for sedentary subjects and 8.1 F (4.5 C) for subjects per-
forming work with a metabolic activity of 41.0 Btu. hr=! ft™% (129.5 W.m"2) for males and
37.2 Btu. hr~! ft=2 (117.5 W.m"2) for females. If the velocity is increased to approxi-
mately 100 fpm, (0.5 m.s™!) a reduction of 1.0 F (0.56 C) would be compensated by an
increase in mrt of 2.4 F, (1.33 C) showing again the influence of air velocity on the
convection heat transfer, and the relative magnitude of the convection to radiation heat
transfer.

Table 3 gives the insulation values for various commonly worn clothing ensembles.
Table 4 lists the average metabolic rates for adults performing various types of common
activities.

The effect of each thermal variable on the dry bulb temperature for thermal comfort
is graphically illustrated in figure 1. Dry bulb temperature ig plotted as the abscissa.
The bars on line (1) represent the zone of thermal neutrality or the range of dry bulb
temperature for thermal comfort for four levels of activity for the basic conditions
given in Table 2. Line (2) indicates the shift in dry bulb temperature required to
compensate for an increase in air motion of approximately 70 fpm. (0.35 m.s”1). Line (3)
shows the change in dr§ bulb temperature required to compensate for increases in mrt of
5 (2.8) and 10 F (5.6 C) above the neutral temperature (T, = mrt). Line (4) shows the
change in dry bulb temperature required for increases in clothing ingulation of 1.0 and

This recommendation does not support ASHRAE Standard 55-66. It indicates that the
air film coefficient has more influence on the heat transfer from the human body
than the radiation coefficient. Standard 55-66 is currently being reevaluated in
light of these and other research findings since 1966. ’
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1.5 clo.* The water vapor pressure is assumed to be within 5.0 to 12.5 mm. Hg. where
its effect on the dry bulb temperature would be less than 1.0 F. (0.56 C).

The values in figure 1 are estimates based on research and current practice. The
range of dry bulb air temperature shown should satisfy at least 80% of the occupants of
a given conditioned space if similarly clothed and engaged in similar activities. The
effects, for practical purposes can be assumed to be algebraic. For example: assuming
a baseline condition of: .

M/A = 18 Bru. hr t £t72 (56.7 W.m )

Activity Level

Air Velocity = V = 30 fpm = 0.15 m.s-l
mrt = T
a
Clothing = 0.6 clo

the dry bulb temperature for comfort would be 78 F (25.6 C). The dry bulb temperature
required to compensate for an increased activity level to 38 Btu. hr-! £e72 (120.0 W.m™2)
would be 67 F (19.4 €). If this change in activity is accompanied by an increase in air
velocity of 70 fpm (V = 100 fpm = 0.5 m.s~1), an increase in temperature of 4 F (2.2 C)
is required (see line 2, figure 1). The alegebraic sum of the changes then results in
an air temperature for comfort of 78 - 11 + 4 = 71 F (21.6 C). :

To illustrate the use of figure 1 when changes from the baseline conditions occur
for all factors, assume the following conditions:

L g2 (120.0 wom 2)

1

M/A = 38 Btu. hr.

Activity Level

kx4

Alr Velocity = V = 100 fpm 0.5 m.s
mrt = Tab + 10 F (Tab = baseline dbt = mrt)
Clothing = 1.0 clo

Then the dry bulb temperature for comfort is:

Ty = Tap = 8Tpcr * ATy = ATy = ATclo
Ta =78 -11+4 ~7-107=54 F (12.2 C)
where Ta = dry bulb air temperature,
Tab = baseline air temperature, = mrt (line 1, figure 1)
ATACT = Change in dbt for activity, (line 1, figure 1)
ATV = Change in dbt for velocity, (line 2, figure 1)
ATmrc = Change in dbt for Mean Radiant Temperature, (line 3, figure 1)
ATclo = Change in dbt for clothing insulation, (line 4, figure 1)

4. Variation of Variables with Time

ASHRAE Standard 55-66 specifies acceptable limits for the magnitude and rate of
fiuctuation of temperature and relative humidity. Using college-age subjects, Sprague

Tone olo unit 1s 0.88 F. £t2 hr. Btu=! (0.155 C m2Ww™ 1)
35
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and McNall [9] obtained experimental data which established the limits shown in figure 2
for (a) dry bulb temperature and (b) relative humidity. As shown in figure 2(a), the
amplitud: limit of the temperature variation is a function of the cycle time so a peak

to peak variution of 4.0 F (2.2 C) is allowable if the period is greater than 1.0 hours.
Howev ~. if the period is 15 minutes, the maximum alliowable peak to peak value is 2.0 F
(1.1 . From Figure 2(b), the corresponding maximum peak to peak values of relative
hunidits (KSU uniform) are 12% for 15 min. periods and 18% for 1.0 hr periods. With
light suits the value is 227 for both 15 and 60 min. periods. The specifications of AASRAE
55-66 are shown for comparison. In general, 55-66 is conservative but acceptable. Time
fluctuations in the relative humidity greater than those specified by the ASHRAE Standard
may not be objectionable but the range and extent of the test conditions used by Sprague
were not sufficient to justify a change #n these limits. Figure 2(b) also shows the
effect of two clothing ensembles on the acceptable limits of relative humidity fluctu-
ations. Moisture adsorption and desorption in the clothing causes a heat gain or loss,
respectively, which effects comfort with changing humidity.

The possible non-uniform thermal environment referred to earlier may also be a .
cause of discomfort, even though the criteria outlined above are satisfied on the basis
of an integrated average for the total environment. Some research has been performed in
this area {10], [11], and although the results are incomplete, the evidence supports the
conclusion that most practical controlled environments do not produce non-uniform thermal
effects of sufficient magnitude to be of themselves, sources of discomfort. This complex
effect, if ignored, should not cause serious difficulties in applying the recommended
performance criteria to practical cases.

Another variable to be considered is the location of the occupants within the space. -
If an occupied zone is defined, for example, as in ASHRAE Standard 55-66 "3 in. (0.07 m)
above the floor to the 72-in. (1.83 m) level and 2 ft. (0.61 m) from the walls, windows
and fixed HVAC equipment', it is unlikely that practical environments will cause signifi-
cant discomfort due to variations of position within the occupied zone. For practical
purposes the above two complications are considered second order effects.

Figures 1 and 2 are then suggested as practical performance specifications to assess
the acceptability of controlled environmental systems. No consideration has been given
to the methods for accomplishing this performance. There exists a large number of
different combinations of the various components which comprise the system which could
conceivably give acceptable performance. The components are typically:

1. The building construction details

2. The microclimate surrounding the building

3. The heating and air-conditioning system and its energy source -
4, The control of the HVAC system

5. The use of the building, from the viewpoint of the human occupants

The architect and engineer are completely free of restrictions on their innovative
ability to provide acceptable performance and the optimum system which will satisfy the
specific and unique situations surrounding each building project.: The client would then
be assured of acceptable system performance regardless of the specific components chosen,
and there could be a greater premium placed upon economical solutions and conservation of
resources.

5. System Rating

With the information generated above, the performance of the system, its ability
to adjust or maintain the thermal variables to achieve thermal comfort, can be determined.
An analogue of the ''comfort" criteria which might be used for performance evaluation and
rating is given in figure 3. The inputs to the model would be the outputs of a building-
space—equipment simulation model or actual on-site measurements. Each variable is
compared to a "baseline" or set-point value. Deviations from the "baseline" value
are compensated by changes in air temperature according fo the established transfer -
functions. The individual outputs are summed, algeraically, to provide the value of air
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temperature for thermal comfort.

This value can then be compared with the air temperature

in.the space to provide (1) a "rating" of the system or (2) a control signal for bringing
the system to the desired conditions.

defined for use in the evaluation of the total building system.

6. Conclusion

L

Performance requirements in terms of dry bulb temperature for thermal comfort are

Incorporating these

criteria (the comfort analogue) into computer simulation programs, the system can be

“rated" for design purposes or used for economic analysis.
the thermal variables, the performance of an existing structure can be determined.

Using field measurements of
The

proposed requirements are estimated from research data, field practice and experience.
Further refinements are needed to more accurately formulate:the functional relationships
between the thermal variables ~d the building-space-conditioning equipment and control

system.
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Table 1. Summary of ASHRAE Comfort Standard 55-66%

Dry~bulb temperatures (dbt)at all times 73-77 F (22.8 - 25 C)
Mean radiant temperature (mrt) at all times 70-80 F (21.5 ~ 26.6 C)
If mean radiant temperature is not equal
to dbt, + 1.0 F (0.56 C) difference in
mrt is to be offset by ~1.4 F (0.78 C)
in dbt and vice versa.

Relative humidity (rh) at all times 20-60%
Air velocity (relative to the human subject) 10-45 fpm (0.05 - 0.23 m.s.” 1)
Rates of change: W

dbt's 4.0 F/hr (2.2 C. hr™1) or less
if At peak to peak is 2.0 F (1.1 C)
or greater

mrt's 3.0 F/hr (1.6 C. hr=1) or less
if At peak to peak is 1.5 F (0.8 C)
or greater

rh 20%Z/hr or less
if Arh peak to peak is 10% or more.

*These conditions apply for lightly clothed adults at office work
activity levels or the equivalent.

Table 2. Baseline comfort data for college-age
subjects at four activity levels

Metabolic Rate, M/A

Btu. hr=1 fc~2 Air Temperatures, F (C) '
Activity (W.m™2) Males Females Combined
Sedentary* 18.5 (58.3) 76-80 (24-19)
Low activity*#* 28.0 (88.4) 64-75 (17-24) 67-75 (19-24)
Medium activity*#* 37.4 (118.0) 60-73 (16-23) 63-71 (17-21)
High activity** 47.3 (149.5) 56-68 (13-20) 57-62 (14-17)

*rh = 25-65%, Velocity = less than 45 fom (0.23 m.s™1) IC1 = 0.6 clo, mrt = Ta

**Water Vapor Pressure = 10.9 mm Hg.,

Velocity = less than 45 fpm (0.23 m.s™’), L. = 0.6 clo.

M = Metabolic rate. A L= Dubois body surface area.
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Table 3. Insulation values for commonly
worn clothing ensembles*

Clothing Insulation, ICl (clo)

Shorts 0.1
Typical tropical ensemble

(shorts, open-neck shirt . 0.3-0.4
with short sleeves, light U
socks and sandals)

Sweater and skirt 0.40-0.68
Blouse and skirt 0.33-0.51
Light summer ensemble

(Long light-weight trousers, 0.50
open-neck shirt with short sleeves)

Slacks and blouse 0.51-0.82
Light working ensemble

(athletic shorts, woolen socks, cottun 3.6
work shirt (open-neck), work trousers *
(shirt tail out)

Typical American business suilt 1.0

Heavy traditional European business suit 1.5

*Seppanen, 0., Minson, D. M. McNall, P. E., and Sprague, C. H.,
Thermal Insulating Values for Typical Clothing Ensembles, Trans.
ASHRAE, 78, Part 1, 1972.

Table 4. Average metabolic rates for adults
performing various types of activities

Activity Metabolic Rate (M/A)
Btu. hr ! £c=2 (W.m™2)

Seated, quiet 18.4 (58.0)
Seated, relaxed . 22.1 (70.0)
Walking, on level, 2 mph 36.8 (116.2)

4 mph . 70.0 (221.0)
Light Machine Work 36.8-44.2 (116-139)
Heavy Machine Work 64.5-82.8 (204-262)
Teacher 29.4 (92.8)
Car Driver . 27.6 (87.0)
House Cleaning 36.8-62.5 (116-198)
Typing . 22.1-25.7 (70-81)
Calisthenics 55.2-73.5 (175-232)
Social Dancing 44,2-80.8 (140-254)

»

M = Metabolic Rate, A = DuBois body surface area.
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Figure 2(a) Recommend Maximum Dry Bulb Temperature )
Amplitude for Thermal Comfort as a Function of Cycle Time.
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Figure 2(b) Recommend Maximum Humidity Amplitude for
Thermal Comfort as a Function of Cycle Time.
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National Bureau of Standards Special Publication 361, Volume 1l: Performance
Concept in Buildings; Proceedings of the Joint RILEM-ASTM-CIB Symposium, held
May 2-5, 1972, Philadelphia, Pennsylvania (Issued March 1972).

Performance Requirements of
Buildings and the Whole Problem

William M. Pena and John W. Focke
" Programming Planning Services Division
Caudill Rowlett Scott, Architects
.Houston, Texos 77027

Because so many groups of people (the client owner group, the client user
group, and governmental agencies) participate in establishing performance re-
quirements for an architectural project, the approach must be rational enough
to withstand public scrutiny and analytical enough for the data to be classified
and interrelated for greater mutual understanding.

Programming is o process leading to the statement of an architectural problem
and the performance requirements to be met in offering a solution. Architectural
programming is problem seeking, resulting in those qualitative and quantitative
statements that deseribe the whole problem in terms of function, form, economy
and time. The performance requirements deal with what is to be achieved without
regord to the physical response. :

The search for performance requirements is evident in each of the five steps of
the programming process which follow:

Establish Goals (Qualitative)

Collect, Organize and Analyze Facts (Quantitative)
Uncover and Test Programmatic Concepts (Qualitative)
Determine Needs (Quantitative)

State the Problem (Qualitative)

O A WN —
« e e e e

The steps ond consideraii s form an analytical framework for classifying and
processing dota (coming from many sources) into informotion. This framework is
also useful in avoiding informotion clog and as a format for dialogue among the
many participants.

A typicol problem can’involve the rote application of a hardware system with-
out concern for the user. However, if the approach emphasizes the performance
requirements of the user, then we have defined a unique problem. A hordware
system may then be a part of the solution but it will be applied in the context of
tte whole problem.
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I1 est tant de groupes( le groupe du client-propriétaire,
le groupe du client-usager et les agences gouvernementales) qui
participent 3 1'8laboration d'exigences de performance d'un
projet d'architecture, que 1'abord doit &tre assez rationnel
pour supporter 1'examen rigoureux du public et assez analytique
pour que 1l'apport puisse &tre classé et trait@ en termes
corrélatifs, dans le but d'une compréhension mutuelle plus grande.

Par la performance, on traite qui peut €tre accompli sans
égard aux contingences physiques. Dans ce sens, la planification
architecturale est recherche de problémes menant 3 ces &noncés
qualitatifs qui décrivent le probléme entier en termes de fonction,
de forme, d'économie et de temps...... comme conditions appropriées
des problémes architecturaux.

La recherche des exigences de performance comprend une
méthode analytique qul revient &:

1. é&tablir les objectifs (qualitatif)

2. collectionner, organiser et analyser les faits (quantitatif)

3. découvrir et mettre & 1'&preuve les concepts de planification

(qualitatif)

4. déterminer les besoins (quantitatif)

5. formuler le probléme (qualitatif)

Les différents Echelons sont alternativement qualitatifs et
quantitatifs. Les &chelons et considérations forment un cadre
analytique pour classer et traiter les renseignements ( venant de
nombreuses sources) en information. Ce cadre est aussi utile
pour éviter 1l'engorgement de 1'information et assurer le dialogue
entre les nombreux participants.

Un probléme type peut inclure 1l'application routiniére d'un
systéme de "hardware” sans tenir compte de l'usage. Toutefois,
si la méthode d'approche souligne les demandes de 1!usager, alors,
nous avons dé&fini un probléme unique. Un systéme de "hardware"
peut alors &tre un &lément de la solution, mais il sera appliqué
dans le contexte du probléme entier.

Key words: Analytical procedures; architectural programming; buildings; performance
requirements; problem seeking; statement of the whole problem; user needs.

1. People Participation

Many groups of people participate in the establishment of performance requirements for an architec-
tural project. They approach the planning of a project from separate points of view, Each group can be
expected to play a different role based on its set of values, on its interests and on its own perception of
wants and needs and may bring with it a different hierarchy of common values or even a different set of

In order to emphasize the various points of view, it might be expedient to identify the groups and to

bh



ascribe to them generalized concerns as might fit their roles as follows:

(1) The administrative group concerned with: _
(@) Reducing the time for planning and construction,
(b) cost controi if not cost reduction and
(¢) quality control

(2) The professional group represented by the designer concerned with:
(@) The opportunity for innovation in terms of the finished building,
(b) the inherent human values and
(¢) the visual quality.

(3) The client user group concerned with:
(@) The hope of greater satisfaction of its needs,
(b) knowing how these needs may be met and
(c) occupying and testing the finished building.

(4) The client owner group concerned with cost reduction and cost control.

Each group may consist of an ever increasing number of people and may include multi-headed sub-
groups. Some of these subgroups can be identified as governmental agencies, special consultants, boards
of directors, department chairmen, user representatives, building committees, and increasingly ~~ interest-
ed citizens.

2. An Organized Process

With so many different people involved in the establishment of performance requirements, the need
for an organized process is indicated.

The process must be rational enough to withstand the scrutiny of so many individuals. This is partic-
ularly true in the case of government projects where there is an obligation to the community to properly
allocate funds as well ds to satisfy social and human values.

The process must be analytical enough to allow for the classification and interrelation of the expres-
sions —- the wants and needs, the opinions and attitudes ~~ of the many participants. Analysis may provide
a format for dialogue which could result in a greater mutual understanding. '

Without doubt there are many procedures which, when followed, can produce the performance require-
ments for an architectural project. These requirements deal with what is to be achieved without regard to
the physical response and can be associated with established programming procedures. This paper is based
on one such orgonized process for programming.

3. Architectural Programming

Architectural programming can be defined as a process leading to the statement of an architectural
problem and the performance requirements to be met in offering a design solution.

This definition is based on the assumption that problem solving is a valid approach to the design of
buildings. Therefore, if the design is problem solving, then programming is problem seeking. The distinc-
tion between problem seeking and problem solving is central to an understanding of the total architectural

process.
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Essentially, programming is that analytical phase before the synthesis in many design methods. If in
the synthesis phase the parts are put together in a physical solution, in the analysis phase the parts are
identified and their inter-relationships understood without regard to the physical response.

It would seem obvious that in order to solve an architectural design problem, it is necessary to define
and understand the problem itself.

