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How does one represent a designed environment
before it is built? What are the right ques-
tions to ask about such a representation? Real
or proposed physical spaces are notoriously
difficult to model or manipulate experimentally,
not only because they are expensive and time-
consuming to construct but also because they are
highly complex, their effect may be revealed
only over extended time, and their connotations
will vary with different kinds of self-selected
users in variously-defined groups.

In a test of scales and simulations, the exte-
riors of 4 recently-constructed campus buildings
were evaluated on five 7-point labelled scales
by 2 control groups (N=38 each) of subjects ran-
domly selected from a pool of 304 naive adults,
Other equal-size groups from the same pool eva-
luated the same 4 buildings simulated by either
3-dimensional models, or color photographs, or
black and white photographs. Some groups view-
ed each building from one position only, while
others viewed each building from two positions,

In general, the 4 buildings rated high on some
scales and low on others, and the different
simulations did not much affect average ratings
pooled across buildings., What the simulations
did significantly affect (on all 5 criteria)
were the relative mean values between different
buildings.

This finding, if valid, bears importantly both
on user preconstruction judgments between design
alternatives and (often) on the post-construction
selection of buildings meriting architectural
awards. The architectural simulation is appa-
rently not typically a psychological surrogate
for the real facade.

Introduction and Qverview

Research on the behavioral and aesthetic impli-
cations of architecture has been impeded by (1
very considerable methodological difficulties.
Firstly, the unit demarking the independent var-
iable (typically, an alternative design of a
building or environment) is extraordinarily com-
plex, so that it is most difficult to relate
behavioral differences observed between alter-
natives with particular structural differences
between them. Secondly, the effects of struc-
ture (of environments or buildings) on inhabi«
tants may become manifest only over a very long
time frame .., perhaps years, Thirdly, effects
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on inhabitant groups may be quite different
from effects on individual visitors or clients,
Fourthly, even if two structures are very simi-
lar in all but a few significant features, an
investigator would be hard-pressed to establish
that behavioral differences between their in-
habitants are attributable to differences be-
tween the structures rather than physiological
or psychological differences inherent between
inhabitant populations who usually are self-
selected ... people in social groups are 'con=-
founded," in an experimental design sense, with
places. Finally, buildings, and other designed
environments which characteristically surround
their inhabitants while the latter move about
within them, are most difficult to simulate in
research laboratory settings,

Given these difficulties, most researches on
behavioral results of architectural design are
restricted to case studies, As in the early
stages of scientific investigation of any field
of natural phenomena, case studies provide in-
sight into the range of aspects of human behav-
ior which can be affected by environmental (and
especially architectural) forms. However, ex=-
cept in isolated instances, such studies do not
allow one to make assertations about which
features of the environment are associated in a
causative way with which features of observed
behavior.

Given the difficulties of assessing the affects
of complex structures, two paths are open.
Firstly, a sufficiently large population of
case studies, each applying at least roughly
equivalent methods of evaluation to standard
features of behavior, can be accumulated so that
multivariate or cross-clanification analytic
techniques can be applied.

Secondly, one can attempt to experiment with
structures, either in full scale or real time
or in terms of simulated settings abbreviated
in time and space, Full-scale real time simu-
lations are relatively rare, There are two
kinds: the "natural experiment" and the full-
scale mockup, Natural experiments are natural-
ly infrequent, while still retaining many of
the disadvantages of the case study, Full-
scale mockups are expensive to create realisti-
cally and difficult to investigate because often
the process of(§gvestigation itself reduces
their realism, Accordingly, behavioral
scientists have turned to small-scale



simulations which allow them to make practical
application of the established experimental lab-
oratory methodology of the behavioral and life
sciences,

Architectural Simulation

Small-scale representations, simulations and
mockups of built places are the very "stuff" of
architectural practice; in a sense, any time a
designer sketches alternative forms and judges
one is better than the others, he conducts a
simulation experiment. The great difficulty is
that one never knows whether responses to a
simulated architectural environment (c.f., e.g.,
Ritter & Hibb, 1969) or conversely respondents'
expression of environmental preferences through
the manipulation of small modeling (e.g., on
sandtable ... see Michelson, 1966) are the same
as when architectural forms are expressed in
full scale.

For example, when one views a model on a table,
his perspective and the angle the model sub=-
tends at his eye are different from when he views
the image at eye level, Sky-lighting, shadowing
and the surroundings extending from the model or
mockup may also lack verisimilitude. Because
small-scale simulations typically can more read-
ily be seen in their entirety from one viewing
position, building designs may impart a greater
sense of integration than would be inferred by

a viewer at ground level, Perspective drawings
or photographs may avoid some of these difficul-
ties, but two-dimensional approaches to simula=
tions of buildings and designed places, have
other faults in addition to their inherent two-=-
dimensionality.

Experimentation with architectural simulations
become even more difficult when one is concern-
ed with the insides of structures surrounding
their occupants, rather than merely external
facades (Langdon, 1970; Lau, 1970; Winkel &
Sasanoff, 1970). And the whole question of the
merits of simulations becomes extraordinarily
complex when we begin to discover .., as we will
... that some simulations give good verisimili-
tude for some purposes but not others; thus in
experimentation the simulation technique one
uses will vary with the attitudinal, social or
behavioral dependent variables measures, as well
as the kinds of forms and spaces to be represent-
ed.

