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Abstract. It is intended that this research will set up operational definitions of style and will
study the fundamental phenomenon of style. Four experiments were conducted. In experiment 1,
college students were asked to sort out pictures of buildings having the same style to test opera-
topal definiion. The results showed that style is recognized by the common. features present in
pictures. The term ‘common features’ refers to the swme physical foras appearing in many
design produocts areated by a designer. In experiment 2, smdeats were asked 1o sort out pictires
into four resemblance scales to 15t the degree of style. The results showed that the degree of
style is in proportion to the number of common features present. In experiment 3, an architecru-
ral bistonian identified 2 style in pictures that bad various featuwre combinations in order o
observe the measureracnt of style, which refers to the threshold for recogoizing a style. Data
showed that three features are the lower bouwnd for style recogmiton. Experiment 4 tested the
degree of distortion in order to measure the recognizability of z stylistic feature. Az expert
was asked to recognize distoried pictures, and the results showed that beyond 40% geometric
distortion 2 feamwe is no longer the label of the style. Observations made in this stedy suggest
that if an arrifact has at Jeast three features atmibuting to a designer, an individual style exists.
I four features repeat in a minimum of three different artifacts, an individual style is visible.

Style has been considered in aesthetics as the mode of expression, which is used for
idendfying the differences between periods, groups, or individual works. Historians
of culture and philosophers of history study the forms and qualities that are shared
by all the arts of a culture during a particular span of time. Art historians and
critics study the change, formation, and history of style. They use style as a benck-
mark to date and to locate onginal works and as a means to trace the relationships
among groups of works (Schapire, 1961). Thus, art historfans and critics create
classes such as Gothic, Baroque, or Rococo on the assumption that 2 certain
complex of elements common 10 & group of work is sufficiently stable, distinct, and
relevant to justify characterizing it as a style { Ackerman, 1963).

Many studies in different fields have explored the meaning of style, but these
studies have been concentrated mainly on the interpretations of the stylistic expres-
sions rather than on the substance of style. For example, the degree of style and the
measurement of style have not been covered in the lizerature. This is because such
endeavors have been limited by the available methodologies and because empirical -
approaches to understanding the related phenomenon of style have been lacking.
This study, where scientfic methods are applied to explore the fundamental
phenomena about style, has a rather different approach: to treat a style as an entity
that has aumibutes 2nd can be measured and recognized. Cognitive psychology,
which deals with mental activities, is an appropriate tool for inquiry, pamculariy.m
exploring how beholders percsive and differentiate style. In this sense, the studies
in this paper serve as a pilot research.

The purpose in this paper is to gain an understznding of the fundamentals of
style and 1o lay foundations for stdies on how styles result from ¢reanve processes
(Chan, 1990; 1992a; 1992b; 1993). Architecrare designed by architects is the
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subject matter used for observaton. Three major concepts are addressed: the
operational definition of style, the degree of style, and the measurement of style. A
hypothesis abour eack, based on the premises developed by scholars in the field, is
presented and then tested through four psychological experiments, In experiment 1,
the operatonal definition is set up to examine if common features in artifacts can
represent a style. Experiment 2 tests the phenomenon of the degres of a style
Experiments 1 and 2 were applied 10 thirty-one subjects. The group of thirty-one is
statistically accepted as 2 modest sample population and the results should repre-
sent a larger sample (McGuigan, 1983). Experiment 3 tests how a style can be
- measured and experiment 4 is focused on the recognizability of features that
represent a style. -In experiments 3 and 4, the repeated-treatment method was used
to test the level of recognizability of a style 2nd of features. A similar method has
been successfully used by Chase and Ericsson (1981) 1o study human memory.
Therefore, if the results obiained statstically prove or reject the hypotheses, the
conclusions drawn should be justified.

Definition of style: experiment 1
Style has been described in several ways:

“By style is meant the constant form—and sometimes the constant elements,
qualities, and expression—in the art of an individual or a group” (Schapiro,
15961, page 81). :

“In the study of the aris, works——not institudons or people—are the primary datz;
in them we must find certain characteristics that are more or less stable, in the
sense that they appear in other products of the same artist(s), era or locale, and

- flexible, in the sense that they change according to a definable pattern when
observed in instances chesen from sufficiently extensive spans of tme or of
geographical distance. A distinguishable ensemble of such characteristics we call
a style” (Ackerman, 1963, page 174).

“Style may be considered as the collective characteristics of building where
structure, unity and expressiveness are combined in an identfiable form related

to a particular period or region, sometimes to an individual designer or school

of design” (Smithies, 1981, page 25). .
These definitions share 2 common idea: that man-made objects can be categorized
according 10 comstant and recognizable forms (featurés). The replicated forms,
when consistently occurring, represent an artist’s partcular and preferred -way of
expression. Inasmuch as forms are media for the manifestation of expressions, they
can be characterized into different groups to symbolize different styles. This holds
true for architectural design as well. Cften, a designer uses certain featres in his or
her work 10 express certain meanings. If there are a number of feature repetitons—
repetitions of a set of common features—the repetitive features become trademarks
and the different sets of features characterize different styles, Hence, a style is
operationally defined by the set of common features appearing in artifacis.