The programming process leads to the statement of the whole problem. This statement is the link; the
interface, between programming and design.

A partially stated problem is likely to result in a partial solution. This would happen when there is
too little information or when not all the form-giving factors have been considered.

4. Considerations

What might these form-giving factors or considerations be? They might be those categories of infor-
mation or of performance requirements which are appropriate for architectural problems.

. The whole problem then serves to point up constituent problems, in terms of four considerations, those
of function, form, economy and time.

" The principle behind the "whole" problem is similar to that of overviewing the "whole" college ex-
amination before starting to answer individual questions. The whole problem must be uncovered and deflned

before starting to solve any parts of it.

If the design of a building is to solve (sub) problems of function, form and economy with time consider-
ations, then programming must treat these as basic considerations by which to classify information.

These basic considerations can lead to :he establishment of criteria for evaluating the programming
package, the design solution and the finished building as well -- although different interpretations will be
used for product evaluations. (Evaluation of performance is not a part of this paper.)

The brief description below of the sub-categories of the considerations are oriented to the information
most appropriately useful in the programming phase. Refer to figure 1.

(1) Function deals with the relationships, the activities, and the numbers and types of people.
It deals with social and functional organization.

(2) Form is used here to evoke questions regarding the physical and psychological environment
to be provided, the quality of construction and the conditions of the site. The physical
environment involves physical comfort needs such as illumination, heating, ventilating, air-
conditioning and acoustics. The psychological environment is so closely related to the
physical environment they may be considered inseparable. However, for the purpose of this
paper, the psychological environment raises questions about the effect of physical space and
its design on user behavior and attitudes —— considering such stimuli as form (shape), scale,
proportion, space, color and texture.

(3) Economy emphasizes the need for early cost control and brings up for consideration the initial
budget, the operating cost and the long-term cost which may ke affected by initial quality
of construction.

(4) Time brings out the factors of change and growth which affect function, form and economy,
Having brought out these factors during programming, time is thereafter considered an
integral part of function, form and economy.

Le
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5. Five Step Process

The search for performance requirements is evident in each of the five stepﬁ of the programming process
which follow:

(1) ESTABLISH GOALS
(2) COLLECT, ORGANIZE AND ANALYZE FACTS
) VUNCOVER AND TEST PROGRAMMATIC CONCEPTS
(4) DETERMINE NEEDS |
(5) STATE THE I;ROBLEM
In this simple procedure the steps are alternately qualitative ar{d quantitative.

Goals, concepts, and the problem statements are essentially qualitative, while facts and needs are
essentially quantitative. For facts and needs the computer could be used as an analytical tool.

It would be good to go through the steps in sequence but in actual practice they may be concurrent --
all but the last step. :

All four considerations interact simultaneously at each step of the process. Refer to figure 2. For
example, the investigation of goals leads to form goals, functional goals, economy goals and time goals.

And if each of these considerations has say, three sub-categories, then it is possible to pose twelve
pertinent questions regarding goals alone. A dozen questions per step can provide some sixty questions
altogether.

The steps and considerations then form an orderly framework for classifying and processing data into
information that comes from many sources, from many participants.

This framework is particularly useful in avoiding information clog when there are massive quantities
of information. )

Another way of coordinating the steps and considerations is to establish a simple matrix. This matrix
can be used as a checklist for missing information and as a device to display the emphasis of information at
each step, Refar to figure 3.

5.1. Step 1: Establish Goals

Goals can be classified as (1) operational geals and (2) project goals. While operctional goals are

concerned with the process of planning and constructing o building in terms of peopie, cost and time;

grojecr goals are concerned with the product in terms of function, form, economy and time -~ and their
sub~-categories.
a. Operational Goals and Techniques

Cperational goals may stem from operational dacisions made by the client/architect teain. The effort
is to identify the best possible results in the following ierms: -
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(1) People:
' {a) Goal to organize for effective team action
(b) Goal to expedite decision-making

(2) Money:
(a) Goal for expected profit on architect's fee
(b) Goal to optimize return on client's investment through effective cash flow

(3) Time:
(a) Goal for expected occupancy date
(b) Goal to compress the project delivery time

_ Operational goals are generally a result of the architect's contract, These goals will affect how the
team will proceed to fulfill the contract and may lead to techniques which would implement operqhonql
goals such as the following: C e

(1) The use of concurrent scheduling procedures (to compress total project delivery time)

(2) The employment of computer services to process materials delivery dates
(to meet expected occupancy date)

(3) The use of systems building (to optimize return on client's investment)

While operational geals and techniques are important to the process of planning and constructing a
building, the emphasis in this paper is on project goals, on the product.

b. Goals and Performance Requirements

No distinction is made here among goals, objectives, aims, purposes, intentions, aspirations and ends.
All of these words are used to mean something to be attained, accomplished or achieved, toward the success
of the project. Goal statements then can be viewed as those performance requirements which need to be

tested during the programming process.

Policy statements may be classified in the goals category since they are intended to guide present and
future decisions and are closely related to goals.

Goals may be derived from the values and beliefs of the participants and from a study of unsettled
issues. The fact that some client/users are not goal oriented (as the organized building committee or the
corporate client) will make their aims and objectives illusive. The information gathered may therefore be

difficult to analyze and to interpret.

However, behavioral scientists are beginning to use their interview techniques and their special
skills in the planning of architectural projects. In interviewing client/users they uncover the users' values,
basic interests and motives which can lead to personal aims and subsequently to project goals.

Goals derived from personal aims will stress the performance expected by the eventual user and may
well include the requirements to meet psychological and sociological needs,
c. Project Goals

(1) Function: Functional goals rely heavily on mission statements and on the philosophy behind

the project,
61
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Mission statements explain the reasons for the project. They answer the question "why?".
They state the purpose of the organization which will guide all subordinate activities. And
they will include the general functions or services to be performed without anticipating
implementing concepts.

Philosophical statements can contain goal information if they are not too esoteric and not
too vague to be directly useful.

Some useful key words and phrases to elicit goals might be: mission, maximum number of
people to be served, human values, such as the sense of identity, priority of an activity
over others, general priority of relationships, desire for efficiency, the goal for interaction
versus privacy,

(2) Form: Goals on form reflect the client's attitudes toward the existing elements on the site,
the desirable psychological environment to be created, the preference for high quality
construction and less constructed space or for lower quality construction and more construct-
ed space, the consideration of neighbors, and the image to be projected.

(3) Economy: Most clients have a limit to their available funds. An economy goal establishes
this limit. If the limit cannot be made explicit and be evaluated, subsequent “recycling"
of steps may result in drastic changes. Another economy goal may deal with the quality of
construction over time which affects maintenance and operation, and in turn affects operat-
ing and long term costs. :

(4) Time: Time goals may be stated in terms of anticipated change and growth.

d. Integrity of Project Goals -
There is another classification of project goals which constitutes a test of their integrity:

(1) "Motherhood" goals: These are unassailable goals; however, they are too general to be
useful . Example: "To provide the school with a good environment for children. "

(2) “Lip-Service goals: These are show-pieces that look good in a public relations publication,
but upon being tested, they are found lacking in sufficient backup for accomplishment. -
Example: "To provide for the social development of the child" -- without ideas to accom-

_plish it. -

(3) Inspirational goals: These are general goals whose ambiguity may well serve to trigger the
designer's subconcious to uncover a design concept. Example: "To project the dynamic,
progressive spirit of the organization." '

(4) Practical goals: These goals may provide guidance to the collection of facts. They are in-
tended to be accomplished through programmatic concepts and may well affect the statement
of the problem.

B

e. Congruity of Ends and Means

The integrity of practical goals is proven by the congruity of ends and means, by the reinforcement :
of goals through implementing concepts. The following examples might show the interrelationships among
policies, issues, values, goals, facts, and concepts.

Policy: To provide for a maximum enrollment of 5000 FTE before establishing a second campus.

b9
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Issue: Whether or not a 5000 FTE campus is educationally and sociologically good.
Value: The worth of the individual as a human being.

Goal: To help maintain the individual student's sense of identity within the large mass of 5000 FTE
students,

Fact: Enrollments in this college will grow from the initial 1500 to 5000 FTE students.

Concept: Decentralized social organization,

5.2. Step 2: Collect, Organize and Analyze Facts
a. Pertinent Facts

* Goals can be used to determine what kinds of facts will be useful and meaningful, Yet it is necessary
to discriminate between immediately useful facts which will influence schematic design and the details which
will be useful at a later phase, :

b. Facts and Performance Requirements

Facts may involve many numbers -- such as the number of students which generate space requirements
in a school. However, facts may also involve statements of conditions presented as having objective reality;
and these generate performance requirements,

c¢. Classification of Facts

Facts must be organized and analyzed to reveal their relative importance. The classification of
facts under function, form, economy and time is a useful way of organizing and analyzing the information.

(1) Function: The space adequacy for the number of people and their activities needs to be
evaluated. The analysis might include:
(a) the physical and emotional characteristics of the people to be served,
(b) .their behavioral patterns,
(c) the special requirements of ethnic groups, and
(d) the characteristics of the community.

(2) Form: Classified under Form Facts might be such important information as:
(@) the analysis of the physical and climatic characteristics of the site,
(b) the evaluation of the form-giving significance of code requirements,
(c) the evaluation of the soil test report and the implications on cost and design,
(d) the understanding of the psychological implications of form.

(3) Economy: One important fact might be based on the mutual understanding by architect
and client of building quality on a quantitative basis -- such as cost per square foot.

(4) Time: Facts in this category pertain to long-term functional and economic projections and

the evaluation of the historical significance of neighboring buildings.

5.2. Step 3: Uncover and Test Programmatic Concepts
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a. Programmatic and Design Concepts

There is a great need to understand the difference between programmatic concepts and design
concepts.

Programmatic concepts refer to ideas intended mainly as functional and organizational solutions to
the client's own operational problems.

On the other hand, design concepts refer to ideas intended as physical solutions to the client's
architectural problems.

b. Examples
Programmatic concept: Decentralize the mass of 2,700 students into three "schools" of 900 students

each.
Design concept: The physical fesponse'to. the programmatic coficept of decentralization above may

be:

(a) The dispersion of three buildings,
{(b) the dispersion/compactness of three floors in one building, or
(c) the compactness of a single buuldmg with three identifiable schools on one floor.

c. Programmatic Concepts and Performance Requirements

Programmatic concepts can be clearly identified as performance requirements since they involve
what is to be achieved operationally without regard to the physical response of design concepts. The
heavy emphasis on performance is a direct result of the client's active participation in the programming
process. It is here that the client can display his most creative thinking. Programmatic concepts may be
used to stimulate inhovation in operational solutions which in turn will later stimulate innovation in archi-

tectural design solutions.

d. Recurring Programmdric Concepts

Concepts can be brought out and tested through the use of "evocative words" which may trigger useful
information. These evocative words may be used to identify recurring concepts which appear as potential
aspects of any project. Examples of concepts are: Flexibility, flow, centralization, integration, priority,
people grouping, orientation and sense of place.

(1) Function: The following procedures might be clues to the uncovering and testing of function-
al concepts.

People: Uncover the physical, social and emotional characteristics of people, as individuals,
in small groups and in large groups.

People: Investigate the sizes and kinds of groups to be housed -~ both in the present and in
the future.

People: Understand the need for humanistically sized groups.

Centralization vs. Decentralization: Understand the organizational structure and the
functional relationships. :

Priority: "Uncover a hierarchy of activities.
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Integration vs. Compartmentalization: Understand the difference between the need
for interaction and the need for privacy.

Flow: Evaluate the flow charts regarding people, vehicles, services, goods and information.

(2) Form: Form concepts may be uncovered through the use of such evocative words as: orier~
tation, sense of place and home base.

3) Economy: The concept of multi-function needs to be evaluated against the required efficienc
Y P b4
for each of the functions intended to be combined..

(4) Time: The concepts of convertibility and expansibility result from the need for functional
change and growth to occur over time.

5.4. Step 4: Determine Needs

a. Space, Budget and Quality
The fourth step determines the feasibility of the project and it seeks to establish quantitative needs
of the client in terms of space requirements, a budget (as predicted for the time of construction) and quality

{as expressed by cost per square foot).

[tis here that agreement must be reached on a definite space program for which funds are available.
The cost estimate analysis must be as comprehensive and realistic as possible, with no doubt as to what
comprises the total budget required. Refer to figure 4.

b. Needs and Performance Requirements

The proposed space requirements and the expected level of quality must be tested against the proposed
budget at this step in programming. The performance requirements must now be expressed in terms of needs
as being necessary and financially feasible as opposed to wants which are desirable but financially unattain-

able.

(1) Function: Under this classification fall the following procedures:
(a) Establish the gross area requirements
(b) Establish the outdoor area requirements
{c) Understand the cost implications of functional alternatives
(d) Evaluate the efficiency ratio or net to gross areas.

(2) Form: The following procedures help to identify the Form considerations:
(a) Establish the quality (cost per square foot)
(b) Consider site influences on cost
(c) Consider factors of physical and psychological environment as influences on the
construction budget. '

(3) Economy: The information classified here involves the following:
(a) Analysis of the cost estimate
(b) Evaluation of initial and long-term costs.

(4) Time: Time considerations involve:
(a) Evaluation of the realism of the cost escalation factor
(b) Consideration of phasing of construction as an alternative in case of imbalance

between space, quality and budget.
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5.5. Step 5: State the Problem
a. Essence and Uniqueness

The statement of the problem is the link between problem definition and problem solving. The
problem, stated in qualitative terms, should bring out the essence and uniqueness of the project.

The essence of the project can be found by evaluating all the information from the previous steps and
by abstracting the most important statements that can be made regarding the whole problem. There should
be a minimum of four statements concerning function, form, economy and time. There should be no more
than ten statements in an effort to reduce the problem to the essential statements about important form givers.
More than ten might indicate either that the project is very complex or that mere details are being used as
premises for design. The statements must deal with the unique, not the universal aspects of the problem.

b. Problem Statements and Performance Requirements

These problem statements,.or.premises for design, should be made in terms of performance, so as not
to close the door to different expressions in architectural form.

(1) Function: The statements regarding function state the unique performance requirements to
satisfy the needs of the client/user, to accommodate the major activities and the relation-
ship among activities. Example: "The purpose of any performing art is to communicate a
thought or feeling in a real or abstract manner. The challenge is to des:gn a building that
will condition the pal’ron to receive that communication.

(2) Form: Statements on form identify and abstract the major form-giving influences on the
project emanating from the site, environment and quality. Example: "Since the structure
will occupy its own city block, it should be handsome on all sides. " :

(3) Economy: Statements on economy deal with an attitude toward the initial budget and an
understanding how this budget will influence the generalized geometry of the project.
Example: "Since the mllllon-dollar budget is merely adequafe the solution should strive

for an economy of means.

(4) Time: Statements on time consider the implications of change and growth on long~range
performance. Example: "The campus must grow, there should be visual unity at each
stage of development."

6. Typical Problem vs. Unique Problem

The solving of a design problem is simplified if it can be defined in the familiar terms of a typical
design problem for which there is a typical pre-determined solution. A typical problem can involve the
rote-application of a hardware system without concern for the user.

However, if the approach emphasizes the performance requituniivis of the user, then these define
a unique problem. A hardware system may then be a part of the solu#iu: but it will be applied in the context
of the whole problem.

6.1. Performance Requirements and Performance Specifications

While performance requirements are defined in this paper as those conditions which must be met by
the entire architectural solution, performance specifications state the conditions which the building's
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hardware systems must meet,

The early use of prefabricated building components was a design solution to a very generalized and
“familiar problem; however, unique performance requirements could not be met with these components.

The use of prefabricated building components was in many cases a predetermined operational decision
and required that the performance requirements would emphasize needs in terms of what the solution could
“tolerate” and would ignore those unique needs that were beyond the capability of the solution. The pre~
conceived solution dictated the definition of the problem.

6.2, The Use of Performance Specifications

In recent years, since the early 1960's, the design solutions resulting from advanced technology in
systems building have begun to be more flexible and to provide a broader response to the performance require-
ments. However, from the point of view of the user there still are these pitfalls:

(1) When the user is removed from the programming process, the use of performance specifica~
tions to obtain a hardware system with which to build can result in a typical solution to
what might be a unique problem -- particularly in the 2nd and 3rd application of the
performance specification.

(2) If performance criteria and specifications are not re-evaluated continually, they tend to
generalize performance requirements and to ignore unique needs.

' (3) Meeting the hardware performance specification and cost criteria can become the primary
concern; the unique user's functional requirements become secondary. Meeting user require-
ments then becomes a casual by-product of the building process and not the primary intent.

(4) The bureaucratic process can tend to abuse the hardware performance specification approach
because it appears to simplify administrative problems in delivering facilities.

6.3. Requirements, Specifications and the Whole Problem

The performance requirements for the project are only partially considered by the hardware performance
specifications. The programming process must address the broader problem definition. In this context, perfor~
mance specifications become a means of defining-very detailed and measurable needs. Together, the perfor-
mance requirements and the hardware performance specifications provide a very strong base for a design
solution to the whole problem.
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Performance Requirements of Housing in Response
to the Life Cycle: A Behavioral Approach

Leon A. Pastalan.
Department of Architecture
The University of Michigan

Ann Arbor, Michigan

This paper concerns the development of a conceptual model deal-
ing with performance requirements of housing in response to the
changing physiological and psycho-social needs over the life cycle
of the user. .

The model relates the range of user needs to the human develop-
ment continuum beginning with infancy and its extension to old age
(100 years plus). Attention is focused on physiological and behavioral
change from development in infancy and young adulthood to deteriora-
tion in old age. Changes over time in sensory acuity, energy levels,
health status and activities of daily living are linked to three
basic propositions regarding residential environments and user re-
quirementss 1) The stimulus function must respond to differential
sensory changes over the life cycle; 2) The orientation function of
residential spaces must have high predictive value for young children
and old people as well as young and middle-aged adults in order to
elicit behavior appropriate to the setting; and 3) Spn~es must be
organized in such ways as to assure the expression of autonomy or
Jurisdictional control over personal space of each user while at the
same time providing opportunities for social interaction with signi-
ficant others.