Yet simulation is vital to the development of a
body of knowledge in architecture and planning
which includes generalizations about how fea-
tures of form shape human responses. Valid
simulation also has great practicality, in that
it permits one to have confidence in his or
others' interpretations of the effectiveness of
proposed designs (represented by small=-scale
modeling in two or three dimensions) upon human

6-10-2

functioning. There are as yet no grounds for
such confidence, To put it bluntly, all
h'mmming and nodding of heads that occurs today
when hundreds of architects present thousands

of pretty sketches and handsome models to scores
of thousands of clients' building committees is
just as significant, and no more, as the ooh'ing
and ah'ing of the same people at a noontime
fashion show in a men's bar. The sole purpose
of the exercise is sociological rather than
critical, for the viewers are unskilled in read-
ing architect's plans and the intentions ex-
pressed in his plans, Even where it is other=-
wise, predictions of what people will do in
planned buildings (rather than what they are
supposed to do) are rarely if ever corroborated.

Architectural Scales

A consideration of "architectural meaning" in-
volves an attempt to define what we mean by
"mean'. Invoking Osgood's language of the
"sign'" and “significant", architectural mean-
ing (like semantic meaning) involves the medi-
ational links between the significate (the
architectural display) and the signs used to
represent it (the word descriptors to which we
respond)., However, the incautious assumption
that a semantic differential applied to a
stimulus object (building) yields equivalent
information as a differential applied to a
stimulus concept (word -~ itself a sign) may
have led us to conclude yet unproven conjec=
tures about the nature of architectural meaning,
Osgood stands on firm ground in using a sign
(word) to investigate meaning of another sign
(word)., As yet, no one in the environmental=-
behavioral disciplines has demonstrated a tech-
nique to study the meaning of a significate
(building) via the medium of a "significant"
differential. Pending such discovery, architec-
tural "meaning' can only be investigated in
terms of threads of unity found among multiple
samples of respondents, investigators and pro-=
cedures, through the emergence of similarly
ranked loadings on common sets of dimensions
gathered in a multiplicity of settings,

Despite inherent weaknesses of prior studies,

a closer look reveals an emerging pattern of
what constitutes architectural meaning, The
most frequently referenced users of the seman-
tic differential approach are Vielhauer (1965),
Canter (1968), Hershberger (1969), Craik (1969),
Collins (1970) and Janiskee (1971) (whose work
is not yet in print), A compilation of the
findings of these six investigators affords a
look at their factor structures (arranged by
rotated factor emergence).

There is noteworthy agreement among the six on
the first factor., All find a factor strongly
indicating aesthetic evaluation; but {or none
is the loading pattern identical to Osgood's



semantic evaluation. Note that good-bad ap-
pears well down the ranked loadings, if at all,.
Also for four of the six, there is clear evi-
dence of a confounding of aesthetic evaluation
with activity (loadings on dynamic, exciting,
revolutionary, lively, active).

The second factor emerges almost as cleanly

for the six. All report high loadings on neat,
orderly, tidy, clear, stable, simple, calm,
peaceful, etc, Closer inspection of lower
ranked loadings suggests that there may be some
confounding of orderly, tidy, neat into simple,
rational, straightforward,

Four of the six studies show a third factor
related to size, but usually broken into sepa-
rate components of physical size or phenomeno-
logical size. For Hershberger, spacious-

ness and open were confounded into Factor I; his
third factor then reflected strength, boldness,
etc, Janiskee did not include spaciousness but
instead had a third factor relating to distance
and accessibility,

TABLE 1

Factor Structures for Six Researchers
of Environmental Descriptors¥*

Factors
1 11 111
w | pleasant neat roomy
5 appealing orderly free space
g inviting tidy uncroyded
v | gay organized comfortable
S |cheerful clean
pleasant tidy spacious
E interesting clean constant
g lively coherent flexible
o factive clear
stable
cheerful ordered strong
& welcoming clear bold
0 ) .
b beautiful strtfrwrd. profound
2 active rational rugged
@ exciting simple good
9 |interesting
jao] :
(spacious)
dismal calm big
. distressing cozy huge
5 |expressionless civilized elongated
] glamorous broad
gay
» |interesting peaceful spacious
£ )inviting quiet roomy
— |dynamic orderly uncluttered
& exciting neat open
animated secure
¥ linteresting constant near~far
% |beautiful stable central
‘& |pleasant calm accessible
2 |impressive inflexible
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*Collins, J.B. Scales for Evaluating the
Architectural Environment. Presented at
American Psychological Association Convention,
Washington, D.C., September 3-7, 1971.

Experimental Design

The major classes of factors which affect judg~
ments about architectural space have been well
summarized by Brunswick et al., (1943) and Craik
(1968). Judgments depend on what (kind of)
spaces are being judged, who is doing the judg-
ing, what kinds of judgments are being asked of
the judges, how the different building spaces
(stimuli) are represented (simulated), and under
what conditions judges view the representations,
The experiment described below attempts inves=
tigation of three of these factors.