The term “feature’ used in the definiton covers a wider range of meanings, such
as physical forms, panterns, or certain distinguishable characteristies. Different to
the meaning used in structural Enguistics (Hampton and Dubois, 1993), the concept
of feature developed in this smdy is Limited to cover only forms of design products.
Thus,a stylistic feature has the following propertes: (1) it is a form or composition
distinguished by some particular corfiguration or proporton; (2)it has some con-
textual relationship with other features; (3)it is originally generated by a designer
through certain creative processes; {4)it is adapted or copied by a designer from
other sources; and (5}it is a member of 2 set of prominent forms repeatedly used
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by the designer. If a feature is originally generated by a designer, it is a signature of
an individual style. If a feature has been copied by many designers, it defines a
group style. X 2 feature has been copied by many designers over a period of dme, it
defines 2 style of 2 pericd. Likewise, if a feature has been copied by many designers
over a period of time in a particular region, it defines a regional style. In this
research, the focus is on individual style. Thus, the notdon that a style exists in

products represented by a st of common features will be tested by the foliowing
experiment.

Method
Subjects
The subjects were first-year smdents from the College of Humanities and Social
Sciences at Carnegie Mellon University who were, at the time, tzking their first
psychology course. Thirty-one students participated in this experiment for course
credit. Because they were from fields other than architecture, they were not familiar
with zll the buildings presented 1o them. This prevented them from using prior
knowledge to distinguish known styles. '
Mazerials
Picrures of buildings designed by famous architects were presented to the subjects.
There were three major styles included, and each was represented by cleven
buildings designed by two architects. The thres styles were the praire style of
Frank L Wright and Vernon S Watson, the modern style of Richard Meier and
Michael Graves, and the vernacular style of Charles Moore and Robert Venrurl
Wright, Meier, and Moore were the three main architects chosen for study and each
had ten buildings mecluded. The buildings, mostly residential, were selected to show
common features in the picrares. For example, the number of common features
appearing in the srmuli ranpged from three to five for Moore,® five to six for
Meier,® and nine 1o 1en for Wright.®

The method used to develop the lists of features was to exiensively label all
namable feamres and primitive graphic elements on each picmre and have them
verified by thres faculty members. Then the set of common features were identified

- as the features appearing on at least three pictures. These pictures were selected

from publications, and each was mounted on a 4 inch by 6 inch white index card.
Procedure o

The subjects were asked 10 sort out thirty-three cards of buildings into piles, each
of which represenied a style. They were not told the exact number of cards and

* . were instructed that they could place any number of cards in each pile.

) Dovble-piteh roof, single-pitch roof, vertical redwood siding, protruded small units with
single-pitch roof, shingle roofing, Jefi and right declining composition, and white stucco
suracing.

 Full-beight glass wall with mullions expressing the interior structural grid, round colvmns,
cirenlar staircase, horizontal band of parapet, walls of vertical wooden siding painted whise,
pipe handrail on patie, overhang circular pladorm, protruded solid round staircase, protruded
swircase with solid handrail, proiruded staircase with pipe handrail, and overbang staircase
with pipe handrail.

&) Low hip roof, 2 band of casement windows, continuous bands of sifl, extended terraces
with jow paraper and coping, watertable, cormer blocks, planting wrns, massive brick

‘chimney, continuous wall between sill and watertable, overhanging eaves, and symmetric side

facade.
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Result A: feature-set identification
In this experiment cach style was characterized by a digtinet set of features, but not
all the features appear in each building. Sets of features can vary, permitting the
definition of subsets nested in styles. Therefore, features appearing in the buildings
also constitute subsets. For example, table 1 lists the set of common features
{oumbered 1 through §) and the subsets that appear in the vernacular style
represented by buildings designed by Moore and the Trubeck house by Venturi.
Presented by sets, features 2, 3, and 4 and features 1, 3, and 4 define subsets B
and D, respectively. There are five subsets apparent in the stimuli of the. vernacular
- style as shown in figure 1. A set of features can stand alone, representing one style,
or be subordinated to another set, representing a larger group of styles. For example,
subset D {1, 3, 4} stands by itself, and it also joins subset C 1o form a larger group.

Table 1. Summary of features apparent in the stimuk' of the vernacular style.

Building name Feature* Subser Building name Feature?® Subser
SB Club, 1968 2, 4,6,7.8 A Johnson, 1966 1,3,4,5 C
Koizim, 1671 2,4,6,7,8 A Ranch 11, 1969 1,3,4,5 C
Burns, 1972 2,4,6,7,8 A Swamn, 1976 1,345 C
Bonham, 1962 2,3, 4 B Bonham, 1962 1,3 4 D
Ranch 1, 1965 2, 3.4 B Trubeek, 1970 1, 4,5 E
Ranch, 1966 2,34 B

* 1 Double pitch roof; 2 single pitch roof; 3 vertcal redwood siding; 4 protruded small units
with single pitch roof; 5 shingle roofing: 6 left and right declining composition: 7 white
stucco surfacing; § full opening.

Figure 1. Venn diagram representing subsets in the stirauli of the vernacular style.