Cette communication relate la réalisation d'un modéle
conceptuel traitant les exigences de performance de 1'habitation
en réponse aux besoins physiologiques et psychologiques durant le
cycle de vie de 1'usager. .

Le mod&le relie la série des besoins de l'usager au développe~
ment humain continu, commengant avec 1l'enfance et s'&tendant jusqu'a
la vieillesse( 100 ans et plus). L'attention se concentre sur les
changements physiologiques et ré&actionnelles du développement pen=-
dant 1'enfance et 1'adolescence au déclin de la vieillesse. Les
changements durant 1'existence de 1'acuité des sens, des degrés
d'énergie, de 1'état de santé et des activités de la vie journaliére
sont associés 3 3 propositions fondamentales par rapport & 1l'entou-’
rage résidentiel et les demandes de 1l'usager: 1) La fonction
stimulante doit répondre aux changements différentiels de sensation
pendant le cycle de vie;2) La fonction orientatrice des espaces
résidentiels doit €tre hautement prévisible pour les jeunes enfants
comme pour les vieillards de méme que pour les adultes jeunes et
d'8ge moyen aafin de susciter un comportement appropri& au cadre;
et 3) Les espaces doivent &tre organisés de telle fagon que soit
assurée 1'autonomie ou le contrSle juridictionnel sur 1'espace
personnel de chaque usager, tout en fournissant 1l'occasion d'inter-

actions sociales privilégieés.
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Key words: Age and perception; complexity; home range; life cycle;
life space; loss continuum; macro space; mastery; micro space; re-
dundant cuing; sensory acuity; sensory deterioration; spatial sets;
user needs.

1. Introduction

I will concentrate on old age as the part of the life cycle that perhaps best illus-
trates an approach which promises to enhance the ralevance of design by organizing spatdal
requirements around certain ngycho-social and physiological facts of life.

Since the organism can respond directly only to” those aspects of enviromment experi-
enced through the sense organs, age changes in sensory and perceptual mechanisms affect very
real environmental changes in the world in which the aging individual lives. Compensation’
for this loss in acuity is achieved either by 1) enhancing environmental stimuli so that
they may be received by heightened sensory thresholds, or 2) by reducing dependence upon the
affected sensory cues with consequent limitation of the range of behavior. In the latter
instance, the individual learns to adjust to or live in a reduced environment as a result
of his sensory decrement. In the former situation he seeks to modify the enviromment to
make up for his deficiency. )

The reduction of dependence on affected sensory cues with its attendant limitation in
the range of behavior can be viewed as a reduction in life space or home range. The prin-
ciple can be characterized essentially as cyclical. At infancy, life space scarcely ex-
tends beyond the body, it expands as the senses develop and reaches a maximum in adulthood
where it remains relatively stable and then with old age gradually diminishes until ultimate-
1y it stops at the body once again. While it is impossible to forestall physiological
losses or the reduction of home range indefinitely, it is proposed that through consciously
programmed envirormental stimuli and spatial hierarchies this process can be mitigated.

2. Home Range and the Human Development Continuum

Each of us has what may be described as a life space or home range. This concept is
defined as a complex of familiar objects and people distributed in space with meaningful
functions and relationships sensed by the perceiver. The physical dimensions and the com-
plexity of a given person's home range is linked to his position on the development continu-
un. The development continuum refers to the stage of a person's lifetime physical develop-
ment. At infancy, for instance, one's home range scarcely extends beyond the body. If the
infant is warm and well fed and reasonably comfortable, his world literally does mot extend
beyond the skin., He is almost totally unaware of what is occuring around him. He is pri-
marily concerned with his immediate enviromment. However, as a child develops physically
and intellectually his home range begins to expand. For instance, the child begins to make
sense out of his surroundings in his crib, his nursery, and so on. He begins to sort out
the various arrangements of objects and spaces that ho can see and relate to. Soon, as the
child begins to develop an ability to walk, his home range expands even farther, going
beyond the crib and nursery, out into the other rooms of the house. Before long the child
is exploring not only spaces within the dwelling unit but outside as well and he begins to
sort out and respond to areas immediately outside the dwelling unit. Then as he increases
in age and development he continues to expand his home range until he reaches maturity,
where he has almost an unlimited home range in the sense that there can be a large number of
objects and people with sensed relationships that he experiences. Once the person reaches
his full adult capacity, his bome range is fairly stable for a long period of time until
sometime in the 60's. At this point a person begins to experience a reduction in sensory
acuity, health, energy levels, and activities of daily living. There is a whole series of
losses .that occur as a person begins to age. These losses can be sub-sumed under the human
development cortinuum and characterized as a loss continuum (see figure 1). These losses
jncrease in severity with each decade of life after 65 so that essentially between 75 and 85
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the sensory deterioration becomes rather serious. Hearing and vision become real problems.
One's other sensory modalities deteriorate as well. One's health increasingly becomes
problematic. There are other losses that occur such as a diminished level of independence
so that as these factors of deterioration manifest themselves with increasing severity over
time, there is a reduction in one's life space or home range. Viewing the human development
continuum in relation %o the concept of home range, we have what might be called the rukber
band principle, i.e., in infancy the home range tends not to extend much beyond the skin and
as the infant develops, as his intellectual and physical development continue, the home
range expands, not only in physical dimensions, but. also in complexity as well. Home range
hits a plateau in early adult life and remains fairly stable for a long period of time, but
gradually begins to fall off as one approaches the sixth decade of life. If we extend this
to the seventh, eighth, ninth, or tenth decade of life, one may literally end life in total
dependence, typically bed ridden, where one's home range scarcely extends beyond the skin.
So we have what might be described as the life cycle as it relates to the development of

home range.
3. Enviromment as Language

The development and deterioration of the sensory modalities is directly related to the
concept of viewing the envirorment as a language and one's sbility to perceive and respond
to envirommental cues. The enviromment is organized every bit as intricately and system-
atically as any spoken language. It has a system of cues that tell us how to respond to
particular situations. However, the enviromment cormunicates meaningfully only to the degree
that the cues which are sent out can be received and perceived by an individual. First of
all, our sensory modalities have to be developed well enough so that they can receive the
signals. If, for instance, the sensory modalities such as hearing or vision are deteriorated
to the point where the message cannot get through, then the person cbviously cannot respond
appropriately. For instance, if there is a stop sign at an intersection and an elderly
person cannot perceive the stop sign as a stop sign, he is not going to respond the way he
is expected to. He doesn't perceive it; thus he can't respond to it.

In response to factors regarding the developmental continuum (from physi.cal develop-
ment to deterioration and the expansion and contraction of home range) we postulate that
the housing environment ought to be organized in terms of at least the following three di-
mensionss Organized Space as Stimulus; Organized Space as Orientation; and Organized Space as
Mastery.

4. Organized Space as Stimulus

Qrganized space as stimulus involves the principle of getting the message across large-
ly through stimulation. The problem is to get the visual, auditory, thermal, and olfactory
messages through to the receiver. What is suggested here is a design concept called redun-
dant cuing. Redundant cuing simply means beaming the same message through more than one
sensory modality. For instance, we frequently get the message that it is winter because we
can see the snow on the ground, or ice on the pond. That is a visual message, but we don't
stop there. We get messages in terms of our other modalities as well. We know that it is
winter because it is cold and we can feel it, we can sense the snow crunching under foot,
amd we can hear the wind whistling in our ears. We kmow that it is winter not only because
we can see spow or ice, but we can also feel the low temperature, we can hsar the wind and
50 on. The same message---it is winter---comes through in more than one modality. The
principle called for is to sensorally load the enviromment so that the message overcomes
these heightened thresholds of the elderly persons' sensory modalities. In this way the
enviromment again becomes a meaningful language and appropriate responses to it are feasible
once more.
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5. Organized Space as Orientation

Organized space as orientation is a design concept which seeks to organize space for
its predictive value. The idea is that, in general, a space should have a singular and un-
ambiguous definition and use. Again, the purpose is to compensate with envirommental ar-
rangements for lessened sensory acuity. The concept has several important dimensions. In
terms of orientation, the spaces are cued with landmarks which act as focal points for
functionally different spaces. For example, color coded surfaces to signal functionally
different spaces in terms of visual perception, textured surfaces for the tactile sense, and
So on. The purpose is to sensorally load the spaces so that they may more effectively serve
as points of reference. Another dimension of this concept is to organize spaces around three
distinct spatial sets: personal, social, and public. It has been observed in my own re-
search and research activities of others, that in situations where personal spaces and social
spaces have been lacking and where the elderly have been forced to. combine personal, social,
and public spaces, friction laden encounters have occurred ovsr the functional values as-
signed to space. '

Spaces which denote private uses such as toileting, sleeping, certain medical procedures
plus other activities. such as reading, thinking, letter writing or Jjust plain withdrawing
from others to do things alone, should be distinctly bounded. Spaces for social and public
uses should be similarly treated. These spatial sets with distinct boundaries not only pro-
vide options for the different functions at any given time but also signal the appropriate
uses of each set and provide a contextual relationship between and among these oots.

6. Organized Space as Mastery

Organized space as mastery is a concept with at least two important dimensions. The
first has to do with designing spaces which facilitate individuals with reduced abilities
to claim and defend such spaces as their own inviolate spheres. This would ks equally true
for young children, elderly and others that may for one reason or another bs vulnerable.
The idea is to make it as difficult as possible for staff persomnel (if institutional) or
family (if home) to presume a form of spatial deprivation. Studies have shown that where
persons have actually suffered a loss of control over their personal spaces they have under-
gon2 seriously destructive personality changes. Possession of a tangible plece of space
seems almost essential for one's identity.

The other dimension has to do with scale and mastery. Scale in this case refers to
nubers of people and size in terms of spatial dimensions. The loss continuum indicates
that with increasing age an individual's world shrinks so that over time one's ability or
willingness to master relationships with larger nwmbers of people and/or larger or more
complex spaces decreases. .

' 7. Macro-Environment

Basically, as ons moves across the continuim from less severe to more severe losses,
the more crucial the concgpts become. The applicability of these concepts range trocm the
micro-level of the dwelling unii to the macro-level of the neighborhood, commmity and
beyond. Accessibility to services and support systems such as shopping, transpcrtation
chwrch, friends, family, safety, etc., are of prime importance in terms of the macro level.
Space and scale in terms of mastery are also applicable here. The scale of a neighborhood
that a person typically has to relate to frequently is too large and complex for vulnerable
populations with reduced cepacities. In other words, a scale that may be well-suited for
the mature, fully functioning adult may not be well-suited for a young ch,_}ld or an elderly

person. ..
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8. Micro-Environment

The micro level primarily involves enclosed spaces within the dwelling unit. Here we .
are concerned with stimulus factors including the whole area of lighting, textures, acoustical
balance, density, and overcrowding., Spaces must be organzied in terms of an intelligent
orchestration of these various dimensions if the built environment is to be fully supportive
for this special population. .

In terms of orientation, there is need to organize personal, social and public spaces
in relation to the concept of prediction of space use; we must eliminate ambiguity from
conflicting definitions and uses of personal, social or public spaces.

Lastly, we must assure the individual control over an inviolate space (personal space)--
a space that others may not presume to deprive him of must be a part of the environmental
design. :

9. Conclusion

What has been discussed here is an attempt to identify some of the parameters asso-
ciated with designing housing environments in relation to the life cycle. Much of the dis-
cussion has centered on the last half of the life cycle because that is the area where most
of my research has been focused. While many of the concepts advanced in this paper are
essentially propositions to be further tested, it seems that. they are ompelling emough to
warrant serious consideration by others. What is suggested here is an approach that will
enhance the relevance of design by organizing spatial requirements around certain psycho-
social and physiological facts of life. We must recognize; for instance, that an 80. year
old person cannot handle the same level of environmental complexity as a 25 year old; that
sensory dsterioration can be compensated for with properly intensified and orchestrated
stimuli; that life space or home range is largely a function of one's position on the human
development continuum, and that this position has a-lot to do with the types and amounts of
space needed; that greater attention should be given to using sensory modalities other than
vision and audition in more effectively cuing designed spaces; that level of mastery in terms
of scale seems to be age related and should be accounted for in terms of design; that the
very young and the very old spend most of their days within their dwelling units; and that
thought must be given to what needs to be compensated for in the total enviromment because .
of these limitations.
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PERFORMANCE OF SYSTEMS OF CONSTRUCTED FACILITIES
by

A.C. Lemer* and F. Moavenzadeh**
Department of Civil Engineering
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

The performance of a constructed facility must 'be
evaluated in terms of the facility's role within the larger
goc1al—economic—political system of which it is part. It
is suggested that performance may be measured in terms of
three principal parameters: serviceability, reliability,
and maintainability. Serviceability is the degree to which
the facility provides satisfactory service to the user,
here understood to include a broad range of the recipients
of benefits of the facility. Reliability is the probability.
that service will be adequate throughout the design service
life of the facility. Maintainability is a measure of the
degree to which continuing effort is required during the
service life to keep serviceability at an acceptable level.
This approach emphasises the user as a basis for evaluation,
and the need to consider the entire service lifetime of :
a facility in decision. The implementation of procedures to
permit usage of these parameters in decision-making requires
application of techniques from psychology -and economics,
and from probability theory.

11 faut évaluer la performance des réseaux raccordés, en termes
de r6le du réseau d l'intérieur du systéme social, politique et
économique dont il fait partie. 'On propose que la performance soit
mesurée en termes de 3 principaux paramétres: capacité de service,
fiabilité et aptitude & la maintenance. La capacité de service est
le degré satisfaisant de service fourni par 1'installation & 1'usager,
et par ce dernier on entend une large série de bénéficiaires de
1'installation. La fiabilité est la probabilité que le service
rendu sera adéquat pour toute la durée de 1'installation prévue par
le projet. L'aptitude & la maintenance est la mesure du degré d'effort
continuel demandd pendant la durée du service pour maintenir ce service
i un niveau acceptable. Cette attitude met 1'accent sur l'usager comme
base d'évaluation et sur le besoin de considérer.la durée totale de
service d'une installation i choisir. La communication décrit ces
paramétres et leur utilisation et suggére des techniques pour leur
application. Les méthodes proposées permettant 1'usage de ces
paramétres pour la prise de décisions utilisent les techniques de
psychologie et des sciences économiques de méme que la théorie des
probabilités.

Key words: Maintainability; measures of effectiveness; multi-
dimensional decisions; reliability; subjective evaluation. -

-
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1. Introduction

Systems of constructed facilities -~ highways, bridges, office buildings,
houses, etc. - are physical units which must be planned, designed, built,
operated, and maintained, subject to complex and often far-reaching 1nteraction
with the social, polltlcal, ecological and economic systems which they serve.
These physical units with their typically large size and long service life-
times, represent major commitments, not only in the conventicnal economic
terms of capital, but also in terms of future social and political possibil-
ities.

Resources are required for constructed facilities: comwvitments are made

through allocations of resources to particular activities. *~r  articular
activities - undertaken as construction, operation, and mainta:nans+e - in turn
determine the form of the facility and the manner of its creat - and thus

the manner in which the facility provides the services for which it is intended.
For example, the selection of concrete or steel structure and the manner of
erection, the selection and installation of mechanical systems, the frequency
of 1nspectlon, size of parts 1nventor1es, etc., may influence how satisfactory

a high rise apartment building is for its residents.

Design decisions include the problems of accomodating activities, and
allocating resources. Decisions are made through comparison of an action's
anticipated performance and its costs. Costs are the evaluation of resource

‘requirements for an action, while in-use performance is an evaluation of

service. It may in fac¢ct be suggested that the goal of design decisions is

to provide a facility which will exhibit qualities of satisfactory performance
throughout its design serv1ce life, in an efficient manner. Eff1c1ency is a
relative term, comparing“the level of performance achieved with.a given
magnitude and distribution of resources, by any particular facility configur-
ation, with the level achieved through other possible configurations using the
same resources. Thus, at any given level of resource usage the achievement
of the best performance possible is a design objective.

It is necessary then to have an operational definition of performance and
tools for implementation of this definition. This paper is intended to
explain and illustrate a concept of performance as a decision variable for
systems of constructed facilities.

1.1, Pérformance befined

The central point of the concept of performance to be presented here is
that the purpose of the facility is to provide service to the.user, where- the
term user is broadly defined, representing the active components of social, 1
political, and economic systems with which the physical system interacts, (1)
Pursuing this line of reasoning, it may be argued that the facility may be
viewed as an economic production process, i.e., supplying service to users,
subject to user behavior as characterized in. demand. Satisfaction of demand
(the user) is then another test of the goal of selected design decisions.

Demand may be represented as a function of the price and quality of
service. Setting quality of service is the concern of design decisions, and
its inclusion in the demand function is often proposed by economists but
seldom undertaken (see References 2 and 3, for example). Where Q is the
quality of service demanded,

= Q(PIY) [}

Isee literature references at end of this paper.
6U
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with P and y referring to price and service characteristics respectively.
The average cost of a particular facility is a function of level of usage
and characteristics of service, sO .

c = c(Q,y)

On the orinciple that society receives the greatest benefit when all goods
and se. sices are priced at their true cost, it may be argued that efficiency,
as mgntwoned previously, becomes a case of profit maximization, where profit
is given as

7 =P Q(P,y) -~ Q c(Q,y)

All functions are assumed to be continuous and differentiable.

) Taging partial derivatives of the profit function and with some subs titu~
tion, it may be shown that profit maximization occurs when the following
condition is met:

-

3s _
3y o K

oia

n is the price elasticity of demand, a standard guantity in economic demand
analysis, giving the change in demand relative to a change in price. K'is
defined as .

K:.a_.c..

’

~
Qe

the fractional change in average cost in response to a change in physical
gualities of service.

§ is defined as the serviceability of the constructed facility. Service-
ability is a measure of the degree to which adequate service is provided to
users, and is evaluated as the fraction of potential users likely to find
the facility's service to be adequate. That is, as a design variable, S = S(y).
Serviceability is then a component of performance, and is estimated through
application of techniques derived in psychology and economics, based upon
concepts of utility theory. (1,6)

The above argument is based upon assumptions of a single unit of time
and of certain knowledge of future characteristics of service. However,
adequate service must be provided throughout the designh service life of a

- facility, so behavior must be predicted. Such predictions are essentially

uncertain. These uncertainties are generally neglected or obscured through
such devices as single number safety factors. It is proposed here that un-
certainties must be explicitly recognized in decision if adeguate service is
to be delivered. Reliability is tiius presented as a second component of

performance.