The experiment focused on judges' responses to
the overall exterior form of four different
buildings on the University of British Columbia
campus which were constructed within the past
decade, Thus the study gave explicit considera-
tion to the first factor discussed by Craik:

the kind of space (facade) to be judged varies
at four levels,

When building facades are being judged, it
would be better if judgments were not contam=-
inated by previous knowledge about the particu-
lar buildings. Fortunately, the University in
1970 hosted a tri-annual "open house'" for the
regional community, with many persons (e.g.,
parents) visiting the campus for the first time,
These persons made good subjects for experie-
mental purposes, both because they could give
judgments based only on what is shown to them
and because in most cases they came to the cam=-
pus expressly to look at buildings as well as
other things.

Thus the second factor of Craik (who is doing
the judging?) was not varied, Judges were
visitors to, rather than users of, the campus,
They presumably were unfamiliar with the test
buildings. The buildings tested were not dif~-
ferentiated to subjects with respect to purpose
but instead were appraised under the rubric
"campus buildings,"

An advantage of full-scale or small-scale ex-
terior models is that they can be viewed from
various perspectives. However, small-scale
mockups and full-scale representations are very
expensive, Much cheaper representation can be
obtained with plans, perspectives, elevations
and sections, These in turn may be ineffective
in inducing valid judgments; this failure may
derive either from the fixed viewing perspective
which graphic representations entail, or from
their lack of three-dimensional depth.

The four test buildings were each visually re=-
presented to judges in four different ways: in



full scale, in scale models, in color photo=
graphs and in black-and-white photographs.
These various representations or simulations
constitute a test of Craik's third factor: the
way that buildings are represented to judges,

To provide a limited test of the fourth factor
discussed by Craik ,..the conditions of judg-
ment with respect to simulation and viewing
angle .., judges were asked to view real build-
ings or their three~dimensional models from one
or alternatively two perspectives, which were
also specifically those used in the two-dimen-
sional photographs of the same buildings.

A final consideration raised by Craik is the
kind of judgments asked, with respect both to
quality and scale of measurement (e.g., rankings
vs, ratings). Previous research suggests that
people tend to conceive of their enviroument in
terms of (among other things) peacefulness,
strength, orderliness, and potential interest-
excitement. A general dimension is pleasingness.
Each subject was asked to judge each of the four
buildings in terms of verbal scales reflecting
these conceptual dimensions.

Quite likely, some ways of simulating space are
valid in terms of some evaluative dimensions
and not in others; however, in this experiment
only four fixed simulations and five fixed
conceptual dimensions were considered with re-
spect to four selected buildings. Otherwise
the scope of this study, already highly complex,
would have had to be expanded to include con-
sideration of a wide range of dimensions in
terms of which subjects can judge space.

Details of the Experiment

The experiment consisted of the evaluation of
the facades of four different buildings (see
Figures 2-5) on the University of British
Columbia campus under four different simulatioms,
each viewed from two positional alternatives,
with each test subject using five rating scales,
Generally, then, the experiment had a 4 x 4 x 2
x 5 "mixed" design (partly factorial and partly
hierarchical) with buildings, simulations posi=~
tional alternatives and rating scale criteria
forming the four variables., Test subjects, all
aged 16 or older, were recruited from passers-
by attending the triennial University of British
Columbia Open House. FEach test subject was ini~-
tially handed an instruction sheet briefly de-
scribing the project. Next, he had a "dry run"
on the five different criterion scales (Figure
1), using as stimulus an architect's drawing of
a proposed campus building (Figure 6). After
the subject read the instructions and completed
the "dry run," his responses were scanned for
assurance that he understood use of the scales
and was aware that any of seven scale levels
could be used in responding, He then became one
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ARCHITECTURAL EVALUATION PROJECT

Researchers in Architecture and Environmental ?sychology are concerned with
determining how the visitor to the University of British Columbia campus
experiences and evaluates the various buildings on the campus complex.

A few minutes of your time will greatly assist us in planning more effectively
for persons who visit the campus less frequently than faculty or students.

To familiarize you with our {nformation collecting procedure, we would like
you to examine an Architect's drawing of the Pharmacy Building Addition and
to report your impressions of it on the following set of five scales.

Study the building -~ then consider each scale aud mark an “X" at that
point which to you represents the best assessment of the building.

PEACEFUL PEACEFUL
QUIET : : : : s QUIET
none at all  slightly somewhat:moderately considersbly very extremely
STRONG STRONG
B0LD, : : : : s BOLD
none at & slightly™ somewhat woderatély considerably very extremely

DYNAMIC DYNANIC
EXCITING, i : : : o EXCITING
none at all sLightly somewhat moderately considerably very extremely
ORDERLY ORDERLY
TIDY : : : . P TIDY
none at A1l s1ightly somewhat moderately coneiderably  very ~extremely
PLEASING . ) PLEASING

APPEALING APPEALING

none Rt 1T STIgh]y — somewhat moderately considerably very ~exiremely

When you have completed this sample evaluation, the project director will
provide you with an Evajuation Booklet and will direct you to a viewing
station at which you will assess actual campus buildings.