Although the subjects did not know the architects and had not seen the pictures
veforehand, they had no difficulty in sorting the pictures into piles. They did not
place pictures in a random manner; rather, the pictures were clustered into certain
fixed groups. In Moore’s pictures, for example, there were three buildings having
the set of {2, 4, 6, 7, 8}, and twenty-two out of thirty-one subjects {71%) identified
this and grouped these cerds together. Twelve of these subjects put these three

cards into a single pile to represent one style, and ten subjects mixed them as a
group with the other style (Meier’s cards).
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Discussion

The result suggests- that the subjects identify styles by distinguishing the same sets
of features. In other words, common features were used as clues for sorting
and categorizing pictures. According to Lakoff and Johnson (1980, page 163), a
categorization is “a natural way of identifying a kind of object or experience by
highlighting certain properties, downplaying others, and hiding still others™. The
subjects may have used different features 1o categorize the pictures. For clarifica-
tion, interviews with the subjects were conducted, after the experiment, to determine
the features used by them. The interviews showed that ithe subjects used the
techoique of comparing features and these features were indeed the ones included
on the list. Thus, the hsts did cover the possible common features from the
sdmules. '

Because there are many stylistic features in 2 given building, some features may
have been left out in the anzlysis of probable factors. This could account for the
variations in the data. For instance, 29% of the subjects did not sort subset A into a
sicgle pile. Because the anaiysis method used was based on the concept of sets and

‘is similar to the notior of categorization as studied in psychology, the hypothesis is
. further tested in the following by the theory of categorization.

Categocization and similarity

The word ‘category’ means a set of entities or objects that are considered eguivalent
and are grouped together based on some criterion or rule. According to Bruner
etal (1856) to categorize is to render discriminably different things equivalent, to
group objects and events into classes, and to respond to them in terms of their class
membership rather than their uniqueness. Swdies of categorization have included
natural-kind categories {Rosch, 1973; Rosch and Mervis, 1975; Rosch et al, 1976;
Smith 2nd Medir, 1981) and man-made objects {Reed and Fredman, 1973). These
studies have developed the concept of categorization in terms of a prototype model
(Posner and Keele, 19568) or the fearure-frequency model (Hayes-Roth and Hayes-
Roth, 1977). The prototype model suggests that a category is centered around a
representative prototype. The feature-frequency model emphasizes 2 match of
individual ieatures and combinations of features. Another major approach to
categorization is 10 compare the sirmilarities between objects {Smith, 1989). The
method has been described in terms of geometric analysis of similarity (Shepard,
1974} or by a hierarchical clustering scheme (Johmson, 1967). A more general
model of similarity, based on feature matching, bas been developed by Tversky
(1977). His theory of similarity is that objects are represented as collections of
features, and similarity is described as a feature-matching process. In his theory, the
similarity is a combination of the measures of common and distinctive features.
Thus, the similarity, S, between | and j is monotonically related to

SN = 85I N N—afI~-T)=EI=I), a.8,62 0,

where [ and j are two objects; I and J are the sets of features in 7 and j, respec-
tively; I N J is the common set of features in § and j; and J—J is the set of features
infbutmotinj. If § =1, and @ = § = 0, the similarity between the objects is
determined by their common features. If 6 = 0, and ¢ = § = 1, the dissimnilarity
is determined by their distinctive features only. The basic concept of Tversky's
contrast model is that similarity is an increasing functon of the properties common
to the objects. Applying this model to the definidon of style, we can rewrile the
hypothesis so that the pumber of times buildings i and j appear in one pile, N(Z, /),
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may be a function of the similerity of the two buildings, ${i, 7). For example, the
representation of the similarity between Moore’s buildings Ranch and Johnson is

S(Ranch, Johnson) = #£{3, 4}— afi2}— B41, 51.

‘The parameters in the model can be assigned any number. An increass in the
common features increased similarity and decreases difference, whereas an increase
in the distnetive feamures decreases similarity and increases difference. In this
experiment, the subjects were not asked to single out any particular building as a
referent for comparison during the sorting process. Every building was treated as
equally important. Beczuse there is no assigned subject of comparison with the
referent, all fearures are equally salient and the distinctive features count as much as
common ones {Tversky, 1977). Thus, the parameters in the model have egual
weight (specifically, @ = § = & = 1), and the model becomes *

S5, ) = £ 0 J)=f{I=T)=t{~1I}.

In this modified model, the value of the similarity berween rwo buildings, { and j,
is determined by the number of comumon features and distinctive features in { and J.
This value could range from positive (highly similar) 10 negative (highly dissimilar),
depending upon the pumber of common and distinedve features in 7 and j. This
vaiue of S{7, ) is aiso assumed 10 be a funcdon of the number of times that { and j
appear in the same pile. The greater the similarity value, the greater the probability
that two buildings will be placed on one pile, otherwise the probability of having i
and j shown on the same pile is zere. Therefore, this model accounts for both
similarity and dissimilariry.

The number of times buildings / and j appear in one pile, M, ), as a funerion
of 5{i,j) was piotted; the result is shown in figure 2, with y = 16.529+ 1.2828x,
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Figure 2. Relationships between the similarity of two buildings and the number of times they
appear in one pile.
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R*® = 0.847. These data suggest that style can be recognized by the commen
features between buildings. A larger set of common features appearing in objects
will be eastly identified as the same style.

Result B: number of piles .

The ‘pumber of piles’ corresponds o the total number of piles per style zs sorted by
the thirty-one subjects. Its value symbolizes the strength of holding a style.
Statistical data of the numbers of piles are presented in table 2. The numbers are
very close in Wright's (fifty-one piles) and Meier’s (forty-eight piles) styles, but the
value increases by 56% in Moore's style, despite the minor difference of feamre
numbers of between 5~ 6 and 3-5.