- RPN T

Reliability is the probability that service will remain adequate through-
out a facility's design service life, that no premature failure will occur.
That is R(t) = Prob [s 2> S.]1, t < T < Tp, where t is the present time, TD
is the end of the design sersice life, and Sf is the minimum acceptable .
conditions of serviceability, the failure level. The condition S > Sg permits
definition of a set of service conditions y*, such that S(y*) < Sg, which
denote failuu:. in design terms.
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These conditions may in turn be translated into measurable attributes of
the facility, y* = B(X*). For example, comfort in a housing unit (associated
with user satisfaction) may be predicted as a function of effective temperature
(y), which in turn is a function B of temperature and humidity (X). Various
types of engineering models will then permit prediction of these measurable
attributes as a function of service loads (for example, climate conditions)
and the system's ability to resist those loads (insulation and heating equip-
ment). This prediction is made in a probabilistic manner, permitting estima-
tion of reliability at desired levels.

The final component of performance proposed here is intended to give
explicit consideration to the timing of activities, to the opportunities for
modifying decisions throughout the design service life. Maintainability is a
measure of the degree to which continued action is required throughout the
design ‘service life to assure that service is adequate. The broadest class
of such action is termed maintenance. '

The key to evaluation lies in the idea that if these actions are truly
effective and necessary, their neglect will be expected to lead to loss of a
portion of the facility's design service life through the occurrence of
premature failure. The measure of maintainability is the inverse of the
expected value of this time lost as a fraction of the design service life.

It may be seen that reliability and maintainability are closely related,
(the attribute.indicator: life cycle cost) as there will be a direct
correlation between the probability that failure will occur before the end
of the design service life and the expected time at which a failure will occcur.
Taken together, reliability and maintainability provide a measure of the
availability of a facility's services in the future. For maintainability
is in effect the expected fraction of time lost, conditional upon the
occurrence of failure, which in turn is associated with the probability 1-R.

Performance is then described in economic terms of three components:
serviceability, reliability, and maintainability. Together, these three
components provide an evaluation of a facility's current qualities of service
and of the likelihood that this service will be adequate throughout the
remainder of the design service 1life. fThese three components will now be
examined in more detail, with emphasis placed upon means for their implemen-
tation. . :

1.2. Prediction and Evaluation of Economic Performance of a System

Serviceability has been described as a measure of the degree to which a
facility provides satisfactory service to users. It will in general be a
multidimensional function, reflecting the varied factors upon which the users'
judgement will depend. In practice, serviceability will be characterized ’
by a set of component subscales, each stating the fraction of users likely
to be satisfied as a function' of parameters, termed indicants, serving as
proxies for the actual judgemental factors. Essentially, there are three
steps in the process of obtaining the serviceability function. First one
must identify the factors which the user considers in making judgement, the
subscales of serviceability. Then, one must find suitable indicants of users'
response on these subscales. Finally, the actual scaling of serviceability
as a function of these indicants must be made. Identification of component
subscales may be undertaken through interviews of prospective users, liter-
ature surveys, introspection, etc. An effort must be made to compress all
of the myriad considerations pertinent to judgement of a facility into the
essential descriptive subscales of judgement. This effort may be assisted
by computerized techniques for finding problem structure (see for example
Alexander & Manheim (4)). Figure 1 suggests subscales of serviceability
for urban housing.
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When component subscales have been identified, suitable indicants must
be found to permit measurement. For example, climatic comfort in housing
may be predicted on thc basis of effective temperature, a parameter combining
the effects of temperaturé and humidity. One may -then proceed to develop
the subscales of Serviceability as a function of these indicants.

For subscales which depend primarily on subjective judgement by direct

"users, the scaling may be undertaken by means of psychometric methods such

as are reviewed by Thurstone (5). Potential users may be asked to rate their
response and to indicate preference to particular service conditions in
contrast to others. Examining a number of individuals in this way, a
statistical sample is built up, permitting an estimation of the serviceability
function, on the single siubscale. Figure 2 presents such a subscale for
physical comfort as a function of effective temperature.

In more objective situations, for example the structural integrity of a
building, the scaling may be done as an exercise in judgement. The range of
possible loads on the structure are estimated, with the likelihood of their
occurrence. Arranging these loads into a cumulative probability dlstrlbutlon,
the form of a serviceability functlon is derived. R

0f course, using techniques such as those discussed above require repetition
for each component subscale of serviceability. A quite promising approach,
as yet untested, may possibly be adapted from an advanced technique for
market research (6). This technique permits the simultaneous extraction of
components and a serviceability function relative to the.z components, using
simple preference ordering data. That is, individuals are asked to compare
alternative service situations, without conscious regard to the particular
judgement factors that might be involved, and indicate preferences. Computer
algorithms are now available to analyze these data, in a manner similar to
factor analysis, for the variables required to predict the indicated prefer-
ence orderings. Statistical methods may then be used to find physical
qualities of the facilities which correlate closely with the prediction
variables found, and thus may be used as indicants of serviceability.

In all cases, Serviceability is predicted assuming that the physical
characteristics of service are known with certainty. Such is not the .case
however, and modification must be made for the uncertalntles inherent in the
physical system. Hence reliability is introduced as a component of performance.

Two basic approaches to the estimation of reliability for constructed
facilities may be identified. The first of these might be referred to as an
analytical approach. In this case, one has definite mathematical statements
relating service demands placed on the system to resistance of the system to
these demands, for each possible failure mode, as a, 6 function of approprlate
loads and system characteristics. A major advantage of such an approach is
that one can explore relations among variables in an orderly’ manner, and so
perhaps devise functional design methods.

The second -approach might be termed an activities approach. One will try
to describe the chain of events which occur, leading eventually to observation
of failure in a particular mode. This approach may be used when analytical
models are not available, and represents an application of a statistical view
of failure. That is, it is not necessary to know why failure occurs, simply
that when certain conditions are observed, failure may soon follow.

These two approaches may of course be used jointly, either in series or
parallel application. 1In series, an analytical model may be applicable until
some limit is reached, at which point probabilities are predicted by an
activities model. For example, an elastic model may prove adequate for
predicting deformation in the floor of a building, until a crack occurs.

A parallel application may be warranted when there is more than one physical
process through which a particular failure mode may occur.
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In practice, the analytical approach will often be followed through
application of the techniques of Monte Carlo simulation (7). The input
variables for the analytical model are stated in terms of statistical distri-
butions of their values. By means of computerized "experiments" (computer-
ization is, of course, not required but is gquite helpful), samples are drawn
from these distributions and the output of the model computed. Given a
sufficient number of such experimental samples, a statistically valid estimate
of the distribution of output is produced. This output distribution may
then be used to estimate the probability of failure in the particular mode
in guestion.

A computationally convenient and often quite reasonable means of following
an activities approach is found in the Markov process. The chain of events
leading up to a failure in re-~cast into a state space. A state is a description
of the condition of the facility in terms of appropriate qualities and such
historical data as may be required to predict future behavior (8). A collec-
tion of all possible states comprises the state space. For example, a proper-
ly working heater and exterior temperature in the range of 10°F to 30°F might
be one state description in a model investigating physiological comfort in
housing.

The special characteristic of a Markov process is that all that is needed
to predict future states of the system is a knowledge of the current state.
That- is, one does not need to know how the present state was reached. For
example, if one can predict the likelihood that a house will become dilapidated
in five years, given that certain conditions are now observed regardless of
how or in what length of time these conditions occurred, then the aging of
the house may be representable as a Markov process.

Through the use of such approaches to the stochastic prediction of life-
time behavior of the constructed facility, one may compute estimates of the
probability of occurrence of various modes of failure, and thus the probability
of their non-occurrence, which is the .system's reliability. Closely related
to this parameter is the third component of performance, maintainability.

As explained, maintainability is defined relative to the design service life
of the constructed facility. Measures of maintainability may be stated in
terms of a fraction of the service life to be lost.

If an unexpected failure..occurs, a certain amount of time will be lost,
depending upon the seriousness of the failure and the provisions for repair.
To the extent that normal maintenance is effective, its neglect would be
expected to lead to a premature failure, with a similar associated time lost
from the design life. The basic measure of maintenance is then proposed as
a ratio of the design service life to the possible time lost in normal
maintenance and repair maintenance situations. The coefficient of maintain-
ability so defined may be understood as an estimate of the number of times
a facility could fail before the design service life would be exhausted.

1.3. Example of Service Life Prediction

Figure 3 shows the trend of serviceability as a function of time which
might be expected for urban housing. Such a trend is representative of the
phenomenon observed in housing, termed filtering (9).

In filtering, a housing unit which starts its service life as high gquality,
high income ‘housing will, with time, lose some attractiveness. It will
depreciate to become middle income housing. With additional time, the
housing moves to lower income and perhaps to slum conditions. That is, losses
of serviceability on particular component scales will imply dissatisfaction
among a particular, identifiable faction of the potential users. In typical
urban settings, each of the three use levels spans a time period of 20 to 50
years, giving housing a total life of on the order of 100 years (10).
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Examination of such statistics leads one to a preliminary conclusion that as
housing is designed, the early resident has a highly reliable and grossly
overdesigned system.

The definition of usage levels and failure levels presents questions which
will require some careful thought. The modeling of lifetime behavior and
computation of reliability and maintainability may be carried out in a multi-
stage manner, handled separately for each defined level of usage. It might
be found desirable to design houses like autos, to be discarded after some
particular average service life. These and similar problems must be faced in
modeling the lifetime behavior of this system.

2. Conclusion

A conceptual structure and operational approaches have been presented to
describe a user-based economic concept of performance for constructed facili-
ties. Performance, a term referring to the manner in which a facility ful-
fills its goals ir-relation to the social, political, and economic systems
which it serves is characterized by three components - serviceability,
reliability, and maintainability. Together, these components given an evalua-
tion of the present qualities of service and the likelihood that service will
remain adequate throughout the facility's design life. .

This concept of performance hads been implemented for the case of highways
(L, 11), and although work remains to be done in this area, the results
suggest the practicality of these ideas. The example presented here, urban
housing, has not been carried out so far, but it too shows promise. It would.
seem that further work in this area would be of great value by permitting,
and indeed encouraging a working understanding of the influence of constructed

‘facilities upon their users and thus upon society.
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Trhe Ralationship of the Performa.ir» "nicept to the Planning
Process--Developing Perfor:i-.:e nequirements for
Community Mental “«<ith Centers

David B. Hazttis¥®
1904 R Stwent, H. W.
lashirpton, D.C. 20000

The p2rformance cons:pt 1s best explained as the .
description of a sysien in terms of its output rather than
its parts. When this oucept is applied in the procure-
ment process of any system, the formal instrument used tec
effect the procurement is a performance specification.

Several advantages of performance -specifications
over prescriptive specifications .« ‘e been suggested,
particularly in the are~ " aconomy and technological
innovation.

‘nen applied to b. performance specifications
can be used at various . . of elements or systems, thus
producing a "hierarchy of performance.” It has been found

*nat when used at a particular scale, the need to define
> scope of the system of a performance specification
Juires the prescription of elements at the next higher
‘Les.,

There are several criteria for determining the scope
of a system to be used on any particular project, but in
general it is easier for "clear" building types than for
"ambiguous" ones.

In attempting to defins the scope of a system for
"ambiguous buildings," one often finds oneself substitu-
ting the question "What is a house?" for the question
"#ow should a house perform?" The former question leads
to concern for earlier decisions in the planning process.

# Consultant, formerly Systems Research Architect at the
llational Bureau of Standards.
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Le concept de performance s'explique comme la description d'un
systéme portant sur son rendement plutdt que sur ses cemposants.
Quand ce concept est ctilisé comme un &lément formel du procédé
d'acquisition d'un systéme, 1'instrument utilisé pour effectuer une
telle acquisition est une spécification de performance.

Les spécifications de performance ont des avantages prononcés
sur les spécifications prescriptives, particuli@rement dans les
domaines de 1'économie et de 1'innovation.

Appliquées a la construction, les spécifications de performance
peuvent 8tre utilis@es i différents niveaux d'&léments ou de systdmes,
produisant ainsi une hiérarchie de performances. S'ils sont utilisés
a8 un niveau particulie:, les &léments du niveau supé@rieur doivent
étre prescrits, définissunt ainsi 1'étendue du systéme de spécifica~
tion de pexformance.

I1 y a nombre (2 critéres pour déterminer la portée du systéme
d utiliser dans un projet particulier quelconque, mais, en général,
c'est plus facile pour un type "&vident" de bAtiment que pour un
type "ambigu''. ~ ‘

En essayant de définir la portée d'un systé@me pour des b3timents
ambigus, on se trouve scuvent obligé de substituer la question:
"Qu'est-ce que c'est qu'une maison" & la question: "Qu'attendre

d'une maison". Cette question am@ne 3 s'inquiéter des décisions
antérieures de plans en cours.

La Documentation pour 1l'aide & la planification (PAK) des
HOpitaux psychiatriques, rassemblée par le National Bureau of
Standards pour 1'lnstitut de Santé Mentale, illustre le point
ci~dessus, et son développement est briévement examiné.

Key words: Buillding prcaurement; building systems;
nosrital planning; office hulldingy performance.

1. Introduction

This paper presents a discussion of the relationship between the per-
formance concep: and the planning process as a whole, when the latter is
unierstood in its broadest sense to mean society’s process of deciding on the
allocation of resources and effort to effect some agreed upon end which may
include envircimental manipulation in general and building in particular.

The paper consists of two 'rincipal parts. The first is theoretical and con-
ceptual, and tries to demonstrate how a rigorous and pervasive implementation
of *he performance concept in building will inevitably lead to concern for
the broader issue of the planning process. The racond part is descriptive of
a particular project--The Planning Aid Kit (PAK) for Community Mental Health
Centers--, a prnject which began with the performance concept and ended with
proposals to systematize the planning process itself.
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2. The Performance Concept and The Planning Process
2.1 Definition and Advantages
Zi1gewhere in this collection of papers will undoubtedly be found several

definitions of the performance concept. It is not this author's intent to
offer ancther definition, but rather to convey its general sense., The per-

- formance concept may bs explained as the description or specification of a

system in terms of its performance as output, or as the service it is to pro-
vide. In tnis way performance is distinguished from prescription, which
describes or specifies a system by a complete detailirg of all its parts and
the relationships between them.

When the system described in terms of its performance is a product of
some kind, such as a tuilding or a part of a building, and when this des-
cription is applied in the system's design or procurement, the formal instru-
ment or documcnt used is a performance specification. ’

Some of the advantages claimed for the use of performance specifications
ove: prescriptive specifications in product procurement are the following:

a. encouragement of cost economies by increasing
“he range of possible design solutions, and
thus broadening the basis of competition

v, preomotion of technological innovation
c. opportunity for greater quality control

¢. provision for expressing the needs of the
system's users in its procurement process
(since presumably the users' need for the
system's output is their reason for pro-
curing it in the first place), thereby .
helping assure a better fit between the
system and its users' intent.

2.2 Scales of Application of the Performance Concept

Elgsewhere in this series of papers, authors will undoubtedly discuss
the different scales at which the performance concept may be applied in
building--the "hierarchy of performance" as it has been called., It is clear
both philosophically and practically that any syster ©:y be viewed as cr
sisting of parts or subsystems, while at the same tine itself beiny a p:
or subsystem of a larger system.

To use an example from building, one may consider .«¢ systems in a
growing order of scale the following:

a. a fluorescent tube

. a luminaire

cen @ ceiling assembly producing illuminatiecn as one cf

its attributes ‘

d. a room with specific illuminated environment as one
of its attributes

an environment where illumination provides vneople
the opportunity to carry out a certzi+ activity
(e.g., reading a textbook) °

Qerner
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f. a situation within which people perceive and
manipulate certain information to achieve a
purpose (e.g., learning in a school situation)

Though beyond the scope of this paper, an appreciation of this hierarchy,
incidently, may go a long way in clarifying the issues of the currently
fasnionable debate of "closed systems versus open systems.” An "open" system
is defined as one whose interfaces between subsystems allows the substitution
of a number of different zlternatives for each subsystem without changing the
system’s performance as a whole, In a "closed" system such substitution is
not possible, and thus there is only one set of subsystems ti:.: s0 together
to make up the system. Strong claims are made for each., Bu' .i.w one may
consider other possibilities, such as an "open" system each of whose sub-
systems may be a "closed" system, a "closed" system which is itself a sub-
system of a larger "open" system, an "open" system which is part of a larger
"closed"system, etc. (The author is indebted to Thomas E. Ware of the
sjational Bureau of Standards for these examples.) In light of all these’
z1lternatives, and their implied qualitative and quantitativs differences, the
surrent debate is very meagre indeed, and has in this authcr's opinion been
z1ib, superficial and has led to premature and irrelevant conclusions.

2.3 Definition.of Scope of System

. Tne ztove dlscussion of the hierarchy of performance bears on another
currer.’ debate--performance ver:s:.: pregcriphrive specification.

When performance specifica-icns are emiloyed to gpecify the attributes
of a system at a particular scale, then they mugt Le complemented bv imvolicit
or explicit prescriptive specifications_of the next hirher scale, if the
system procured by means of the performance sgecification is to form a viable
part of a final building. Another way of expressing this idea is that the
determination and definition of the scope of the system whose performance 1is
to be specified, and the definition of the interface of that system with
other elements to successfully make up a total building, are themselves pre-
scriptive specifications. The various well known schoolhouse system perfor-
mance specifications (SCSD--School Construction Systems Development,
california, SSP--Schoolhouse Systems Project, Florida, SEF--Study of Edu-
cational Facilities, Toronto, RAS--Recherches en Amenagements Scclaires,
Montreal) have, for examrle, specified adherence to a 5 foot (1.5 meter)
ortnogonal planning grid, a rectangular building configuration, and a 2 or 5
story limit on neight--all o: which are clearly prescriptive statements.
Similarly, the Public Buildings Service (PBS) Performance Specification for
Office Buildings, co-authored by the present author at the US National
Rureau of Standards, specified a rectangular bullding plan, interior location
of a rectangular building core element, a 5 foot (1.5 Meter) planning grid,

a minimum and maximum number of stories, and a given percentage for net
utilization of space--which are all explicit prescriptive statements.