Thank you for your interest and cooperation’

Figure 1. The test form, showing the scales

Figure 2., CGraduate Student Centre

Figure 31, Frederic Wood Theatre



Figure 7. Tents housing models and photographs

Figure 4, Lasserre Building (architecture,
art and planning)

Figure 8, Model viewing tent. Note eye-level
viewing tunnel on box at right

Figure 5. Music Building

Figure 9. Outdoor substation for viewing
Figure 6. A 'dry run" in the headquarters tent real buildings
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of 38 subjects assigned to each of eight test
conditions (one vs. two viewing positions, x &
modes of representation)., He received a pack of
five 5-inch by 8-inch cards, including a '"cover"
card and four answer cards (Figure 1), Each
answer card applied to a particular building
facade, identified to the test subject only by
number; the sequence with which buildings were
viewed by test subjects varied systematically
between subjects, in eight different orders,

The four answer cards (one for each building)
each included five rating scales, in a fixed
order throughout a subject's pack; however, dif-
ferent test subjects received packs in which the
order of scales varied among five alternative
sequences., At the bottom of each answer card
was space for the subject to write in words de=
scribing each stimulus building.

After receiving his pack of cards, the subject
was directed to one of four test stations at
which one of the four experimental simulation
modes was represented, Three stations were en-
closed in translucent tents along the Main Mall
of the campus (Figures 7 and 8); the fourth
(“"real building") simulation station was actual-
ly a pair of substations (Figure 9) from which
subjects were directed to marked positions from
which test buildings were to be viewed., Subjects
moved from building to building (or simulation
thereof) in the order shown in their pack of
cards, and after completion of their task they
submitted their pack of cards to a station at=-
tendant,

All this sounds very neat and orderly, but of
course it wasan't at all., Outdoor experiments
are full of devilish resistances and obstacles
which rise to confound the experimenter. The
tents housing the simulations, for example, had
to be made of a reasonably light polyethylene
stretched on a metallic frame, The structures
were not very strong, which became manifest on
the first day of Open House, characterized by
drenching rains and high winds. The models and
photos were saved at the last minute, before the
tents collapsed. This was as well, for the
models each cost several hundred dollars, being
hand-made to exactly the same scale for all four
buildings, using exactly the same qualities of
materials and finish for each, to architectural
standard. The same is true of the photographs
taken by a professional architectural photo~
grapher at comparable fees, Then too, getting
the subjects ordered into test groups dizzied
our lives for a few days, for we had eight dif~
ferent arrangements of the stimuli times five
arrangements of the scales times four different
simulation color codes times two viewing posi-
tion codes for each simulation, making a total
of 320 different decks of cards to order, each
replicated twice and thereafter systematically
interleaved so as to achieve practical balance
of sequencing and treatments, Then there were
the usual personnel problems ,.., our dozen test
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monitors quit for lumch just when the big crowds
came. It was a frenzied day,

A total of some 600 cases were run, but many
had to be discarded due to being under age, or
being students or failing to complete the full
set of response cards, The latter difficulty
particularly occurred in the viewing of the
four real buildings, which had to be visually
separated from each other and therefore had
long distances between them, Time delays en-
tailed in viewing the models, which were to be
squinted at eye level through narrow slots also
lead to the loss of some subijects, After screen-
ing the responses for all sources of error and
omission, the least populous of the eight test
subject groups held 38 cases, so other cells
were pruned down randomly to this size (with
some loss of reliability) so that all cells
could have equal N's for reasons of computa-
tional convenience.

Results

Under the experimental design used, each test
subject was put in a group (N=38) which used
five scales to rate the four stimulus buildings,.
It would be nice if a person's twenty ratings
were independent of each other, so that means
and variances calculated over persons could be
regarded as tantamount to independent replica=-
tions of test effects. To this end, the order
of looking at buildings and the ordering of
dimensions judged for each building were varied
systematically, However, independence of scales
was not fully achieved,

Others’ factor analyses of semantic studies
indicated common loadings (see Table 1) on some
of the scales selected for test: thus "pleas=-
ing, appealing' appears to have a factor strucw-
ture relation to "exciting, dynamic", and "or-
derly, tidy" may share some common structure
with '"quiet, peaceful,

Intercorrelations among the scales are all
positive and mostly of reliable order, Those
of the pleasing, appealing scale with others
are the highest., Noteworthy arc the intercor-
relations for pleasing, appealing vs. dynamic,
exciting and for dynamic, exciting vs. strong,
bold, Clearly there was a strong "halo" affect
ing raters' evaluations of buildings on suppos-
edly independent dimensions,.

On the other hand, the four test buildings did
differ in their ordinal positions on different
scales (see right-hand column, Table 2), Gen-
erally, the Graduate Center and the Music
Building received higher marks than the other
two buildings, but not on all of the scales,.
Also, in all but one case, the four buildings
were rated lower on the "dynamic, exciting"
dimension than on the other scales; this sug-
gests a blandness or austerity of frame-and-