Table 2. Results of soring the styles,

Name of style  Number- Number Average pile  Number of Number of
of features  of plles  per subject misplaced piles | single-style
piles
Wright 8~11 51 1.65 1 to Moore 16
Meier 56 48 1.55 2 10 Moore 16
Moore 3-5 75 242 15 to Meier 0
Discussion

In comparisons of the feature differences among three different styles, the 56%
increase in the number of piles from Meler to Moore is considered significant. This
phenomenon suggests that more common features in products would: (1) make a
style coherent and less detachable (fewer piles), and (2) provide less possibility of
splitting a style into multiple piles. Two other observatons support this inference.
First, fifteen out of the thirty-one (48%) subjects misplaced Moore’s pictures (which
have the least number of features) into Meier's, but only one and two subjects,
respectively, misplaced Wright's (with the Jargest number of feztures) and Meier’s
(the mediwm number of features). This indicates that fewer features in ardfacts
result in poor identification, so that error occurs more frequentdy. Second, an equal
number of subjects (sixteen out of thirty-one, 52%) successfully identfied Wright's
and Meier's pictures as one style (putting the pictures into a single pile), but none
successfully identiffied all of Moore's pictures. Thus, a larger number of common
features iend to more cohesively define a style; or the bigger the number of
commion features 2 stylé has, the easier it will be for subjects to identify it.

Result C: pattern match
As shown in table 1, the features in each picture can be coded by numbers, and a
common set Is categorized and marked by 2z letter. For the vernacular style
represented by Moore and Venturi, there are five sets of features, which have thirty-
one possible ways of being sorted into one pile (ser combination). If the subjects
were sorting randomly, the thirty-one ways would be expected 1o appear with equal
frequency. But only twenty differently combined patterns appeared within the total
of ninety sorted piles (20 is 22% of 90). Thus, it is assumed that there are certain
Tules governing the subjects’ behavior.

For example, there are ten possible ways of combining two sets from A, B, C, D,
and E into one pile, (see table 3). But the resuits showed only six different combi-
nations in twenty-six piles. To compare the probability of occurrence, a computer
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simulation (a Paseal program with a random-number generator) was conducied 1o

. generate random pattern combinations 1000 tmes (piies). The resulis showed that
the probability range from 8.2% to 12.3% for each patiern combination and that the
pumber of piles ranged from eighty-two 1o 123. Apother sirnulation "generated
wenty-six piles, in which each combination appeared at jeast once, and the prob-
ability ranged from 3.8% to 19.2%, which differs from the experimental result (0 to
42.3%). These simulztions suggest the existence of rules governing the sorting
procedure.

Table 3. Results from siroulating a twe-set combination.

AB AC AD AE BC BD BE CD CE DE

Simulate 1000 piles 98 101 8% 123 87 103 101 118 88 82
Probability (%) 9.8 101 99 12.3 8.7 103 101 11.8 88 8.2
Simunlate 26 piles 3 1 2 S 5 4 1 1 3 1
Probability (%) 115 38 76 192 192 154 38 38 115 3.8
Experimental result :
{26 piles) 3 o 0 ¢ 1 1 0 2 4 3
Probability {%) 11.5 0 0 0 423 38 0 7.7 154 115

It was also found from the experiment that if the number of common features
petween two sets of pictures is less than two, thess two sets will not be merged into
one pile. Because this rule accounts for 93% of the date, it is inferred that the
interset of two seis must bave at least two common features. Furthermore, subjects
assemble cards by using certain pivotsl features which become index keys for
assembling cards. For example, if ome focuses on features {6, 7}, then all cards
having features {6, 7} will be put into the same pile and the rest will go 1o another
pile. Table 4 lists some of these inferred rules that explain £5% of the data.

Table 4. Rules for sorting pictures into piles.

Rule 1: If key fearure = {6, 7, 8}, then piles = {A} and {B, C, D, E}

Rule 2: If key features = {6, 7, 8} and {2, 3},  then piles = {A} and {B} 2nd {C, D. E}
Rule 3: If key feanires = {6, 7, 8} and {3, 4} then piles = [A] apd {C. B, D} and {E}
Rule 4 If key feamares = {2} and {5}, then piles = {A, B} and {C, E} and {D}
Rule 5: If key features = {2, 4} and {1, 4}, then piles = {A. B} and {C, D, E}

Rule 6: If key feature = {2, 4}, then piles = {A, B} 2nd {C, D, E}

Rule 7: If key features = {2, 4] and {4, 5}

and {1, 3h then piles = {A, B} and {C, E} and {C, D}

Discussion

The fearure-grouping analyses describe only 65% of the consistency in patern-
roatching behavior. It is assumed that the 35% inconsistency is caused by a2 switch
of attention 1o different pivot features, which causes confesion. Or it may be that
the limited span of short-term memory cannot hold the pivot features consistently
throughout the sorting process. As the -subjects had 10 work on three different
styles for ten 1o fiffeen minutes, each had 1o use at least three pivot features.

Summary

Style is identified by grouped features. Any set of fearures may represent a style
by itself, or it can combine with other sets to define other styles if, as inferred
from the data analysis, there are more than two common members in the interset.
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More features 1end 1o make the style coherent and strongly hold the style together.
Some features are more salient than others; hence, the salient features provide 2
good zpproximation for the recognition of the style. This expiains why some styles
(Meier’s) are easier to recognize than others (Moore’s).

The more features that make a style coberent, the greater the degree of style. In
other words, some styles are visually more recognizable than others. For exampie,
certain artists’ works have a stronger stylistic rendency, whereas others are weak in
expression. This leads to the next study of the degree of style, and it is assumed
that this relates 1o the number of common features present.