In applying the performance concept to the process of procuring building
systems, or built environments, a decision must be made at what scale to
define the system whose output is to be specified. In other words, the scope
of the system must be initially prescribed.

How is thi: scope determined, in order to maximize the benefits of per-
formance specification as listed earlier? There are ‘three inter-related
igssues affecting this decision. . .

The first issue is the existence or :umi-existence of objective means of
evaluaticn of proposals submitted in response to such a specifization--if
such means do not exist at a particular scale of system, the system’s scope
must be reduced. As stated by Robert Blake and Michael Brill,
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"I performance specifications are to be a viable market instrument of pro-
curement of building hardware, they must include three kinds of statements
for each attribuwve speeified: a requirement, a criterion and a test of
evaluation means, (personal communica+ion)."” The latter must be specific
soltition~indevendent if 1t is to be objective in verifying compliance of diff-
erent solutions with each criterion. If such a test does not exist at a
certain level, clearly 2 perform~nce gpecification cannot be employed at that
level. To follow the earlier example, it may be 2asy %o Jevise an objective
fegt for the quality of illumination in a room, while 1t ig debatable

Whether such a teS®t may be devised for the gquality of output of a schoolhouse
or an educasional situation.

The second issue i85 the ability of proposers to respond to a specifica-
tion at a certain level-~if it is anticipated that such response will be
limitesd at a given scale of system, the system's vcope must be-adjusted. As
the scope of the system grows in the hierarchy of parformance, the nature of
tyradnaffs <o be made in arriving at a proposal increase in scope and in range
of disciplines involved. The emergence of multi-discipline organizations
capable of responding +0 performance specificxtions is recent and limited.

The bemafit of increased competition offered tr performance specification
wauld quickly disappear if response were limifted to a handful of "all-knowing"”
gilants, .

ssue ig the time and budget at the disposal of a particular

i s an-icipated that the performance-based procurement of. a
system at a particular Scale will exceed the available time and budget, the
syster's scope must be adjusted., For example, while full-scale field testing
or acoustiic performance of buildings is both technically feasible and well
within +the capabilities of a large number of potential proposers, several of
the projects mentloned earlier were pressed by schednule and budget consider-
ations %o substitute laboratory testing of assemblies, representing a lowe:
level on the scale,

Thne third
+

Project--~if i
i
™

2.L " Process Implications

he use of perfor~ance specification as an instrument in the building
process requires some modifications of that process. terformance regquires
tyaditional process participants to ndertake new roles, or to revise the
~~nedule and order .f their participation., For example, architects and -

designers may be required to work for product manufacturers in their preparar

L)
tiont of proposals responding to performance specifications. Furthermore,

roles for new participants are established. For example, testing lubora-
tories play a decisive role in the evaluation of proposals.

finally, maragement, schedules and legal relationships must often be
aripulated, changed and redefined to accommodate use »f--performance speci-
jecations. For example, the signing of procurement c-ntracts for building
1ements before actual buildings are finally designed, and the code com-
1i
ic

ip oy 3

1 iance approval of byildings at a schematic stage in their design, are both
n in legal and managerial implications.

e

These procecs impllications have been written about extensively elsewhere
(e.2., Performance Specification for Office Buildings, by Hattis and Ware,
lws Report 10 527, January 1971), by those who have implemented performance~
based procuremen® projects for building systems, and are not the subject of

" this paper. It is rather recisely those projects' point of de arture--the
p p p p

determination of the scOpe of the system to be so procured, and the need for
prescriptive specification at that poin%, as discussed earlier--which raiges
planring process implications which have not baen extensively discussed or
written about, and which leads tc the balance of this paper.
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It was an examination of two projects of vperformance-based procurement
of building systems as to how they established the scopes of systems to be

procured wiich spurred the author’s concern with this issue.

The University Residential Building .System project (URBS) aimed at ascer-
taininz and fulfilling the needs of the users (in this case, students residing
in dormitoriesg)--such as the ability t4 ‘exercise some control over the appear-
ance and finish of the students’ rooms. Yet it seemed to take for granted
that the dormitory was the correct residential setting for students in the
firs+t place. The URES performance specification could not procure any other
kind of residential setting.

The PES office building project (mentioned earlier) aimed at rigor and
comprehensiveness. Yet one might legitimately ask why such rigid limitations
.as rectangular building plans, interior cores, etc. were imposed.

Mow, both projects had not determined the scopes of their systems
arbitrarily or lightly. All the issues affecting this determination (as
discussed earlier) were addressed. Prescriptions were ‘based on historic
precedent (e.g., 90#-plus of all recent office buildings were found to con-
form %o the prescriptions).. o

Yet tLne guestions raised  have a nagging persistance. Why couldn't the
performance concept offer a much' wider range of options? T ‘ .

2.5 (Clear 'versus Ambiguous Building Types

It would appear *hat>building types as we know them today, and as we use
names to describe them--housing, schools, office buildings, hospitals,
etc.--fall into two categories, a "clear" category and an "ambiguous" one,
for any particular period in time.

. fanec)

‘4 bullding type can be thought of as tending toward the "clear" category
when any or all of the following conditions are fulfilled:

a. +there is gerneral agreement on who the users of
the building type are

b. there is general agreement by the users of the
building type on why they need the building,
on what they expect it to do for them, etc.

c. there is a cultural traditic.i governing the
function, shape, an:i/or meaning of the building

type

d. +there is some legal requirement imposing a function,
shape and/or use on ﬁhe building type.

At any given time it may be possible to ascertain these, though it is
clea: that they aie a functiom of history and of socio-cultural conditions.
Today, orie may reasonahly categcrize office buildings, retail shops,
industrial buildings =a:d perhaps hospitals as "clear” building types.
Housing and schools are borderliine cases, rapidly becoming "ambiguous,"
while community centers, cultural centers,mental health centers, etc. are
today clearly "ambiguous." Also, one may state with reasonable certainty
that all this is changing rapidl;.

Yet if one undertook to introduce performance specifications into the
procurement process of a building of the “elear" type, one could probably
e23tahlish reasonzble prescriptions for the scope of the system to be so pro-
curs2, and one could Jjustify this decision and these prescriptions. The
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author participated in such an effort in preparing the PBS Performance Speci-
fication for Office Buildings. At the same time, he also participated in an
effort to write performance requirements for an "ambiguous” building
type--Community Mental Health Centers. But here, a rigorous attempt to
respond to the general question of "How should such a center perform?", or
"What are the desired performance attributes of such a center?", quickly led
+to +he earlier question "What is a Communlity HMental Health Center?" Suddenly,
there ware nc answers, or rather, there were dozens of different, often con-
flietirz answers, depending on who was being asked the question.

s T i urceription of the efforts fo answer that question; and the
result of thnose efforts--the development of the Planning Aid Kit (PAK) for
Cw : _u. i....nal Health Centers--will conrclude this paper. X

3. Development of the National Institute of Mental Health
(NIMH) Planning Aid Kit (PAK)

3.1 RBackground

The allocation of Federal funds for Community Mental Health Centers
(Ciiics) wns established by Congress in 1963. This was done within a context
of evolving concepts of mental health, away from emphasis on the patient-
doctor individual relationship, toward the idea that the mental health of
individuals was the responsibility of their community. Acorollary of that
idoa was that <'n. the community was thne ultimate repository of resources for
providing .tha% health to its members. Similarly, the "medical model" for
treatmeni of mental disorder was being replaced by a process emphasizing pre-
.ventive actions, .rea‘tments, rehabilitation, and custodial care.

Tr, line with this evolution, the 1963 ..t made funds available not
] for *l.c construction of buildings, but rather for the establish-~
£ an administration tha® would provide and coordinate the delivery of

fiv; "essential services": i
4. inpatient services
u, outpatien%t ~ervices
c. emergency services
4. 7partial hospitalization
e, econsultation-< lucatlon programs

auildings could be thnought of as one part of such an administration.
At tre -5 1:me, it was proposed to exempt CMHCs from existing Federal
tuilding ctani.:rds, and especially those for hospitals, for the purpose of

de-instituticnalizing the services and promoting innovative programs.

i1
sar

Fipally, application for CMHC funding had o be generated locally, with

H

"maximum Cezzible participation” of the community.

tna Architectural Consultation Section of the National Institute of
liertal tiealth Jt) was created to carry out four basic functions:

a. consult to communities on proposal preparation
b. rarticipate in proposal evaluation
. coordinate solutizns ~f implementation problais
d. apply feedba~i to other communities in other areas
79
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This emphasis on user neecds, combined with new concepts and an innovative
ohjective, appeared to offer a unigue opportunity for applying the performance
concept, With *lis opportunity in mind, the Architectural Consultation Sec-
tion contrarn:adl witk tne National Bureau of Standards to develop performance
standards to enatle it to carry out its functions more efficiently, rigor-
ouzly, effectively, and replicably.

In recosnition of the great variety of users of mental health facilities
anl the basgice need of performance ¢ sndards to reflect this variety, the
initial approach taken was to devise a set of typical user characteristics
(e.z., age, sex, socio-economic, ethnic, etc.). This set formed one dimen-
gion of a three~dimensional matrix +that would ultimately include all the per-
formance statements of CliliCs for all possible users. (The other two dimen-
sicns of the matrix were to be building .lements and attributes.; Thus, if
one could descrite a group of users of a potential CMHC, the matrix would
permit a simple retrieval of performance attributes for the group’s charac-
stics, and these could be the basis for performance specifications for

In a*tempting to visvalize now such a system would work, it was
raalized that *nis approach, based on a generir users characteristics axis,
would @ oo general to display all the richnessz and variety which an intui-
tive reflaction on CMHCs suggested. It seemed -nat similar users would gen-
erate differen:c requirements depending on the mental health problems with
which they were faced. Furthermore, a given group of users, faced with a
ziven protulem, would still be faced with alternative courses of action, each
of wrich ecould i4self generate different environmental requirements.

The desire to maintain and promote this richness gradually led to the
realization that not a static storage and retrieval system of all possible
performance attributes, as represented by a 3~dimensional matrix, was needed,
sher a planning process that could raise and display relevant issues,

',:-n hor

2lici% decision making, and ultimately lead to the generation of a particular
zolution in terms of environmental performance attributes, was what this

project called for.

Such a planning process had to be usable by a variety of participants,
# from men+.l health professionals to community representatives. The
step, tha*t of selectin; the planning process participants, was viewed
political issue and lefr to the political process.

¢v i1t would be an 2ducational process for all its
participants

L, it would help.to define "communitiy," and elicit
its participation

c. 1t would provide instruments for 4 ion miking

d., it would record and “ocument all of its phases for
eacn of future review, r -vision, and evaluation

e. 1t would be replicable for a variety of conditicns,
repeatable in format

f. it could be used for -pplications for funding
g, 1t could be used for -constant upditing of tacili'ies

and prozrams
-
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3.2 The Planning Aid Kit (PAK)

The process p:~posed to NIMH to fulfill these requirements was the
Planning Aid Kit (PAK) which consisted of a series of forms to be used at a.
series of meetings of participants, both for purposes of exchanging infor-
mation and making decisions.

PAX wzo devised to get the appropriate information to the designers of
the environment and to the administrators who must evaluate the suitability
of their designs. It is essentially a device for people to articulate theilr
problems so that planning the environment may respond to them., To do so, it
subjects information to a series of transformations in several steps: -

a. problems
b. courses of action
c. activities
d. environmental characteristics.
The latter, in turn, are used to find,ﬂhddify, or build settings of a CMHC.

Each step of the series of transformations has a form degigned to elicilt

“and display informa:ion, and the actual translation from one step to another

is accomplished by f-rms designed to foster decision making.

It is beyond the scope of this paper to describe PAK in detail. Four
basic points should suffice:

1) The problem forms relate stated problems to particular
groups of the community. They develop information about
these problems in terms of recording perceived causes and
effects of stated problems, each of which, in turn, may
become a problem for further discussion.

2) Thé& courses of action are mobilizations of resources to
solve problems, of which many alternatives may exist for
each problem. The relation of courses of action to
specific problems is a major departure from.the current
categorization of mental health programs, which 1s either
r.; sarvice provided or population served (e.g., "programs
“ns the elderly," "emergency,” "outpatient,” etc.?

3) The activity forms are desig:2d %o disnlay aiternative
gsets of activities for each courze of action, at a scale
sufficiently fine to impose some environmental requirement
(e.g., "playing with blocks,” "participating in group
discussions," etc.).

L) The environmental characteristics are basically a set of
semantic differentials designed o quantify environmental
requirements (e.g., "privacy-communaifity,” "familiarity-
remoteness" etc.) in a way thatemayr be correlatable with
physical aspects of the envirofiment.

The filled-in forms produced by the PAK process have value beyond
helping the particioants educate themselves and make decisions., They repre-
sent a statement of what the proposed programs are to accomplish, and can
thus form part of the application for funds, as well as become part of a
central data bank to be used by other groups in their own planning, as well
as source material for developing further programs.

\/
® ¢ g
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4, Conclusion

Since the development of PAK, it has been applied experimentally in
several CMIC programring situations. Clearly, such experimental application
should lead to revision and improvement. NIMH{ has recently awarded a sub-
stantial grant for a systematic application and f.rther development of PAK.

“hile the above discussion of PAY is clearly insufficient to do it
subgtantive justice, it does demonstrate the central thesis of this paper,
=nat applying the performance concept to certain -building types may often
lead far afield--to concern for the planning process itself, and to revision
of that process.
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Institutional Performance and Building Performance:
Some Implications of the Judicial Facilities Study

Benjamin Handler
Department of Architecture
The University of Michigan

Ann Arbor, Michigan

The performance of the institution or organizations which
buildings serve has not been regarded as within the province of ar-
chitectural analysis. Failure to evaluate institutional require-
ments can result in buildings which hamper rather than help the per-
formance of institutions. A critical examination of the objectives
and operations of the judicial system was a major .theme of the Ju-
diclal Facilities Study, designed to develop standards and guide-
lines for courthouse design in the United States. How these facil-
ity standards were derived from a detailed examination of the judi-
cial system is explained in terms of: the ways in which judicial
svstem requirements and personal human requirements were handled;
the present and future purposes and human needs the system and its
facilities =eek tu fulfil; the manner in which the operations of
¢ach court funcrion and specialized proceeding were examined; the
ways in which activities, interpersonal relations, communication
patterns, environmental and spatial characteristics were analvzed.
Certain conceptual and theoretical considerations implicit in the
approach to the study are discussed, The assumptions of convention-
al architectural analysis are stated, and the physical determinism
inherent in them criticized. An alternative hypothesis is advanced,
namely, that the eff ct of the phvsical environment on human per-
formance varies with institutional performance. Buildings and the
operations of the institutions theyv house are seen as interdependent,
mutually adapting to each other as the people involved attempt to
achieve correspondence between the two, The ideal of perfect con-
sonance is viewed as able to be approached only if the designer has
a thorough understanding of the institution both as it is and as it
ought to be. : Y

La notion de performance appliquée aux iustitutions ou aux
organisations servies par les batiments n'a pas été considérée comme
cessortissant du domaine de 1'analyse architecturale. - Le manque
d'évaluation des exigences institutionnelles peut aboutir a des
batiments qui génent la performance des institutions plutdt qu'ils
ne la . ilitent. Un examen critique des objectifs et des opérations
du systéme judiciaire a été un tQéme principal de 1'Etude des Installa-
tions Judiciaires congue afin de développer des normes et des

¢ directives pour la planification des tribunaux aux Etats-Unis.
Comment ces normes d'installations ont découl& d'un examen détaillé
du systéme judiciaire, ceci est expliqué en foi.tion de: la fagon
dont les demandes du systime judiciaire et les exigences humaines
ont &té traitées; les buts présents et futurs et les besoins humains
que le syst@me et ses installations cherchent & accomplir; la maniére
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dont les opéfations de chaque tribunal, quant i sa fonction et ses
activités particuliéres, ont &té examinBes; la fagon dont les
actlvitis, les relations interpersonnelles, les modes de communica-
tions, les caractéristiques d'environnement et d'espace ont &té
analysées. Certaines considérations conceptuelles et théoriques
implicites & la direction de cette &tude sont discutées. Les
idées directrices de 1'analyse d'architecture traditionnelle sont
exprimées et leur déterminisme physique inhérent est critiqué. On
propose une alternative: 1'effet de 1'environnement physique sur
la performance humaine varie avec la performance institutionnelle.
Les bdtiments et les opérations des institutions qu'ils abritent
sont crnsidérés comme interdépendants, s'adaptant réciproquement
cependau. que les personnes en cause essaient d'établir une
correspondance entre les deux. On consid@re que 1'id&al d'un
accord parfait ne peut 8tre accessible que si 1'architecte a une
connaissance approfondie de 1'institution aussi bien en ce qu'elle
est qu'en ce qu'elle devrait &tre.

Key words: Activities; communication; courthouse; human
performance; institutional performance; judicial system;
mutual adaptation; objectives; operations; physical
determinism; physical environment.

1. The Place of Institutional Performance in Architectural Analysis

In conventional architectural analvsis the institutions or organizations which buildings
serve are not subjected to critical examination. The starting point is people and their ac-
tivities as the analyst sees them in operation or as he is told about them by active partici-
pants. The activities are accepted as given and not questioned as to their necessity or de-
sirability. From th se are derived spatial requirements and space arrangements. Fundamental
conc-rns of the conventional type of analvsis are whether acceptable standards of human health,
comfor- nd nrfficiency are met, and circulation and communication facilitated. - Whether the
institution or organization is doing its job proverlv is not questioned.