pleasantness or appealingness of a build-

TABLE 3 ing much depends on how it is represented
Mean Ratings (M«38) of Bulldinps Varying in Representatlon and Position to the public o that iS, there is a
Mode of Bullding Representation significant Building-Simulation inter=-
Scale Building Real Model . Color Photo B&W Photo Mean action.
fos 1 Pos 2 Tos 1 FPos 2 Pos 1 Pos 2 Pos 1 Tos 2 (R=304)
leasing,| ©C 4,63 450 4,03 4.66 471 439 437 4,10 4,42 Note that the position variable ... with
izpealing| FW 4,61 4,29 3,71 43¢ 4.16 4,82 3,51 3.79 412 . -
’ 1A 3,71 3.47 405 3,66 3,36 3.6 4.05 4,13 3,75 levels depending on whether a person ap
b 4,71 4.50  4.16 4,71 4.67  L.4T  3.68  3.95 6,33 praised a building or model from just one
Mean 4,61 4,19 3,99 4,34 4.7 4,32 3,91 1.99 4.7 viewpoint angle (or saw just one photo-
Syaemte, e 330 371 376 3.50  3.60 345 3,26 332  3.47 graph), or from two .., has no main effect
exciting Fu 3.97  3.63 345 342 350 3746 2,97 3.29 3.50 on the data nor an ignific inter=
LA 3.05 3.26  3.24 3.13 3,03 2.97 3.58 3,34 3.20 ; - y s.g ant’
B 4.8%  4.26 3,63 3.84 4,08 4,42  3.82 3.87 4.10 action with other variables; this was
Mean 3.82 3,72 3.52 3.47 3,50 3,64 3.40 3.45 3.57 found generally to be the case across
all scales.
srderly, [ 4.66 4.5 4.08 4,50  4.66 4,76 4,37 4,16 4,48
cidy W 4,45 4.3 421 5,03 4.47 4,79 3.89  3.50 4,34
LA 4.24 3,53 5.21 5,03 4,00 3.82 4,92 4.74 4.43
xB 4,89 4,58  4.82 5.11  5.53 5.26 4,63 4,58 492 TABLE 3
Mean 4,56 4,26 4,58 4,91 4,66 4.66 4,45 4.24 4,54 Analysis of Variance of Pleasing, Appealing Ratings
Strong, e 3.45  4.13 496 4,00 3.84 3,8 3,8 3,68 3.83
boid W 4,35 3,71 3.97 3,58  3.92 3,89 3,71 3,39 3.82 Source € ¥ Frror F
1A 3.82 3,66 4,18 3,58 3,68 3.32 4,53 4.05 3.86 2.58 N =1
B 5.37 5.24  4.37 4,16  5.05 5.13 4.5 5.08 | 4.87 Position of view h
Simulatfon mode 3 7.25 1.79
Mean 4.24 418 4,07 3.83  4.13 4,05 4,20 4.05 4.09 Pos. x Sim, ) .37 A .08
peaceful, | Gc 5,05 4.79 4,13 4,03 44T 473 4,08 4.13 442 Subjects (error A) 296 4,05 B 1,76%%%
quiet ] 3,58 3,95 3.82 4,03 3.79 3.7 3,18 3,16 3.65 6.54 11.66%8%
LA 3,03 3.8, 4,16 3.79  3.61 3.58  3.63 3.76 | .67 Buildings 32 B
%5 3.74  3.55  3.76 3,86  4.47 3,76 3,37 3.39 3.72 Building x Pos. 3 2,29 B <1
. 7.20 3130k
Mean | 3,85 4.03 3,97 3.92 .09 3,97 3,57 3.6 3.87 Bullding x $im K B
BxPxS$S 9 2.33 B 1.01
. . Subj, x Bldg, (error B} 888 2.30
sheath architecture on the campus studied,
Total 1,215
Py . ko
vValidity, <01

A key issue in this study is
whether one can simulate the outside of build-
ings by models or photographs in order to cre-
ate viewer impressions veridical with those
generated by real buildings when viewed from the
outside., By way of an example of our results,
Table 2 gives mean ratings on the pleasing,
appealing scale of the four stimulus buildings
for each mode. On the seven-point scale (see
Figure 1), an overall average of 4,17 as shown
in the lower right hand corner of the pleasing,
appealing data in Table 2 indicates that our

four test buildings impressed visitors as no
more than moderately appealing. We were glad to
see that the real buildings generally rated as
high (in the "mean" row) as did their double-
gangers,..but not much higher, We also see
(along the extreme right column) that the scale
discriminates clearly between the test buildings,
with lower ratings allocated to FW and LA than

to the other two buildings. Note, however, that
this overall pattern is not replicated under dif-
ferent simulations; in the color photo mode, FW
is a winner on the pleasing, appealing scale,

and in the black-and-white photo mode LA rates
higher than MB,.

Table 2 confirms the reliability of observed
variations in ratings. Because the experimental
design is mixed, being partly factorial and
partly hierarchical, different error terms are
used to estimate the significance of different
effects., The analysis confirms that the average
ratings of the different buildings do in fact
differ significantly, but that the relative

6~10-7

On all of the scales for which data are report-
ed in Table 2, the main effect of buildings
tends to emerge more strongly among the real
buildings than among the simulations; on two of
the five scales, the top-rated real building

is scored more than a full scale point higher
than its competitors. While the same pattern
of differentiation also appears in the simula-
tions, it does so much less markedly. Of the
three simulations, that which seems to gain re-
sults more closely resembling those elicited by
the real buildings is the color photograph mode,
while ratings obtained via the models and black-
and-white photos tended to blur the contrasts
noted just above,

TABLE 4
Summary of Three ANOVA Tables

t:;::‘:t Er:ir . Probability of‘F ratios
Scale ratings Bldpgs. Bldg. x Sim, Other
Dynamic, exciting 3.57 2.7 «<,001 .02 n.s,
Orderly, tidy 4,56 1.59 =001 001 . 05%
Strong, bold 4.09 1.93 -~ 001 «<.001 <z, 02%%
Peaceful, quiet 3,87 1.79 <z.001 «<z.001 n.s.