The degree of style: experiment 2

The stimuli used in experiment 1 consisted of different styles and different archi-
tests, thus the sets of feamres varied accordingly. It might be argued that certain
features have a stronger visual impact than others, with distinct results. In the
following experiment the stimuli are restricted to buildings designed by the same
architect, and fearores are selected from a cornmon set 10 balance out the differ-
ences between substantially different features from different architects.

Hypothesis The degree of a style is in proportion 1o the number of common Jearures
presented in products.

Method

Subjects

The subjects were the same group as in experiment 1.

Materials

The stimuli were thirty pictures of residential buildings (listed in table 5) designed by
Wright, collected from different publicatons. The pictures were selected 10 include
the eleven features identified in experiment 1. They werg divided into eleven groups
of different numbers of features, from none to ten. Each group bad three different

picrures that had the same rumber of, but different, features drawn from the common
feature set. The pictures were mounted on 4 inch by 6 inch white index cards.

Procedure

In the beginning, the subjects were shown three pictures {Fricke House, 1902;
Willitts House, 1902; Little House, 1903) that had ten features representing the
typical style of the architect. After they bad looked at these picrures as iong as they
wanted, they were asked 10 use these picrures as referents to sort the other thirry
pictures (with from none to nine features) into four different piles that stood for
four resemblance scales of strongly like, like, unlike, or strongly unlike the corre-
sponding typical style shown earlier.

Result Az distribution of resemblance

Table 5§ provides the names of the stimuli {buildings), the number of responses on
cach resembiance scale, and the mean scores for each feamre group—scores of 1
(strongly uniike), 2 (unlike), 3 (like), or 4 {strongly like) are assigned. The distribu-
Fon of the four resemblance scales obtained from 2 plot of the number of features
versus the total number of response is shown in figure 3. The ranges of the scales
in figure 3 were 0~4 features for strongly valike, 6-8 for uniike, 1-9 for like, and
3-9 for strongly like. With a 95% interval of the distributions, the four scales were
ranged as 0-3 features (strongly unlike), 1 -5 featurss {unlike), 29 featres {like),
and 5~-9 features (strongly like). This indicates that the spreads of the scales fall
into clusters that move upward along the scale as the number of features increases.
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‘Table 5. Data obtained from experiment 2.

To 1est whether the selected fearures are a significant infivence on the resaling

Card Namse and date Swoogly Unike Like Swongly Mean score resemblance sCOTes, a general linear model was developed as:
index  of building unlike like T = By+ B, Fy+ BoFy+ ot By Frot+ 5,
Nuwmber of features = 0 where T is the score, F represents fcat‘ure:s, and ¢ represents random ¢rrors. The
1 Madisoz, 1923 51 o 0 ¢ 1 7 results show that the features scored in the model were significant [R? = (0.693,
2 Encis, 1924 30 1 0 0 1.03 F(10,918) = 207.55, p < 0.00001), and each individual feature contributed 2-signi-
3 Jones, 1929 31 0 0 0 1 fican: influence on the resulimg score (the p values of the fearures ranged from
Group mean score = 1.01 . p < 0.0185 to p < 0.0001). This proves that the features significantly correlate to
MNugnber of features = % the scores.
4 Jacobs, 1937 10 20 1 0 1.71
5 Willey, 1954 11 18 2 0 1.71
& Winkier, 1939 19 11 1 0 1.42 100
Group mean score = 1.61 904 Swongly
Number of features = 2 50 uniike
7 Winkler, 1939 11 18 2 0 171 2
g Hickox, 1900 2 24 4 ¢ 2.03 & = .
9 Coonley, 1912 7 .18 6 0 1.97 £ od Unlike Strangly fike
Group mean score = 1.90 © so- Like
Number of feanures = 3 e
10 Bach, 1915 5 17 9 ¢ 213 g 407
11 Gale, 1909 4 21 6 0 2.06 g 34
12 Winsiow, 1893 8 10 12 1 2.19 z
Group mean score = 2.13 204 .
Number of feanures = 4 10 4
13 Hoyt, 1907 3 11 15 2 2.52 8 : . -
14 Martin, 1962 2 12 18 1 2.52 e 1 2 3 & 5 6 1 8§ 9
15 Husser, 1899 5 6 16 4 261 Mumber of featsres
Group mean score = 2.53 Fiure 3. Distribution of the & cal

¥ .

Number of feasires = 5 Ul istribution of the four scales of resemblance.
16 Allen, 1917 2 & 16 9 3.10
17 Hunt, 1907 0 11 14 6 2.84 4
18 Dana, 1903 4 7 17 7 3.0
Group mean scors = 2.98 C ‘
Number of features = § . ‘ v 34
19 Evans, 1908 -0 5 16 10 3.16 2
20 Adams, 1913 o 7 16 8 © 303 =
21 Thomas, 1901 0 0 158 13 542 g »
Group mean score = 3.20 § 24 ¥ = 1.236+0.309x
Number of feanwes = 7 C
22 Gridley, 1906 ¢ 1 16 14 342 =
23 May, 1909 h) 1 12 15 3.55 & &
24 Boyntog, 1908 Q 0 11 20 3.65
Group mean store = 3.46 -
Number of features = §
25 Tomek, 1907 0 1 10 20 3.61 0 T T T
26 Martin, 1902 0 0 7 24 3.7 CRE A o 6 1 8 9
27 Bartos, 1903 0 0 14 17 3.55 Nuzber of features
Group mean score = 3.64 Figure 4. The degree of style versus the number of features.
Number of features = 9