Once this questioning takes place, it opens the way for the addition of a whole new di-
mension to srchitectural analysis, namely an evaluation of the performance of the institution
or organization jitself. Such evaluation requires a thovough understanding of the operations
of the organizatisn, its role in society, and the degree to which it is performing in accor-
dance with that vole. Detailed attention to institutional performance could lead to a re~-
evaluation of operations and could have a profound effect on personnel, activity, circulation
and space requirements. The result is likely to be a building designed to meet not the re-
quirements of the institution as it presently operates but as it should or is likely to be
operating in the future.

It might be objected that this type of institutional analysis is beyond the scope and
competence of those whose job it is to determine building requirements. It is indeed true
that architectural analysts do not 1o have such compeience. Yet consider the consequence of
accepting the existing practices aqd operations of the institution or organization. Because
the most vital institutions are precisely the ones which today are undergoing very rapid
changes, a building which fails to take such changes into account becomes obsolete very
quickly so that the ratio of costs to benefits received is unduly high. Clearly, if the
building is to meet the need of the institutiom not only now, but during the next decade or two,

‘the requirements of the institution during the foreseeable future must be investigated. It

is not sufficient to rely on the haphazard viewpoints about the future by those who use exist-
ing buildings. Something more definitive is necessary, grounded in a thorough study of the
emerging developments and needs of the institution. Uncertainties about the future would
still make it desirable to build flexibility into the building. But the architect would then
have at his disposal the necessarvy knowledge to enable him to program the range of flexibil-
ity in advance and see to it that the right kind is built - into the structure.

8l
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The consequence of failure to understand institutional requirements is well illustrated
by what has happened to public housing Projects in several large American cities. For de-
cades the emphasis was cxeluslvely on providing healthful and sanitary abodes. In too many
instances these have deterlorated physically and have themselves become slum ghettos of ra-
cial and low-income segregation. Neglected until quite recently were the social needs of the
fnhabitants and the requirements of the family as a social institution as distinct from the
household as a physical entity. The remedy involves a consideration of the family in terms
of its internal social structure, its relation to other families and its role in the larger
community. Actually the buildings hampered rather than helped the performance of the family
as a social institution.

2. The Judicial Facilities Study

The Judicial Facilities Study attempted to relate building requirements to performance
criteria for the system of jur . ial administration. The study was instituted in 1968 under
the joint sponsorship of the s erican Institute of Architects and the American Bar Associa-
tion. It took two and a half :ears to complete by an interdisciplinary team of lawyers and
architects under my direction. Its purpose was to develop standards and guidelines for
conrthouse design in the United States. Coverage was comprehensive, encompassing acoustical,
thermal and lighting requirements, unit space sizes, space relations, arrangement of spaces
and spatial attributes for general trial courts and all their component spaces -as well as
for the various specialized courts existing in the United States, e.g., appellate, juvenile,
traffic. The study was directed_towards obtaining courthouses which would promote not only

. the health, well-being and efficiency of those using them but also the effectiveness of the

judicial system as a human institution. Its twofold analysis of system requirements and per-
sonal human requirements proceeded along the following lines:

2.1 Judicial System Requirements
First, the objectives of the3§&sf5m were analyzed in detail for the system as a whole

and for each of its many compofents. They were explicit and formulated in a mauner which
would make them cperationally useful. Objectives were clearly distinguished from functions

or operations au t-:ing the fundamental reasons wny the functions or operations are performed.
The role of obje.:tives . the analysis was to provide a basis for evaluating the practices
of the institufion and the effectiveness of its facilities. A knowledge of the purposes and
auman needs thy .stem and its facilities seek to fulfil permits performance to be measured
against puiii -. - “habt o3 correspondence bétween them may be achieved.

The wh . . . ge of law and its administration was shown as revolving around some no-
tion of Just: _-ound a normative standard for the arrangements of men's lives together.
As such, ©ne ouiectives nf the courts take on a threefold character: they are directed
toward rue individsal human beings whom the court serves; they are concerned with the func-

‘tionfng of the judicial system itself so that it may adequately do the job for which it ex~

ists; and zhey are entwined with the ueeds of society, of which the system of justice is per-
haps its -:-: enduring symbolic form.

A~ ptic ordering of the myriad of objectives set forth in the individual chapters of
the stud: reveals three themes looming large on the comtemporary scene. (1) The confidence
of the public in the judicial system is a major concern of our time. If the system is to
function effectively, there must be a high degree of public acceptability and reliance on the
authority of the courts. (2) A second major theme has to do with the way the courts oper-
ate. At issue is their efficiency and competence. If the demand for prompt and speedy jus-—
tice is to be achieved, the best available technology and management practices are indispens-
able. Without thece, justice becomes either increasingly difficult to obtain or is obtain-
able at unnecessarily high monetary costs. (3) A third major theme has to do with tlie var-
ious kinds of help the judicial system can and should give to those in need of assistance,
e.g., adequate legal assistance for those who cannot afford it; the obligation to help those
guilty of criminal acts obtain effective treatment for their anti-social propensities so that
they may be rehabilitated for their own sakes and for the protection of society; special care
and solicitude for children involved in any way with the courts. Concern for human needs
should be one of the distingulshing marks of a modern judicial system.
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Next the operations of each court function and each specialized proceedirg were ana’yzed,
This analvsis was based on intensive field studies of different size courts in various parts
of the country. Dealt with w2re such matters as the way in which a case moves through a
court, the flow of paperwork through a clerk's office, the step-by-step proceedings in a tri-
al. These operations varv with the type of case or court function. Thus in a criminal pre-
ceeding,a different set of operations is performed than in bankruptcy or appellate proceed-
ings. Fach of these was described in detail and summarized in diagrammatic form. Every at-
tempt was made to incorporate the best current practices and those which foreshadow future
developments. One example is the use of computers to help improve efficiency and avoid the
delays which hamper the functioning of the courts. Another is the movement towards an all-
inclusive familv relations court. Still another is the shifting from judicial to administra=
tive or arbitration procedures, e.g., some automobile insurance caszs and small claims.

Operations and objectives are connected in a means-end relationship. Whether the Judi-
cial system is operating in a satisfactory manner depends upon whether it is achieving its
objectives., The evaluation of its modes of operation, therefore, requires an understanding -
of objectives.

2,2 Personal Human Requirements

Next, the activi:ties which must be carried on in connection with each particular func-
tion or procedure were identified, together with the kinds of people involved and the kinds
of spaces required. It can readily be seen that the analysis of operations is a necessary
intermed{ate.step between objectives and activities, for any modifications of operations to
meet objectives will be reflected in modifications of activities. :

The next step in the analysis revolved around the interpersonal relations of partici-
pants in the light of the activities in which they are engaged. Desirable relations of this
sort are determined by the objectives, should be fostered by operations and can be facili-
tated bv appropriate communication patterns. For example, the rehabilitation of convicted
felons can be fostered bv judicial proceedings geared ro helping rather than antagonizing
the accused and to promoting certain kinds of interpersonal relations between him and the
other participants in his case as it moves through the courts. Such relations can be facil-
itated by space arrangements which promote ease of communication of the right kind. Such
considerations led to a study of desirable communication patterns.

The analysis of communication was mainly in terms of movement between activities. Dur-
ing a trial, however, communication occurs with relatively little movement, once the partici-
pants are in their places in the courtroom. Consequently, for the trial function four vari-
ables were analyzed: visual communication, audio communication, passing of documents and
movement of people. What was sought here was the disposition of people and activities within
a space, where these four variables are the chief conditioning factors. Elsewhere what was
sought was the disposition of spaces in relation to one another. If each space is associ-
ated with a set of activities, the chief conditioning factor is the movement occurring be-
tween the sets. A stronger relationship exists between activities where large numbers of
people move from one to the other for significant reasons, than between activities where
people seldom find it necessary to meet each other. The spaces containing the former activi-
ties should then be more easily accessible to one aacther.

Data on movement and communication were obtained through the field studies mentioned
earlier. Particular attention was paid to volume (or frequency) and to significance for the
particular function under consideration. This permitted a quantification of the data in
terms of the relative importance of the movement or ccammunication between the different ac-—
tivities. The values assigned were organized in matrix form, an example of which is shown
in figure 1. As between two activities, more movement may start from the first and be di-
rected towards the second than is the case for the reverse movement. The matrix shows the
movement from each activity to every other one, so that the movement from, say, preparing
jury lists to selecting jurors is given separately from the reverse movement from selecting
jurors to preparing jury lists. The relative values assigned to each of the movements are
based on a 0-3 scale. For each function, two matrices were constructed, one for volume and
one for significance of movement, with the largest numbers denoting the greatest volume and
significance. The figure in each box of the volume matrix was multiplied by the correspond-

ing figure in the significance matrix to arrive at a measure of relative importance on a 0-9
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scale. Each horizontal row then shows the relative importance of movement from one activity

"to each of the others; and each verfical column shows the relative importance of movement to

one activity from each of the others. When the figure of movement from one activity to an-
other is added to the figure of reverse movement between them, a measure of total wovament
between them is obtained. When the figures of a row are summed, a measure of total! movement
from a given activity is obtained. Similarly, the sum of the figures in a column gives a
measure of the total movement to a given activity. Composite matrices of volume and signifi-
cance denoting relative importance of movement or communication were developed for each of

thirty court functions and specialized procedures.

The conclusions regarding the relative importance of movement were then shown in simul-

“taneous form in diagrams depicting the total patterr of movement for each function or spe-

cialized procedure. An example is given in figure 2. The closer two activities are to each
other and the thicker the line connecting them, the more important is the movement between
them. Also, the greater the number of lines which converge towards any particular activity
and the thicker they are, the more important is that activity as a node or focus of movement.
Each diagram is a visualization of how every activity should simultaneously be related to
every other activity in order to facilitate movement or other type of communication among
them. From the network of lines groupings emerge which tell at a glance how activities should
relate to one another. Thus figure 2 shows a close groupirg of five General Trial Court func-
tions: trial, chambers, hearings, clerical and legal, each of which is a major node o€ move-
ment. The remaining functions are of lesser importance in the movement system.

These movement patterns were then translated into other diagrams where activities are re-
placed by the spaces associated with chem and where the structure of the corresponding move-
ment pattern is preserved. An example is given in figure 3. These interspatial movement pat-
terns are designed to show how all nequired spaces should be related to each other in order
best to facilitate the movemunt that has to occur from one to another.

The analysis was completed -by-studies of atmospheric, light and sound conditions and
other characteristics of the.reqiited spaces. Each of these was studied in the light of the
activities, operations and objectives associated with the particular space under considera-
tion. Together with the spatial arrangements, they provide guidelines for the planning of
the total physical environment. T

3. Conceptual and Theoretical Considerations

Characteristically, architectural analysis is directed towards coming up with space re-
quirements which would satisfy an ef{iciency criterion, namely maximization of the effective-
ness with which people function and tasks are performed. The basic assumption is that per-
sonal human performance is in a relation of functional dependency to the arrangement and at-
tributes of the space people occupy. Three further assumptions are implied: that performance
varies' inversely with the amount of physical effort expended upon tasks or activities; that
physical effort varies inversely with ease of communication; and that ease cf communication
varies inversely with the time it takes to communicate and the distance between those commun-—
icating. Hence the spatial arrangement of people and activities should be such as to mini-
mize their distance and communicatjitn time. Hence also, the acoustical, thermal, lighting
and other attributes of spaces showid winimize auditory, physical and optical effort.

The physical determinism inbke.eut in rhese assumptions is open to serious obiections,
Decades of empirical investigaiicw and conutrolled experiments have failed to produce unam-
biguous results as to the efrecés of the physical environment on human performance. The de-
gree of influence of thermal, lighting and acoustical conditions on human physiological, per-
ceptual and task performance is far fron clear. The most definite correlations have been ob-
served in the short run and especially in short run stressful situations, neither of which
ig particularly useful for buildings. 1f one were to attempt a general conclusion it might
be that changes in the physical em/dironment have a great influence on human performance under
extreme physical conditions, their effect diyinishing rapidly thereafter and having little or
no impact under "normal" conditions. In fact, under favorable operational conditions, sub-
stantial degradation of the physical environment has failed to halt expanding task perfor-
mance. Also, in the case of public housing unfavorable social conditions have led to a deg-
radation of the physical environment itself. . :
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These considerations suggest an alternative hypothesis to the one of physical determin-
ism, namely that the effect of the physical environment on human performance varies with in-
stitutional performance. An environment which minimized physieal'and work effort, or facili-
tates ease of communication, will not of itself enhance human performance. The extent to
which it does so depends on the way in which the institution is doing its job. It is this
which motivates or fails to motivate its participants, and without it no amount of improve-
ment in their physic.l environment will enhance their efficiency or their effectiveness as
human beings. It is not necessary that the needs for which the institution exists be com-
pletely met, for no institution is perfect. What must be present is a belief in .and approval
of the direction it is taking. Then the proper physical conditions will make it easier for
participants in its processes to do what they already want to do or behave in a manner favor~
able to its working. This in turn will enhance the capability of the institution to achieve
its objectives. The initiating force must come from the way in which the institution is per-
forming. Only when the institutional conditions are favorable will the impact of the physi-
cal environment be felt, not only directly on personal human performance but as feedback on
the performance of the institution as well. The reverse occurs when the workings of the in-
stitution generate indifference, oppos&tfon;pr alienation. Then changes in the physical en~
vironment tend to bLe stillborn and barren of “results.,

Complementing the above hypothesis is another way of looking at the relation between
buildings on the one hand, and personal and institutional performance on the other. This
may best be couched in the somewhat ecological language of mutual adaptability. The way in
which things are done affects activities and the organization of space. Conversely, the way
in which space is organized affects the way in which things are done and the activities car-
ried on in that space. What it is possible to do depends to some extent on the facilities
available. Thus, the absence of laboratory facilities in a school will condition the way
science is taught and affect the performance of the organization in terms of some objectiva
standard of educational achievement. Furthermore, if the physical environment does not con-
form to the operational requirements of the institution, the users will tend to modify it as
best they can in order to facilitate operations. As has often been observed, building spaces
are not always utilized as the architect intended them to be. Families constantly change the
space arrangements in their houses to meet the changing demandsof. family living, privacy and
sociability. The physical environment and the operations. of .the institution act and react
upon each other in a system of mutual interdependency.

There are obvious limits to this process of mutual adaptation. A building may be too
obsolete, small or spatially rigid to be changed satisfactorily in response to institutional
changes. It may become a straight-jacket-forcing the institution into undesirable ways of
doing things and impeding its workings. Then, institutional requirements are not satisfied,
felt human needs neglected, objectives not met and operations deteriorate. Because adapta-
tion is no longer possible, the system undergoes distortion. When the building cannot be
adapted to the institution, the institution will be adapted to the building. Only.in this
way can the necessary correspondence between the two be achieved. Such efforts to achieve
correspondence usually leads to inadequacies in both institutional and building performance.

Perfect consonance is indeed rare and generally short-ljved. Only in a few great ages
of architecture do we feel it to- have been achieved. -Apparently, for example, the planner-
builder-cesigners of Gothic cathed¥al after Gothic €athedral were so steeped in the religion
of the time that they had a real insight for what was required to the point of possessing an
almost intuitive feeling for the right and somewhat lasting solution. This is seldom possi-
ble for the designer of modern buildings. In the case of judicial facilities, the designer
must live "the life of the law." Since this is not part of his way of life, he can only sub-
stitute for its absence (1) an intellectual and analytical knowledge of the administration of
justice and its objectives, (2) a close collaboration with those who live that 1life in the
real sense of the term. The Judicial Facilities Study attempted to provide the first, while
giving summary guidelines how best to achieve the second. If institutional performance is to
become an abiding concern of architectural analysis, a somewhat similar procedure is implied
for other human institutions.
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National Bureau of Standards Special Publication 361, Volume 1: Performance
Concept in Buildings; Proceedings of the Joint RILEM-ASTM-CIB Symposium, held
May 2-5, 1972, Philadelphia, Pennsylvania (Issued March 1972).

The Complementary Use of Research end Negotiations
with Users in the Development of Performance Standards

Thorbjoern Mann and Richard Bender
University of California
Berkeley, California 94720

Two assumptions underlying much of the current discussion
about industrialized building systems for housing are: (1) research
should investigate the needs of users of housing, and (2) the re-
sulting findings can be cast into explicit performance standards
or specifications to permit industry to develop and mass produce
housing systems conforming to these standards and to the needs of
users.

These as:umptions are questioned. If user requirements re-
search is to rroduce useful results, it must focus upon users in
actual decisicn-making situations and be complemented with pro-
cedures of negotiation, conflict-detection, argumentation, debste,
bargaining and conflict-settling.

An approach is discussed which puts research into the imple-
mentation phase of actual projects as a part of the planning
discourse and decision-making process.

A la base de beaucoup des discussions courantes au sujet de
systémes de construction industriels dans le logement, on trouve
1'idée que les études entreprises devraient examiner-les besoins
des usagers et que les renseignements obtenus pourraient &tre
classés en normes ou spécifications explicites de performance pour
permettre 4 1'industrie le développement et la production de masse
de systémes d'habitation se conformant & ces normes. :

Cette conception est mise en doute. Si 1'@tude des demandes
des usagers doit produire des résultats utiles, elle doit se con-
centrer sur les usagers dans de vraies situations de prise de
décision et doit &tre complémentée par des méthodes de négociation,
de déviation de conflits, d'argumentation, d'achat et de résolu-
tion de conflits.

Une approche est examinée qui étr.d les recherches jusqu'a

la phase d'exécution des.projets réels, comme une partie de
1'étude de planification et du processus de prise de décision.

Key words: Arguments; decis?on-making; IBIS (Issue Based
Information System); negotiations; research, structured planning
discourse; user needs, -aspirations, -values.
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1. Introduction

The devélopment of industrialized building systems for the housing sector is entering
into a new phase of larg:--scale corporate effort, aiming at large aggregated markets
and integrated systems embracing structure, enclosure, interior finishings, installations,.
utilities, and including the public services of new communitics. At the same time, govern-
ment activities are increasing in this area, in part called for by industry to help carry
the development burdens and to guarantee the necessary market size, but also trying to
govern and control the development on its own terms, providing the framework for industry
activity, striving to secure quality and safety standards and attempting to control the
social implications of the housing problem which industry is, understandably, inclined to
ignore.