*Simulation effect
*%Building x Position interaction

Data in Table 4 summarize the ANOVA tables for
the four scales dynamic, exciting; orderly, tidy;
strong, bold; and peaceful, quiet, On all

scales both the Building main effect and




3uilding~Simulation interaction were hizhly sie-
nificant, telling us both that the buildings
iiffered reliably in terms of the scales, and
that the nature of these differences varied with
imulatien.

o determine more exactly how the simulation
mndes represented reality, the means shown in
Table 2 for each of the five scales in the
"real" mode were used as standards against which
to correlate means obtained from simulations.
The two viewing positions were treated as repli-
cates, Thus, for a given scale (e.,g., pleasing,
appealing), mean scores for both positions in
the "real" mode were first ranked and then cor-
related by means of Goodman and Kruskal's

gamma 3,

By this means, four correlations were generated
between the two positions for 'reality" and

the two positions for any given simulation; over
five scales, twenty gamma values resulted. The
gamma values for a given pair of simulation po-
sitions were averaged (arithmetically) over all
five scales. Resulting values are shown in
Table 5.

TABLE §

Mean (N=5 Scales) Garma Values between Eight Subject Groups (N=38)
Viewing Test Buildings under Alternstive
Representation Modes and Positions

Representation

Posftions correlated Real Model Color Fhoto B&W Photo
1vs2 .60 .32 .73 .86
Real position 1 vs,

simulation position 1 - .07 .80 .00
Real position 1 vs.

simulation position 2 - N7 .80 .00
Real position 2 vs.

simulation position 1 - .17 J1 .17
Real position 2 vs.

simulation position 2 - .76 S1 .20

The data in Table 5, showing gamma correlations
averaged over scales, indicates the rating data
from black-and-white photographs tends to cor-
relate highly (first row) with itself (i.e,, is
reliable) but has a very low positive relation-
ship with reality, The best average performance
over all scales, is provided by the color photo-
graphs, which correlated highly both with them-
selves and also with reality, The models seem~
ingly do well at predicting reality only when
both models and reality entail viewing a build-
ing from two distinct positions.(6

By a somewhat analogous procedure, the 16 mean
gammas in Table 5 were decomposed and re-
averaged over scales, with results as shown in
Table 6, The better average gamma performances,
over all representations and positions, are
those deriving from the dynamic, exciting and
strong, bold scales,

Thus, taking Tables 5 and 6 in combination, it
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TABLE 6

Mean (N=16) Garma Vilues
between Reality and Siaulation
Ranks of Buildings on Five Scales

Pleasing, appealing .30
Dynamic, exciting .63
Orderly, tidy .36
Strong, bold . .53
Peaceful, quiet &2

would appear that greatest degree of verisimi=
litude using simulations obtains when one uses
color photographs to appraise boldness, excit-
ingness or like concepts.

Reliability. Eight subject groups (N=38
each) under varying viewing conditions used
five scales to evaluate the test buildings,
From these data, forty separate analyses of
variance were generated, one for each scale in
each condition, A typical example of one ANOVA
is shown in Table 7, Note that the mean square
error is somewhat high in this example (relative
to 7=-pnint scales generally) and inter-person
error is very low (relative to most rating
groups).

TABLE 7

Analysis of Varisnce of Pleasing, Appealing Ratings
of Real Buildings Vieved from Fosition 1

Source Sum of Mean
df Squares Square F
Buildings 3 25.33 8.45 3.32%
Persons 37 93.14 2.52 .99
Error 111 282.41 2.54
*p <.05

The error term in the example (Table 7) is an
estimate of the reliability of obtained scale
values of buildings represented under a speci=-
fied set of circumstances. To estimate scale
reliability under varying circumstances, the
forty error mean square values were extracted
from the forty ANOVA and arrayed in a table
showing error values for five scales, four
simulations and two positions, Marginal median
values for the five scales, and for the eight
test groups, are shown in Table 8.

TABLE 8
Median Values of Mean Square Error Terms
Scale Simulation and Position
Pleasing, appealing 2.44 Real, position 1 2.20
Real, position 2 2,37
Dynamfc, exciting 2.26 Model, position 1 1.63
Model, position 2 2.24
Orderly, tidy 1,56 Color Photo, pos. 1 1.8%
Color Photo, pos, 2 1.80
Strong, bold 1.91 B&W Photo, position 1 1.77
B&W Photo, position 2 1.79
Peaceful, quiet 1.69




7o test the reliability of observed differences
.0 average values, the forty mean square errors
were transformed into natural logarithms; means
vere calculated on transformed values and re~
iated back to values in Table 8 with only tri-
7ial differences emerging., Then the transformed
iata were subject to analysis of variance with
39 degrees of freedom. Results are shown in
Table 9. The results show a clear-cut main ef-
ect for scales, Reference to Table 8 shows