. 28 - Robie, 1909 0 0 5 26 3.84 Figure 4 is a plot of the average score per feature. When the number of features
29 Lirde, 1903 D 0 10 21 3.58 {x) and the resemblance scores (y) were fitted by a simple linear-regression mod
30 Martin, 1902 0 0 6 25 351 ) v) Y 3 Sap & ,

2 190 ‘ the result of the equation was y = 1.246+0.309x. The slope was significantly
p mean 5COT -78 different from zero [with f(928) = 44.87, and p < 0.00001), and the model
explained 68.5% of the variance in y.
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Discussion

The positive sign in the linear equation indicates the positve relationship berween
the number of features {x) and the scale of resemblance (y). Because the scale of
resemblance denotes the degree of similarity berween the subject buildings and the
referent buildings that stand for the prototypical style, and 2 bigher score of
resemblance represents a stronger similarity to the referent style, the degree of style
is in proporiion to the pumber of common features present. Another observaton
made from figure 3 is that the four scales are all greater than zero at four features,
and pictures with fewer thap four features tend 10 be unlike. Hence, four is
proposed as the pumber of common features needed to represent a style.

Result B: subject effect and feature effect

In teble 5, the mean score of resemblance varies from picture to picture, regardless
of the number of featares. It is suspected that this conld be caused by rwo factors:
the subjects and the features, In other words, different responses from the individ-
uval subjects and different features could cause the variations in the score. A general
linear model was designed 1o test the significance of these twe factors. In this

model, the resemblance score was modeled as the sum of the student effect and ten
feature effects.

T e Bot B E+ Byt B ot ot BrFrot s,

where E denotes the student effect, F are the different fearures, and ¢ is the
rendom error. Statistical results show that this model explains 73% of the toral
variability [F(40, 889) = 60.33, p < 4.00001, R? = 0.731). To determine whether
the features or the number of features determined the resemblance score, a reduced
model was developed. This mode] fits only the sdent effect and the total number
of features, and had the following equation:

T = ot BE+BNet sy,

where E denotes the student effect, Ny is the number of features, and ¢ is the
random error. This model had a slightly reduced R? value [F(31, 898) = 75.30,
p < 0.00001, R* = 0.722])

Discussion

A comparison of these two models shows only a 0.86% increase in the explanation
of the total veriability, which is not justified by nine degrees of freedom. Thus, the
second mode! js more suitable for explaining the data. Statistically, this model
suggests that the differences between fearures (as in the full model) do not contrib-
ute 1o the resemblance scores as much as do the mumber of features {as in the
reduced model). Therefore 2 style is determined by ihe number of features more
than by any particular feature. This result implies that 10 identify a style, the Jow
hip roof is no more important than the casement windows. It is possible, however,
that the fearure effect is balanced out by the individual student effect.

Some students may detect more similarites than others and give more Tesponses
towards the ‘like’ or ‘strongly like scale. Thus, different students give differeat
scales of responses for the same pictures. This inference is supported by statistical
results in both models. Both are significant at the 0.0001 level [F(30, 889} = 4.15,
p < 0.0001; and F(30,898) = 406, p < 0.0001], but the pumber of feawres is
more significant than the student effect in the reduced model [F(L,898) = 2212.60,
P < 0.00001]}.
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Summary

It can be concluded from the datz amalysis that the degree of z style is related
proporiionally to the number of common fearures that appear in the artfacts. More
fearures in an artifact make a style more expressive. The metaphor is that the
number of common features represents the strength of a glue—a larger number of
common features will inerease the strength of the ghue to bold picrures together in a
pile. The results do not support the notion that certain features have a stronger
impact than others. Rather, the number of features is more significant in identifying

a style. Thus, the degree of style is closely related to the pumber of features and
this varies among beholders.

Measurement of style

Experiment 2 was concentrated ot the products of an architect through a study of
the similerides in style berween the products. The mext two studies are focused
on the style in one product to explore how a style can be measured. Measurement
is defined as the use of numbers to describe the auributes of objects or events. The
measurement of a style is the threshold for Tecognizing a style. Two concepts—fea-
wre frequency and recognizability—are developed.

Experiment 3: feature frequency
In this experiment style in a product is addressed 1o discover whether the number of

jeatures would determine the recogmition of a style. Feature frequency is wsed 1o
measure an individual style.

Hypothesic Style is measured by the occurrence of fearures in a product; some feonures are
more effective than others.

Method

Subject

The subject is a faculty member who was teaching architectural history in the
Department of Architecture at Carnegie Mellon University when this experiment
was conducted. He has a PhD in architecteral history and is an expert on Wright's
style.

Marerials -

Wright's side elevaton of Linle House, designed in 1903, with six recognizable
featerss, was used for the stimull. These six features in the original elevation wers
taken away one at 2 Hme, Two at a time, and so on uniil all were gone. There were
sixty-four permutations by which features could be taken away, such as taking one
to three features away 2s in figure 5 and taking four to six features away as in
figure 6. These figures served as the sources for the sixty-four pictures. Each
picture was mounted on 2 4 inch by 6 inch white index card.

Procedure :

The sixty-four pictures from figures 5 and 6 were shown one at 2 tme to the
subject, who was asked o make 2 judgement by answering yes or no about whether
the picture could be considered as Frank Lloyd Wright's style. The whole set of
stimuli were repeated six times, and each time the cards wers shuffled to avoid
random error. In the imtervals berween the sessions, the subject would take a five~
minute break to release his visual focus.