This development means that at many levels people are making unprecedentedly far-
reaching decisions which cannot be based on traditional criteria. As a result, industry
and government are calling for better guidelines, criteria and decision rules. Discussion
has concentrated increasingly on che "performance concept” or performance specifications.
These can be interpreted as a set of statements which, (while not rrescribing specific
materials, products or technologies) permit a decision-maker to deduce in each specific
case whether a product or system is acceptable or not, or to judge which of a set of pro-
posed alternatives is most desirable.

It 1

s expected that performance standards can be based on research concerning the needs
of the prospect

ive users of a system in question.

. .

Z. Expectations

It is necessary to take a closer look at this call for research. In a rather simpli-
fied way, the expectations could be describ=d as follows:

- Scientific investigations should be conducted to find out what different groups of
users (housing, for example) need with respect to the properties of their built environment.

- The outcome of such research should be stated in terms of unequivocal user needs
reguirements. Preferably, this should take the form of lists of variables which can be
easily verified in specific c¢ases, so that decisions are not likely to be questioned after~
wards becaus2 of conceptual vegueness or uncertainty sbout the actual qualifications of a
given solution. :

- The standards of performance should be set, according to the research findings, us
values or ranges of values of the variables.

- With these prerequisites, industry could develop building systems to meet’ the pre-
scribed performance standards — and/or present their systems for testing and evaluation
(but against criteria known beforehand). -This would leave industry free to develop efficient
technical solutions to well-specified problems—~-and the goverwmwrnt would verify (measure)
the ability of a given product to meet the standard.

3. AQuestions

Are the preceding expectations and assumptions realistic?

It is our contention that they are unrealistic and that they represent a step in the
wrong direction. There are a number of reasons for this: the first, and probably most
important, rests in the concept of user needs. While it appears quite reasonable to base
developments of building systems upon user needs the attempt to state these needs generates
either narrow, abstract statements concerning trivial physiological conditions, which are
not sufficient to distinguish and select among alternative design solutions. Or, in the
process of more discriminating specification, a number of disturbing properties are found:

9l
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1. "user needs" change over time, i.e. these requirements are not sufficiently stable
even within the smme individual to permit an unequivocal statement that such and such must
be the case. Some such changes (such us aging) are involuntary and predictable subject to
fads and fashion.

5. people are different: while many groups can be distinguished with identifiable
differences in their 'needs,” the transitions from one group to the other are blurred.

3. "user needs" are devendent on the social context: a person may exhibit quite
different "needs" in one society than when he is moved to another; another way of saying the
same thing is that they are dependent on tradition and quite arbitrary conventions. For
example, we are used to buildings providing shelter from weather conditions, space, light,
water, ete. but generally not furniture, stereo sets or food. And the possibility that a
home mignt be also a means of transportation is still treated as a special case as far as
codes, zoning regulations, etc. are concerned.

. "user necds' are technolopy-dependent. We cannot realistically separate the require-
ments for building systems from the technological means envisaged to be part of the system.
For example, lighting requirements or the simplest sanitary standards of today would have
been considered unreasonable demands in the context of 16th century technology. This is
expecially critical when we are dealing with innovations: vperformance standards for '
sailboats or horse carriages of the kind aimed at in construction now would never have
permitted introduction of the steamship nor the automobile; these examples reveal that we
should talk about user "ambitions" and "aspirations” rather than "needs";

5. whereas initially one might have started from notions of a contradiction-free,
somehow "natural” system of user needs, talking about aspirations makes it quite evident
that these may be conflicting, counteracting or mutually exclusive. This means that in a
planning case, decisions have to be taken to "resolve" these conflicts, i.e. to strike a

balance between them, or decide afainst one aspiration-need in favor of another.

6. It .should be egually obvious that such decisions can only be taken on the basis of
personal values. But, if this is true, the notion of valid performance standards based on
what we now would understand by "user needs" cannot be maintained: the setting of a
balance--or a decision favoring one of two conflicting objectives is a completely arbitrary
act. This kind of information can only be obtained from the individual user-in a specific
concrete situation, and the researcher has no scientific, moral, ethical or political man-
date to make these decisions in lieu of the user or those affected by such decisions.
Taking averages of "prevailing" opinions, extending trends cf past attitudes, etc. are ob-
viously not viable alternatives either.

A remark is in order at this point about such "needs" as that of the user's desire to
make decisions about his environment himself. If it were admitted that this might be a
genuine concern, then there is no justification for assembling an elaborate system of per-
formance standards. This cannot be helped by providing fake 'choices” among pre-established
alternatives. It should be clear that what is meant is the generation of such alternatives
by the user himself. Without falling into extensive philosophiéal discussions, a strong
case can be made for the contention that it is precisely this feature by which man develops
and meintains his identity, dignity, self-image. However, one might object: the means of
self-expression have been abandoned, succeeded by others and left to standardization--
why should we insist that hcousing be a means of self-expression? But these are questions
that cannot be decided upon by research, industry, nor government--they must be discussed.

This discussion of user aspirations and values shows an emerging dilemma. With respect
to technological innovations, the prospective user cannot develop a proper value position
in a void, remote from the experience of or responsibility for the consequences of a deci-
sion. This might well be the reason for so many failures of the "ask the user" approach,
which has led to the prevailing attitude that the user "does not know what's best for him."
It must be maintained that he cannot know if he is merely confronted with abstract alterna-
tives. He cannot judge if he has no share in the development of solutions and responsibility
in the decision. But at the same time, nobody else can legitimately pass valu¢ judgments
about alternatives and their consequences.-in the prospective user's behalf. The problem, of
course,. is even more complex in the many cases where the users are not known.
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The second major objection to the idea of a system of performance variables-~even if
we azsume that we are copnsidering questions which are not personal judgments. The legiti-
mate but disastrous quest for hard "objective" criteria carries with it the temptation to
concentrate upon variubles which can be readily measured and to neglect those which do not
lend themselves to easy quantification and verification. But perhaps more critical is the
extension of this temptation to research itself. Researchers today are under very much
the same pressure as other workers to produce useful results in short time--and since the
field of investigation is at any time more complex and greater than can be handled, it
is only normal to focus upon the easier tasks first. Moreover, scientists distrust dealing
with variables and concepts that are not fully defined, quantified, etc. No matter how
important work on such aspects might be, researchers shun tasks for which they might pos-
sibly be labeled as "unscientific."

These observations nourish the suspicion that the models which serve as the working
bose for research investigations might, on thie whole, be equally slanted toward preoccupa-
tion with easily quantifiable entities. It should be obvious that models in which important
variubles are omitted because one does not know how to measure them are of rather limited
usefulness. It should be pointed out that this by no means should be understood as & criti-
cism of models which have been proposed, nor as an accusation of arbitrary, even cynical
omizsion of variables from models in which they should appear, but rather as a suspicion
that (though unwittingly) the difficulties outlined above influence the very choice of
models for investigation. ‘Here we have another source of error which has been given little
attention,--and which is of little concern in a single research task., but which becomes
extremely critical when seen from the point of view of the effort to develop an overall,
coherent complete set of performance measures and standards for a field such as housing.

Third, even if we assume that somehow a set of performance variables has been derived
and that they, indeed, can be measured, in very few cases will we find that there is pre-
cisely and only one value of that variable which must be achieved. An acceptable range
of values will probably be the normal case, or also all values below or above a certain
point will be acceptable. This does not present a great obstacle to the evaluation of
alternatives, since of two different values one can always be judred as "better" or 'more
desirable"” than the other. (The only difficulty might be ir saying "how much better" which
is, once more, a problem of value and judgment.) But if we are talking about standards:
where should the standards be set? It is a commonplace obser:ation that standards‘which
are located close to the minimum acceptable values tend to produce solutions which are Jjust
that:  Dbarely acceptable. But deviating from that minimum usually costs money--how much do
we want to pay for that gquality standard? These are, again, questions which cannot be
resolved by research.

The preceding considerations have shown that the role of research must be viewed
with some caution, and that it is least useful in that area which industry and administra-
tion would like most: the alleviation of the burden of responsibility for their deci-~
sions. Furthermore, some of the difficulties make performance standards appear as less of
a sclution to our troubles than much of the recent discussion would indicate.

This does not mean, of course, that research efforts should be abandoned or that
efforts to develop performance measures should be diminished. But their respective uses
and roles within developments such as that of industrialized solutions to the housing
problem must be redefined. .

- k. Vhat is Needed?

The following suggestions may serve as a first step toward an outline of what we need:
4.1 Performance measures

Performance measures and statements as the objective of research efforts, in our
opinion, should not be considered as an ultimately "complete" set of standards to which
all decisions could be referred, but rather as a frame.of reference for the discussion
which undoubtedly will go on for & long time. Thet retionalization for decisions to de-
velop or support the development of particular 5¥stems, and finally to implement such
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systems, must be sought elsewhere.
k.2 Research

If the above contention is correct (i.e., that some of the critical information needed.
consists of user's value attitudes and Jjudgment, and that users can develop such Jjudgment
only when confronted with the real choices and responsibility for the decision). then re-
search must focus upon users in such decision-making situaticns both in studying and assist-
ing them. This amounts to saying that:

1. We need alternate models of the planning and decision-making process;

2. the prospective users must play a significant role in that process;

3. therefore, the overall foci should probably not be "nation-wide," centralized
projects in which the decisions must necessarily be abstract, geared to (lowest?) common
denominators and remote from their consegquences; but rather a variety of projects which may
be centrally coordinated in a network where detision-makers will be in very close touch
with the real implications of their planning;

4. research must be integrated into such planning processes. This means that research
should no longer be conducted before & project starts, then withdrawn to leave those con-
cerned with results often quite far from what they actually need. Research should be
governed, as it were, by the problems and questions actually occurring during the course of
a project. It is obvious that this demand will be difficult to meet. It will conflict
most severely with traditional independence and working style of researchers,.and it vill
create problems of logistics and coordination as it attempts to provide research services
to be drawn upon when necessary.

where it is, as research, not entitled to do so (i.e., in gll questions that fall into the
domain of value Judgment, persoral preference, decisions among conflicting interests and
objectives, compromises, etc.). e

5. Nevertheless, research itself should not be expected nor alloved to provide answers

6. This means that research muct be complemented with procedures of negotiation:
conflict-detection, argumentation, debate, bargaining, conflict-sctt’ _ing. This should not
be considered as & perhops necessary evil but as the very planning process per se, the
vital source of design decision criteria, where research findings and professional technical
expertise contribute to the forming of the opinion and Judgment of the decision-makers,
but do not substitute for it.

S. Proposals and Approaches

XY
These are some OF the things we need. Do we have the means for organizing such
planning processes? :

The problem of integrating research activities and research findings, reference to
existing standards, codes, etec., professional expertise and interests, opinions, Judgments
of those concerned by a project can be viewed as an information system problem.

Work has been done recently1 on information systems which are designed specifically
to support planning processes of various kinds: Issue Based Information Systems
("IBIS") are based on & model of the planning process as an argumentative discourse during
which issues are raised (e.g. what should be achieved, etc.) and debated because the per-
ticipants in the discourse assume different positions with respect to a proposed measure.

1Kunz, Werner, and Horst Rittel, "Issues as Elements of Information Systems," Center
for Planning and Development Research, University of California, Berkeley, working paper
#131, 1970. .
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Arguments are offered to back up the positions assumed or to refute counterarguments, this
leading Lo new issues as the debate proceeds. In this play and counterplay of issues and
argumenty questions of tact, or cxplanation of definitions, causal connections or func-
tional relationships us well as instrumental questions (how to do, achieve certain objec~
tives technically or methodically) occur and must be answered to validate arguments. This
is the task of research and professional expertise. :

By choosing issues and que:tions as the elements or organizing principle of the infor-
mation system, a very precise picture of the state of tue discourse can be conveyed con-
stantly to all parties involved in such a process--specifically to the aspects of research
which are our main interest here, so that irvestigations may focus exactly on what is needed
for the case at hand. '

Arguments typically contain, implicitly, criteria for evaluation of solutions for the
planning problem. Experience shows that this source of criteria is a much richer one and
generates a much more differentiated discussion than pre-established evaluation systems
starting from abstract categories such as "costs," "benefits," "risks." Generally, to each
evaluation aspect a number of variables and indicators can be associated which may serve
as performance measures for any resulting solution. Choosing among these variables again
is, in itself, an issue to be handled critically, since measurements and verification
involve expenditures of resources and can influence the solution itself (especially in
social systems). Measurement and verification, development and manipulation of models to
predict the expected performance of a solution with respect to the aspect under considera-
tion are a matter for research and professional experts. Their business, however, is not

to determire the weight an aspect should carry in the decision about a pléan.

The outcome of such a process will show that whatever performance standards may have
been developed a priori will never provide sufficient information for decisions to be taken
in particular planning situations. In fact, they may or may not carry mocre weight than
aspects arising specifically from that situation. This is the reason why standards should
not be considered as more than a frame of reference to be constantly improved, amended and
supplemented in each single case as may be necessary. If, as a result, standards lose their
traditional role of legitimizing decisions, then these decisions can only be legitimized by
distributing the decision-making responsibility as widely as possible by having others
share the risk and consequences.

Based on such considerations and techniques, some approaches have beer. developed for
the organization of proJjects (planning and research projects) which attempt to account for
some of the demands outlined earlier. As an example, a proposal shall be discussed
briefly which was developed for a project in Germany. The task was to survey, evaluate,
recommend improvements for, and organize the implementation of prototypes of various "urban
systens" proposals. ;

. In contrast to_the official proposal which was eventually given the contract,l the con-
cept pi.sented here® abandons the idea of extensive theoretical investigations either prior
to implementation or separate from actual projects. An attempt is made to introduce the
proposals in question into ongoing urban.planning proJects in various places at a very early
stage and to initiate a "Structured Planning Discourse" (for lack of a better name) in each
project which would te supported by an IBIS~type planning information system whose aim it
would be to record very carefully the resulting discussions. The Structured Planning

'lcerhard J. Stoeber, "Staedtebauliche Integrations-Systeme,” Pilot Study, unpublished,
summary in "Staedtebauliche Forschung, Kurzfassungen," May 1971 (Research projects spon~
sored by the German Ministry of Urban Development and Housing). o

2Present‘ed in greater detail in: Thorbjoern Mann, "New Approaches for the Role of
Research and Information in Planning," working paper, Berkeley, February 1971.
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Diseourse would be organized in several distinet cycles, each with a very definite task to
be fulfilled (e.g. selection of a site, spelling out and preparing the conditions for a
competition, evaluating the entries and deciding on the alternatives, etc.) and each
carried out with as much participation from prospective users and the public as possible.

In preparation for each cycle, a research staff would investigate "model issues" likely
to be brought up and organize  what contributions could be found in the literature.

During the discourse cycle itself, research assistance would be required to provide
fast and expedient expertise and information on issues and .questions brought up by the
participants,

Subsequently an analysis of the results of the discourse would be performed and com-
pared with results at other sites. Thus, severel elements of a project in which research
and planning are integrated as described, can be distinguished.(See Figure 1, SD - the vari-
ous cycles of the Structured Discourse; and RA, RB, RC, the various phases of preparatory
research, supporting the discourse and subsequent analysis, respectively.)

The advantages of such a project organization (besides corresponding to the demands
outlined above) include:

1. the openness of the models which serive as the basis for the planning process,
research, as well as the organization of the information system supporting bothj;

2. the possibility of compering empirical data of separate but similar projects for
the investigation of such questions as: Which aspects and problems are recurring in all
projects and which ones are specific to the respective particular site and situation?

What is their relative weight in the decisions that were taken in each project? From this,
one might expect some information about which solutions and performance criteria may be
standardized for future projects, and which ones may not.

6. Conclusion

Our contention is that the model described in Section 5 could and should be adapted to
research on performance measures for industrialized housing systems and similar develop-
ments .

There are still many open questions in the development of the tools described. One
of them is the validity of the assumption upon which the model rests: that the participants
{or opponents) in a planning project be willing to cooperate and talk with each other
about what each onec perceives as the essential problems. Other questions pertain to the
different rcle and mode of operation of the research staff within such projects, or the
appropriate rule system for the treatment, negotiation, and decisions.

However, it is held that the refinement of the techniques involves the same principles
as the tasks for which they will be used. The appropriate solutions will emerge by
putting these techniques to work and by adapting the method to the problems as they
occur and not by trying to anticipate all possitle aspects and developing a fixed, per-
fected solution that turns out too inflexible to adapt to unanticipated obstacles.
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—————  Pilot Study Report
1

RA 1.1 Methodological research

Preparation of "manual"

RA 1.2 Preparation of

Exhibition/Publication

RA 1.3 Preparatory
Subject Research

SD 1 Structured Planning
Discourse (project staff,
experts, administrators)
System Evaluation, Site
Selection, Research tasks

RB 1 Documentation;
Information Retrieval,
Data-gathering services

oL

of records of SD 1

_IRC 1 Analysis (case Study)

RA 2 Subject Research
Model Issues

5

SD 2 Public Structured
Planning Discourse
Evaluation of prop.Systems
Specification of Program

for Competition

—

RB 2 Documentation:
Ad-hoc Info. Retrieval
Data-gathering service

of records of 8§D 2

| [RC 2 Analysis (case study)

S
RA 3 Research
Model Issues

L

Preparation of Competition
Proposals (for each site)

L

SD 3 Public Structured
Planning Discourse
Evaluation of Competition
Entries; Final Planning

Decisions

L

RB 3 Documentation;
Ad-hoc Info. Retrieval

Data-gathering service

| [RC 3 Analysis of
Records of SD 3

Preparation for Implementation

L

[Implementation

]

L

SD 4 Public Structured
Planning Discourse
Post-Hoc Evaluation;
Corrective leasures

Chanzes, Modifications

RC b Annlysis of
Results of SD b

RC 5 Final Comparative

Legend:

Analysis

RR 4 Documentation:
Information Retrieval
Data-zathering service

RA - Preparatory, general research, methodological research
BB - Ad-hoc research, expertise, information retrieval service
RC - Post-hoc Analysis Research
SD - Structured Planning Discourse
The numbers refer to the cycles of the Planning Discourse.