TABLE 9

Analysis of Variance of Forty Transformed
Error Variances

Sum of Mean
Source df Squares Square F

Scales 4 666,2 11,6 10K
Representations 3 163.6 54,5 3.3
$ xR 12 205.2 | 17.1 1.0
Positions 1 1.6 1.6 0.1
SxP 4 26.7 6.7 0.4
RxP 3 2053 68.4 4.1%
Error 12 199.1 16.6
*pe £,05
*xxpe £, 001

lowest subject-building "error" occurring when
the orderly, tidy scale is used, while relatively
poor consistency obtains when the pleasing, ap-
pealing and dynamic, exciting scales are used.
Seemingly our test subjects were less clear in
concensus about what is pleasing or dynamic than
they were about orderliness or peacefulness,

The analysis of variance of error variances
(Table 9) also suggests (at about the 5% level)
some reliability in observed differences in er-
ror terms between representations and positions,
The data (Table 8) indicate lowest concensus
among persons judging the real things rather than
the simulations, (It were ever thus!) Better
reliability seems to obtain for judgments of
photographs, while judgments of models varied in
unreliability, depending on viewing position,

A technical difficulty in building evaluations
is moving judges around the country judging dif-
ferent structures, Things would be easier (and
cheaper) if from a population of judges one
group is randomly selected and sent to look at
this building, another sent to look at that
building, and still others randomly selected to
appraise a third, fourth, etc., In such a case,
comparisons between judge groups would depend
for reliability estimates on variation between
judges within groups,

The forty analyses of variance discussed in con-
nection with Table 7 were first arrayed (as in
Table 8) with respect to inter-~subject variances,
then transformed into natural logarithms and sub-
ject to analysis of variance, None of the
values, which were similar relationally but not
absolutely to those in Table 8 were found reli=-
able except that (shown in Table 10) relating
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TABLE 10

Inter-judge Variance in Eight Groups
Varying in Node of Representation
aod Viewing Position

Mode of Viewing Position
Representation 1 2
Real 4.3 4.5
Model ) 4.7 5.2
Color photo &.1 3.8
MW photo 6.2 3.4

to an interaction between mode of building
representation and viewing position. As can be
seen, the interaction derives from greater
inter-judge reliability obtaining from viewing
two photographs while slightly lower inter-judge
reliability happens when a real building or
model is viewed from several angles, This in=
teraction, significant at the .05 level, may
however be artifactual,

Power, Reliability of scales and viewing
conditions is important, but the ultimate con-
cern is for power in measurement. One measure
of power, applying to type I error, is the F=
ratio relating stimulus (building) variance to
error variance, -

To test power obtaining under the various
measurement conditions appraised, F-ratios for
buildings were extracted from the forty analyses
of variance illustrated in Table 7. Marginal
median values obtained are shown in Table 11.

As we might have expected from earlier analysis

TABLE 11
Medjan Values of F-ratios for Buildings
Scale Sirulation and Fosition
Pleasing, appealing 3.4 Real, position 1 10.1
Rezl, position 2 5.0
Dynamic, exciting 2.2 Model, position 1 1.3
Model, position 2 1.6
orderly, tidy 5.7 Color Photo, pos. 1 5.5
Color Photo, pos. 2 7.3
Strong, bold 8.3 B&W Photo, position 1 3.7
B5¥ Photo, position 2 4.1
Peiceful, quiet 4,1

of error variances, the orderly, tidy and strong,
bold scales have highest power and the pleasing,
appealing and dynamic, exciting scales show
least discriminatory power,

To test the reliability of observed trends, the
forty F-ratios were normalized by transformation
to Fisher's z(1957, p.2 and Table V), to which
unity was added so that ratios lower than one
would be expressed positively, The transformed
values retained in large part the direction and
extent of relationships shown in Table 11, These
values were then subject to analysis of variance
according to the procedure outlined by Anderson
(1961), Results show the scale effect on power
to be suggestive but not significant at low
level of probability, However, the mode of



representation effects appeared as quite reli-
able (p<«.01). Seemingly, when viewing the
models, the judges could not nearly as well
distinguish between buildings in terms of the
dimensions requested as when they viewed photo-
graphs or the real buildings. No other effects
or interactions were found to relate reliably
to power,

Summary and Discussion

The results summarized above suggest that the
qualities that buildings impart to viewers are
generally similar over simulations. All build-
ings scored relatively high on tidiness and low
on excitingness, irrespective of the simulations
used, On the other hand, the relative pleasing~
ness of the Lasserre (LA) Building clearly im~
proved in its black-and-white photographic ren-
dering, and the same kind of observation can be
made about other buildings' rankings on other
dimensions in other renderings,

We were glad to observe that the Thea Koerner
Graduate Students Centre (GC) rated generally
quite well on the scales. This is good, for in
1962 this building won a Massey Gold Medal as a
leading architectural design in Canada; had it
scored poorly, the validity of our scales (or

the validity of the award) would have become
suspect, The Massey Medal is awarded solely on
the basis of simulations ,.. judges do not trav-
el about the country to view candidate structures
in vivo, The results of the present experiment
do not invalidate this procedure, they only make
it suspect by revealing significant Building-
Simulation interaction on every dimension tested.

The results of the present study do not defini-
tively set the rules for valid use of surrogates.
The seven-point scales used were somewhat arbite~
rary in format and content, the selection of
buildings used was fixed and relatively homo-
geneous, the five dimensions studied were a
fixed selection, and ratings on the five dimen=-
sions were performed concommitantly and there-
fore interdependently.