Result A: measurement of srylé
There are seven categories of the number of features, ranging from zero to six. The
pumber of sdmuli per category is determined by the permutation drawn from the set
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Figure 5. The changes of Wright's elevation in the Little House design used as the stimuli {the
number represents the number of features being 1aken away from the elevaton).

of six features. Each category comsists of pictures with the same number of, but
various, features. Because each stimulus repezts six times, the number of responses
per category ranged from six (zero and six feawures) to 120 (three features). The
results of the positive responses per category show that the presence of all six
features had a full score. When the number of features is three, the probability of a
positive response is orly 5%, which stands for six positive responses out of 120
responses and is considered. extremely poor. The probability remains constant at
two features and drops to 0% with one feature present.

r
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Figure 6. The changes of Wright's elevation in the Litle House design used as the stimuli {the
pumber represents lhe number of features being tzken away from the elevation in the
preceding pictures).

Discussion

Figure 7 shows that the number of positive responses decreases as the number of
features drops. This suggests that the number of positive responses (representing
the recognizability of a style} is in proportion to the number of features present in a
product. More features will make 2 style more visible. From the nawre of the curve
and the value of the probability, it is inferred that three features could be the lower
bound for style recognition. This suggests that a style is no longer recognizable
when, the number of features is three or fewer, despite the contents of the feamres,
and is measurable when thers are more than three features.
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Figure 7. Probability plot of the responses per number-of-features category.

Result B: effectiveness of features

The features in this experiment can be treated as variables with the value of
‘absence’ or ‘presence’. For example, 2 Jow hip roof is a variable present or absent
in sixty-four stimuli. Table 6 arranges the features in a factorial design where 2 two-
letter code stands for the feature (a megative sign in front indicates absence).
Calculated from the table, the grand means of each feature’s absence and presence,
cotresponding to positive responses, are shown on the side of the table. The prob-
ability of a positive response is greatest for the presence of a casement window
(about 22%, and 2% when it is absent). The weight of six variables is, therefore,

“Table 6. Number of responses per case and the grand mean of each feature.

Feature CB -CB
Cc -C C -C
R {=R R |-R || R =R R |-R
w 6 1 2 1 4 2 1 1
wWT
s —-W 0 0 0 0 0 0 0 0
w 5 1 3 0 2 -1 2 1
-WT
~W 0 0 0 0 0 0 0 0 -
w 2 2 ¢ 0 2 0 0 0
wT
s -~ 0 0 1 1 0 0 0 0
A 2 1 0 0 0 ¢ 0 0
-WT
-W 0 2 0 0 0 0 c 0

1. Mean, W = 21.87%; mean —W = 2.08% (casement window).
2. Mean § = 17.18%; mean —$ = §.77% (symmeiry)

3. Mean C = 17.18%; mean ~C = 6.77% (Coping).

4. Mean R = 16.66%; mean ~R = 7.29% (low hip roof).

5. Mean CB = 15.63%; mean ~CB = 8.33% (corner blocks).
6. Mean WT = 13.54%; mean ~WT = 10.42% (watertable).
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ranked by the value of the probability of the responses for feature when present and
absent. The order implies that some feamres are more attractive to the subject than
others are.

The grand mean of the absence and presence of each variable in table 6 does
not exciude the possibility of interactions among variables. To eliminate the effect
of interaction, the responses were studied while a particular feature is missing. For
example, when tbe watertable is absent from the picture, the positive responses are
five out of six trials, whereas when the casement window is absent, there is no
posidve response at all. A reesonable explanation is that the watertable is not an
important feature 10 the subject for judging the style, but the casement window is.
Thus, if the responses are sorted by one absent feature and the variables are
arranged by the pumber of responses, the degree of significance of the feature
emerges as shown in table 7. This result is very close 10 the last one in 1a3ble &; thus
some features are more effective than others.®

Table 7. The number of responses per absent feature.

Absent feature Present feareres Number of pesitve responses

W (Casement window) S, WI,R,C.CB 0
R {Low hip roof) S.WT, W, C, CB 1
C (Coping) S, WI, W, R, CB 2
S (Symmeiry) WT, W, R, C, CB 2
CB (Corner blocks) S, WIL,W,.R, C 4
WT {Watertable} S, W, R, C CB 3

To verify further the significances of the features 1o the subject, the analysis is
focussd on 2 partcular present feature and its relationship with other present
features. Thus, when a particular feamre appeared, the probabilities of the
responses when any mumber of other features were presemt was recorded, as in
table 8 and figure §. In the figure, each curve represents the correlation between the
responses and the feature-numbers condition for a particular present feature. The
shape of the curves suggests a scale of W> R> C =35> CB > W, which is
similar to the result in table 7, but interaction occurs when the number of features is

. %e;s than two.

Tzbie 8. The probability of responses for a particular present feature.

Number Window Low hip Coping Symmetry Corner ‘Watertable

of features roof blocks

¢ 0 0 0 [ 0 )

1 0.033 0 {.667 0.033 0.100 0.033
2 0.083 0.050 0.033 0.067 0.033 0.033
3 0.267 0.167 0.183 0.167 0.150 0.133
4 0.467 0.433 0.400 0.400 0.333 0.300
§ 1.000 1.000 1.000 1.000 1.000 1.000

) The contradiction between this result and the resulis from experiment2 (that a style is
determined by the nwmber more than the identity of characteristic features present} may be
explained by the fact that the feature effect is balanced by the varable of the individual
student effect which is not present in this experiment
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Figure 8. Probability of the subject’s responses 10 a paricular feature being present.