Fig. 1 The Structured Plunning Discourse
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Naticnal Bureau of Standards Special Publication 361, Volume 1l: Performance
Concept in Buildings; Proceedings of the Joint RILEM~ASTM-CIB Symposium, held
May 2-5, 1972, Philadelphia, Pennsylvania (Issued March 1972).

Application of Unobtrusive Observation
Techniques in Building Performance Appraisal

Wolfgang F. E. Preiser
College of Architecture
- Virginia Polytechnic Institute
and State University
Blacksburg, Virginia 24061

The performance of buildings is commonly measured in economic
terms such as return on investment, or in otherwise readily quanti-
fiable terms, such as amount of time required for maintenance, heat
transfer, acoustic properties, or durability of materials. "Be-
havioral cost", which might be defined as dysfunctional aspects in
the human organism caused by elements in the social and the designed
environment, traditionally has escaped rigorous measurement and quan-
tification. 1t became evident only through indirect indices such as
statistics on pathologies, absenteism, job turnover, etc. It is sug-
gested that, in addition to the commonly used performance measures,
building performance te based on normative user behavior that is ex-
plicitly stated in building program specifications. Several ap-
proaches to this problem area are outlined. ‘

A performance evaluation study in a public plaza using observa-
tional techniques is reported. The findings indicate that a-strong
relationship exists between informal stationary activity and space
defining elements in the plaza, such as benches and columns. Certain
conclusions for the programming of a plaza are drawn.

La performance des bdtiments est communément mesurée en termes
économiques, tels que le profit sur 1'investissement, ou facilement
quantifiables, comme le transfert de chaleur, les propriétés acous-

- tiques ou la durabilitd des matériaux, Le "colit réactionnel", qui
peut &tre défini comme la perturbation fonctionnelle d'un organisme
humain causée par des éléments de 1'environnement social et résidentiel,
a traditionnellement échappé & la mesure et 3 1'estimation strictes.
11 se révéle seulement par des indices indirects comme les statistiques
sur les pathologies, 1'absent&isme, les changements d'emploi, etc. On
propose qu'd cGté des mesures de performance d'usage commun, la
performance dans la construction soit fondée sur le comportement
normatif de l'usager, exprimé explicitement dans les spécifications
de programmes de construction. Plusieurs méthodes d'approche de ce
probléme sont résumées.
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On décrit une &tude d'évaluation de performance sur une place
publique, qui utilise les techniques d'observation. Les résultats
indiquent qu'un étroit rapport existe entre 1l'activité stationnaire
courante et les éléments qui accentuent 1l'espace sur la place, comme
les bancs et les colonnes. Une analyse de comportement dans les
marchés couverts est résumde. Certaines conclusions pour la
conception d'une place publique en sont tirées.

Key words: Behavioral cost; building performance; cultural context;
unobtrusive observation; user behavior; user feedback.

1. Introduction

User-environment evaluations, and consequently design programs based upon them, have to
account for the cultural context within which they are conducted. Certainly both the use of
space and the design of the physical environment are dependent on cultural conventions.

As in fashion, behavior can be judged to be appropriate or inappropriate,-depending upon
the social context in which it occurs. Thus, an empirical base has to be developed in which
the relationships between behavior and the elements of the designed environment can be stud-
jed in terms of their social context. Such an empirical base would provide the information
necessary to minimize the occurrence of stress and "dysfunctional behavior" (behavior which
is inappropriate in a particular cultural context) which could result from the designed en-
vironment. This paper describes the importance of behavior-based design criteria as a pre-
condition for user-relevant programming and design of buildings. -

The need to bridge the gap between progi-drming criteria for physical environments and.
predictable behavioral outcomes is recognized. Examples of research, particularly unobtru-
sive observation techniques, are reported in which methods of gathering behavioral data re-
lated to the physical environments have been developed.

2. Human Performance Measures

With regard to desired user behavior outcomes, the building performance concept must
include two components if the system is tofunction properly:

1. Performance criteria which are determined by the goal structure of a particular

system.
2. Specifications which describe the way to achieve the desired performance of the

system.

The importance of p:-*r+ance evaluation feedback within the architectural "systems
framework" has also been p*.::.ed out by Handler[1]] He identifies two basic dimensions of

’performance:

/1. “The technical and environmental performance measures, which include the performance
of structures, mechanical systems, and materials in buildings.

2. Human performance measures, that is, the effect of buildings on the behavior and
performance of the users. This includes the health, well-being, and task performance of
people. Handler set forth the measurable variables of human performance as follows:

-
Figures in brackets indicate the literature references at end of this paper.
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1. Health 3. MWell-being -

body temperature thermal
metabolism and heat Toss visual
heart and pulse rate . auditory
respiratory rate olfactory
blood pressure tactile
sweat point fatigue
muscular effort and tension
infection 4. Task effectiveness
speed
2. Sensory and perceptual alertness accuracy
sight output
Tight sensitivity quantity
brightness discrimination quality
visual acuity efficiency
depth and movement perception human cost
hearing -
Toudness sensitivity 5. Group behavior
pitch dingrimination interaction
intelligiisility task effectiveness .
smell -
sensitivity
discrimination

‘hese measures hardly account for "human" or “behavioral cost", i.e. the effects of higher
yrder and complex causes connected with buildings. For example, the connotative meanings
thich may be attached to buildings, due to historical, religious or other events that took
ylace in them, can be said to contribute to their: symbolic performance, Certain buildings
jave become the object of pilgrimages in the hope of miraculous healings and similar effects
Ipon the visitors. '

The need of introducing evaluative information into the design and planning process on
:he relationship between human requirements and the physical environment was stressed by
jjorkto, et al. [2] at the 1971 CIB meeting. They advocated research into user preferences,
sharacteristics, and activities as they were supported by the designed environment. 1In
inother evaluative study, Twiciell [3] devised a scoring system for performance appraisal
thich intended to measure the equality of housing. In this system dwelling appraisals and
anvironmental surveys using interviews and observational techniques established factual data
on housing. A panel of housing experts then compared these data with accepted housing stan-
fards, dealing out negative scores where deficiencies were found.

In an attempt to define performance terms for mental health facilities Brill and Kraus
(4] developed sets of continuum scales on which participants would rate the characteristics
»f settings for human activity according to the following sets of performance characteris-
tics: )

PC 1 Communality Privacy

PC 2 Sociopetality Sociofugality
PC 3 Informality Formality

PC 4 Familiarity Remoteness

PC 5 Accessibility Inaccessibility
PC 6 Ambigui ty Legibility

PC 7 Diversity Homogeneity

PC 8 Adaptability Fixity

PC 9 Comfort Discomfort

Each PC is a continuum with no values ascribed to either end. For example, two dif-
ferent physical settings may require extreme privacy or open communality and either will be
considered a positive value-for that setting. -

A new basis for architectural programming, according to Studer and Stea 5] would be
behavioral performance specifications for rooms and buildings. Instead of using existing
1abels 1ike "classroom" of a certain size, the activities and their behavioral-environmental
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requirements would be spelled out in detail in order to achieve a better fit of behavior and
design. In a further eiaboration, Studer [6]--with a model of the design process called

“the dynamics of behavior-contingent physical systems"--attempted to provide a general theo-
retical framework for environmental design based on Skinner's principle of operant condition-
ing. In essence this model shows the importance of the following: Performance appraisal,
i.e. empirical evaluative research, the establishment of behavioral goal specifications in
environmental design, the simulation of alternative solutions and the testing of their ef-
fects on user behavior.

Although 1ip service has been paid to the inclusion of the social cost in the perform-
ance appraisal of buildings, e.g. housing [7], few serious attempts (other than the ones
me-tioned previously) have been made in the past to specify building performance in behav-
joral terms. Therefore, behavioral indices have escaped rigorous measurement. When measure-
ment was done, qualitative subjective evaluations were found unreliable, and quantitative
behavior analyses presented great difficulties. It can be said that if the designed environ-
ment is to support and permit culturally determined desired behavior to occur, then an

. understanding must be gained of those laws and mechanisms that govern man-environment rela-

tionships. Then generalizations can be made for the purpose of future design applications
and predictions of implications. Therefore, it is necessary to investigate systematically
and empirically the structure of man-environment relationships, what their components are,
and which of these--for the designer's benefit--refér directly to the designed physical en-
vironment.

The field of architectural psychology is in a preparadigmatic stage of its development.
The studies presented here are some of the attempt which have been made to create concep-
tual models for the study of man-environment interaction. No comprehensive theory of man-
environment relations exists st this time. The various concepts represent at best partial
theories capable of explaining certain aspects and lawful relationships between behavior and
environment. Seen in this context the observational study which follows aims at an inygsti-
gation of the role which designed features of a public plaza play in supporting occurring
behavior. Thus, a preliminary conceptual model is generated which states that artifacts are
surrounded by a field of attraction or influence within which certain categories of behavior
are most 1ikely to occur. ‘ .

3. Observational Techniques

This paper reports on an attempt of performance appraisal through observational tech-
niques, namely simple observation, mapping, quantitative and qualitative analysis of user
environments. The setting for the study, carried out in May and June of 1971, was a public
plaza in front of the student union building at Virginia Polytechnic Institute and State
University. The purpose of this project was to investigate the use of various parts and de-
signed features of the plaza, in particular, the types, amount and locations of occurring
behavior. Certain hypotheses were based upon previous studies of behavior in public places
which stated that elements of the environment are actively used by persons engaging in a~
range of specified categories of behavior which are appropriate for the context. Further,
evidence of the supportive role of physical artifacts can be given by qualitative and quan-
titative analysis of behavior.

Unobtrusive observational techniques were developed in orcer to systematically record
human behavior as it occurs in a public plaza. These techniques include:

Direct observation and establishment of a behavior repertoire for the setting.
Standardized data sheets for recording coded behavior categories, body posture;
interactional patterns, time, etc.

Maps for recording spatial-location data on individual subjects and groups in the
plaza. :

Video~tape recordings for time-sampled observations of the setting.

Quantitative analysis of recorded data, computation of frequencies, standard
deviations and means for occurring behavior categories.

Correlations between frequencies of behavior categories, mapped locations and

distance zones were planned.

(o)} (S0~ w nNy =
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Emphasis in the data evaluation was on characteristics of stationary activity in the
plaza vs. movement patterns, particularly on interactive behavior. Preliminary findings of
the study indicated: Most interaction whether in small or large groups occurs on or in very
close proximity to physical artifacts, such as benches, stairs, railings and columns, but
not in open and "undefined" spaces. Further, interaction tends to take place "where the
action is", i.e., generally near interest generating places (e.g., view) of high user in-
tensity. As a result of the study, some criteria for plaza design were developed. Due to
Tack of space only a sketchy description will be given of the steps outlined above.

Basic to the construction of a standardized data recording sheet was the establishment
of a behavior repertoire for the plaza. Observations of the setting were made for two full
days and observed behavior episodes were described. These behavior episodes were then
grouped into distinct observable behavior categories, such as stationary behavior or move-
ment, which then was broken down further into more subtle units describing body posture and
activity the subject was engaged in. The data sheet (see sample in the appendixg for the
observation of the plaza was designed to record three basic dimensions of ongoing activity:

1. The temporal dimension, i.e., the time of occurrence, the frequency and duration
of behavior events. :

2. The spatial dimension, i.e. the locational data on stationary events as well as
moving subjects. -~ e .

3. The behavioral dimension, i.e. body posture, type of activity, etc.

In addition, due to the limitations of unobtrusive observation, only the numbers and
sex of the observed subjects could be identified and recorded. For events not provided in
the preestablished categories of the data sheets, a "comment" column allowed for additional
remarks to explain the situation under observation. The data sheet was broken down into two
parts to record essentially different kinds of information: .

1. A data sheet was designed for recording behavioral categories which included the
foTTowing: walking, rumning, riding, talking, study, eating, solitary-nonactive,
playing. Postural categorie.. sit, stand, lying, leaning, kneel, squa. Addi-
tional categories included: -ate, time, weather, temperature, observer, observa-
t;on number, coded location of observed event, number of subjects observed and
their sex. T

2. A gridded map of the plaza was provided for location observation. A grid pattern
in the pavement of the plaza aided in identifying locations of subjects. In addi-
tion to the locations and groupings of subjects, their directions of movement and

their sex was recorded on the mapping part.

Observations of the plaza were made by 4 students of architecture. For the Tow activity
periods it was sufficient to have one observer record all ongoing activity in the plaza, e.g.
during the morning and early afternoon hours. Thus, the observers worked in shifts of one to
maximum of two hours at a time. In particularly active time periods such as the lunch :period
and early evening hours it was necessary to have twd or more observers record simultaneously
the behavior in different parts of the plaza, e.g. it was often divided into two halves for -
the purpose of observing both stationary and movement behavior at five minute intervals.

This amount of time was found necessary in order to record the locations of subjects on the
map and to fill in and check the respective behavior categories on the data sheet between ob-
servation times. Thus the attempt was made to capture as in a "“frozen picture" the behavior
in the plaza at a given point in time. For each observation time a new data sheet was used
and coded accordingly.

Observers recorded so called "behavior events" which were the basic unit of spatial-
locational analysis. A behavior event was defined as any individual or group occupying
space in the plaza at a given observation time and the events were recorded as such, i.e. as
solitary or interactional units made up of one, two or more subjects. Observations amounted
to a total of 17 hours and 20 minutes over a period of three weeks during pleasant weather
conditions in spring quarter. During this time 1003 behavior events were observed, with the
time sample being very limited. However, every daytime hour and weekday was at least repre-
sented once in the sample. Observers were Stationed as unobtrusively as possible behind
shrubbery across the street from where a good overview of the plaza was possible. As means
of learning about the plaza and its movement flow super-8 time-lapse recordings were made
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initially, as well as some video-tapings, inciuding interviews of plaza users. However, for
the purpose of this study direct observation was the major method of data collection.

Although it may not-be Jjustified to draw conclusions and to generalize from one case
study alone, some of the observed phenomena which had been found previously by other re-
searchers were confirmed in this project. Since intuitively any designer of a plaza would
base his decisions on the_suspected effect of physical arrangements on user behavior, other
findings seemed quite obvious, e.g. the arrangement of benches and planters and their effect
on stationary and interactional behavior. Relationships between spatial behavior and physi-~
cal ar-ifacts have been documented in quantitative and qualitative terms by researchers like
Sommer [8], Barker [9], Esser [10], Stilitz [11], Wolff [12], de Jonge [13] and Hutt [14],
~who all employed unobtrusive observational techniques for data collection.

In attempting to judge the quality of a plaza or parts of it, it would seem important
to be able to specify not only the desired behavior categories but also the amount of each
desired for a particular setting. In this study, however, value judgements have generally
not been made regarding the "goodness of fit" of certain design elements in the plaza. In-
stead, the objective was to report on any relationships that might exist, whether good or
bad, between elements of the plaza and occurring behavior.

4., Results

Mapped data were compiled separately for movement and stationary events in order to
determine the locations and frequency of occurrence of these two basic behavior categories.
From the movement data, although recorded as discrete events, it became clear where the
major traffic routes were located. The mapped data on stationary activity, an example of
which is included in the appendix, show that it most frequently occurs on or near physical
artifacts in the plaza. i

From the data sheets frequencies were computed for the use of various locations in the
plaza, as well as the frequency of occurrence of each behavior category and group size. The
data will not be discussed in detail here. A summary is given in the appendix.

d4a. Interaction in the Plaza

The hypothesis that physical artifacts are actively used when persons engage in social
contact was supported by the findings. Interactive behavior occurred almost exclusively on
or near benches, planters, columns, railings, park meters and stairs. To offer an explana-
tion for this phenomenon can only be speculation at this time. It appears clear, however,
that interacting subjects, whether they were standing, sitting or leaning, needed some psy-
chological hold or reference cbject which ailcwad them to carry on a conversation in the
midst of pedestrian traffic consisting mostly of strangers. Thus it was found that within
a radius of 2 to 3 feet around an artifact most interactions would occur and that subse-
quently the degree of attraction and with it the frequency of interactions decreased with
increasing distance from the artifact. The attracting or repelling effect of artifacts on
certain user behavior is depending upon the cultural context and socially accepted norms of
the use of the environment. The studies by Stilitz and de Jonge cited earlier contain find-
ings which point to environmental attributes such as "traversability, connectiveness and con-
tainment" or "edge effect, focal points, island effect and polarization effect". Seating
facilities can be arranged in such a way as to encourage interacticn or to prevent it. The

low number of interactions ‘observed in groups of more than two persons could be explained by =

the following: distances between planters (which were combined benches) were too great to
permit verbal interaction among users facing each other; the sight lines were continuously |
interrupted by people moving between the planters; the square form of the planters made peo-
ple face away from each other. As the only seating facility in the plaza and being situated
in the traffic flow from the front stairs to the building entrance, the planters were not '
suited to facilitate interaction in larger groups. Benches should have been placed in a pro-
tected "pocket" of the plaza where interference from traffic could be minimized.
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~4b. Solitary Behavior in the Plaza

Facilities placed in "protective pockets" would be even more jmportant for activities
like studying and eating. (These activities were found to be almost entirely absent from the
plaza. Generally, in the park areas this university does not provide benches or other seat-
jng facilities. The reason given for this by the administration is that littering behavior
must be discouraged.) Facilities for solitary activity in the plaza were found to be ex-
tremely few. - Two types of solitary activity could be differentiated: solitary-active and
solitary-nonactive. In the first case an individual would use a sheltered place to withdraw
from pedestrian traffic and interference in his activity, e.g. reading, resting, eating, etc.
Ir the second case stimulation for the individual would not come from within the person, i.e.
his motivation to engage in a particular activity, but from the environment, such as an in-
teresting view. Only the second type of behavior was found in the plaza, mainly on the
stairs and the fronts of the planters facing the sidewalk and street. Columns, railings and
planters served as "containers" for waiting individuals. However, the open areas of the
plaza which had no space defining elements which users could relate to in their activities
were hardly used (areas B, C, D and L, M, N) and the covered and somewhat dark parts of the
plaza were not use