Nonetheless, the results seem to make sense,

The error variances are reasonably good for
scales of this length, the real buildings serve
as more contrasty stimuli than their simulations,
and there is a measure of agreement that some
buildings are more outstanding than others on
this or that dimension. The chief merit of the
study is in the size of its sample of people,

so that the reliability of trends can be firmly
established. Also important is the consistency
of procedures: all models were made by one
artisan; all photographs were taken by a pro-
fessional on a given day at a specified time;
all representations were viewed from closely
specified points; all subjects were run in one
day, a day similar to that used for photography;
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all subjects were adults and strangers to the
campus; all subjects were systematically spread
among different treatment groups, and all test
sequences were balanced between groups,

validity, reliabilitv and power data ohtaining
from the study seem at least consistent. Color
photooraphs appear to zive good representation

of reality, relative to models and black-and-
white photographs, The color photographs also
provided good reliability and power, Viewing
position (single vs. double angles) had little
effect on the data. .Among the scales, the strong-
bold scale seemed to give good reliability and
validity.

This work is, of course, only beginning, Ap-
praisals of method are planned to extend further,
to architectural renderings and photographs of
models, Other students are exploring videotap-
ing, modelscope photography and full-scale
mockups, More work should be focussed on isolat-
ing the scales most pertinent to building fa-
cades, The present authors are now considering
study of scaling and simulation of the interiors
of proposed buildings; a set of new problems
arises in these considerations.

Other studies (Peterson, Woodman, and Eaton,
1968; Lau, 1970; Holmberg et al, 1967; Galvin,
1970) have suggested that generally simulations
appear to give results similar to those of
reality; but of course such results can not be
identical with those from reality, and the devi-
ations between real and simulation results has
not heretofore been subject to direct statisti-
cal test. The statistical tests herein all con-
firm that results from simulations are not con=-
gruent with those from reality, no matter what
the scalar dimension, although they may be simi-
lar, These results argue for scepticism about
the merit of evaluative judgment from simula-
tions and models. We should sympathize with
Leonard Fein when he remarks,

I am dazzled, as is any layman, by the

splendid models, complete to the last

detail, of tomorrow's buildings., I am

dazzled, but unpersuaded, for the models

are the architect's, not mine, They are

not mine even when he has finished ex-

plaining all their virtues and conveniences.

They are not mine because their virtues

and conveniences are the children of the

architect's conception. They are, at

best, a grafting of my groping hopes and

the architectural wisdom, They are, as

they are shown to me, an elaborate and

compelling diagnosis, and they are, as

well, an imposition. (1968, p., 198)

As Lowe (1969) remarks, today's architectural
prize winners are tomorrow's fiascos and ruins,
and between the conception and the creation,
between the idea and the reality, remains the
shadow of doubt,



Notes

*An earlier version of this paper was read at
the Western Psychological Association Conven-
tion, San Francisco, April 1971,

lprior to 1960, except in the housing field (see
Beyer, 1965, for review of that literature), lit-
tle architectural behavior research was performed
(Evans, 1966) although there were many researches
in the behavioral science fields...anthropology,
psychology, sociology,...which had implications
for environmental design (see SER, 1965, v.i,).
The "state of the art" was similar to that faced
by researchers two decades ago in bureaucracy

and complex organization (see Selznick, 1949;
Blau, 1955).

2Applications of this approach in social anthro-
pology, for example, include Cohen's 1955 study
of food=sharing practices or Murdock's 1949 anal-
ysis of kinship structures, both of which drew
upon accumulated case studies of societies in

the Yale University Human Relations Area File;
for a review of comparable research in the area
of formal organization, see Bass, 1965, or Blau
and Scott, 1962,

3Examp1es of natural experiments appear in civil
defense and disaster research literature,..see
Tyhurst, 1957; other well-known natural experi-
ments are reported by Festinger, 1956 and Kerck-
hoff & Back, 1968, Experiments involving full=-
scale mockups are fewer, but can be illustrated
in social psychology by the work of Sherif, 1961,
and other followers of the psychologist K, Lewin;
in bureaucracy by the work of the Non-Linear
Systems Corporation...,see Bass, 1965, pp.278-9;
and in architecture in the report by Sanoff, 1965,

4In social psychology such experimental simula-
tions of complex settings began after WWI and
have since become almost without number (McGrath
& Altman, 1966), Small scale simulations of
bureaucratic structures began a decade later, for
example in the work reported by the Gullahorns
(1965) and the development of elaborate business
games at Carnegie Institute of Technology

(Cohen et al, 1964) and elsewhere; these have
the merit of having been validated by corres-
pondence with the outcomes of detailed case
studies and natural experiments in the real
world.

SSince each correlation entailed only four pair=-
ed observations, use of gamma mitigated the ef=
fects of extreme values on the results,

SThe impact of these validity data is modified
by the consideration that the scales were not
wholly independent, so that a high average cor=-
relation between reality and a simulation might
be an artifact of the composition of the sub-
jects in the two groups being correlated.

We are grateful to Mr, John McMaster, Office of
Academic Planning, University of British

Columbia, for programming the mixed-model ANOVA
reported in this paper,
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