Result C: interaction among festures

Figure § suggests that corner blocks and coping are two fratures generating the
interactions. This result explains why, when the number of present features
decreases to three or fewer, the perception of a style is less feasible in figure 7.
Explaired from another perspective, the feature interactions occur when the total
number of features in an artifact is less than three. Because the recognizability of a

style is based upon the perception of the style, it is inferred that three is the lower
bound for the measurement of a style.

Summary

The data analyses suggest that there is a scale of importance among features in an
artifact for 2 beholder to identify a style. This style judgement does not relate to
the sizes or dimensions of the features, but is determined by the number of features
present® For example, roofs have the largest volume among the features, and they
should be the most noticeable features, but they rank third and second in tables’§
and 7, respectively. When the number of features in an artifact is reduced 1o three
or fewer, interaction occurs and a style is no Jonger perceptible.

Experiment 4: recognizability of stylistic features

Another measurement of style is the extent to which 2 borrowed “and modified
feature remains recognizable as an element of a style. It is argued that whatever
changes occur 10 a fearure, as long as its shape is maintained within certain ranges
of -proportion, it will retain its identity with 2 perceived style. Thus, topological
characteristics of an artifact provide a measurement for an individual style.

Hypothesis Style can be identified within a certain range of geomerical distorrion.
Topological distortions disable the style identificarion.

# 1a this experiment, the size is not an issue as Jong as it is within the normal and expected
range for that kind of feature; an unusually massive roof or 2 set of tiny windows will
certainly be doticeable.
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Method

Subject

The subject was the same one who participated in experiment 3.

Marerials .

Wright's stylistic elements appareat in the Linle House were used for stimuli {the
original picture is shown in the uppermost left of figure 5). The dimension of each
feature was eitber longated or reduced by 10% at 2 tme along either the x or y axis.
Thus, y+2a meant thar the vertrical dimnension of an object was increaszd by 20%,
.and x—2a meant that its horizontal length was decreased by 20%. The distoried
features include horizontality, verticality, roof, coping, corner block, and watertable.
Fhe geometrical distortions, ranging from 10% to 50%, are shown in fgure 9.

Figure 9. The changed forms of Wright's corner block and watertable.



242 C~§ Chan

There were also three pictures having 2 topological change, as shown in figure 10.
These thirty-three figures were the stmuli, and each picture was mounted on &
white 4 inch by & inch index card.

Figure 10. Topologically distoried forms of Wright's elevaton.

Procedure ]

Thirty-three cards were shown 1© the subject, one card at a time, and the subject
was asked 10 make a judgement about whether the picture could be regarded as
Wright's style. This experiment was repeated six times, and the cards were shuffled
each Hme to avoid random sources of error. Between sessions, the subject ook a
three~minute break to release his visual focus.

Result A: degree of distortion

Plots of the percentage of positive Tesponses versus the degree of distorton are
displayed in figure 11. Distortions of the massing, coping, and watertable shared a
negative relationship. The curves in the plots of the distortions of the roof and
comner blocks were not regular. For example, when the roof increased by 40% of its
original height, the response increased. This phenomenon also occurred in the plot
for the corner blocks. To verify these results, the same set of these two stimuli was
tested again on the same subject a month later. The results of the second experi-
ment zre displayed in the last two plots in figure 11. The curve for the corner
blocks exhibited a regular negative relationship. But the result for the roof
remained the same. An interview with the subject afterward indicated that the
picture with the 40% increase in roof height resembles Wright's two early houses—
the Heler House (1897) znd the Husser House (1899)—tbus the subject gave
positive Tesponses.

In response to the three topologically distorted pictures (total of eighxeeh'

observations), ‘the subject did not attribute any of these forms to Wright's style.
Hence it is reasonable to conclude that topological reiationships are crucial in
rmaintaining an individual style.

Result B: threshold of recognizability i

The stmulus threshold is commonly tzken to be the stimulus intensity for which
there is 2 50:50 chance of detecdon, or for which the probability of detection is
0.5, as suggested by Kurtz {1964). When this is taken as a criterion, the thresholds
for recognizability range from 20% to 60%,,and they vary from feature 10 feature.
This range of recognizability is attributable 1o the fact that certain features stand
out and thus are more immediately identifed by the beholder.

Discussion '

The proportional distortion of a fzature can be tolerated to 2 certain extent. Bui
topological distortions change the relationships among features, which changes the
characreristics of the object and, consequently, alters the style. This suggests that
there exists 2 topological struciure (characteristic context) defined by the topological
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relationships among stylistic fearures. After any topoiogical change, a feamre will
o longer serve the representative role of a style, whereas the geometric distortion

of a‘fcamre has a more tolerable range of recognizability. Therefore, topological
relationships among objects are a crucial factor for sustaining a style.

. Thc fiucruasgon of the responses to the different objects implies that the recog-
nizability of features used for identifying a style does not correlate to their
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dimensions but relates to the beholder’s pereeption. Some objects are more notice-
able to the beholder than others. For example, a coping is 2 small clement assumed
to be least conspicuous among feamres, bur it had a constant slope of response in
figure 11. In this experiment, the subject is more acutely aware of the changing
properties of coping and corner blocks than of other features.

The result, that the recognizability of style is a function of the geometric
distortion of features, can be explained by the prototype model derived from
theories of categorizaton. In this experiment, the subject had mentally formed a
concept (prototype) of the original picture presented in the beginning and used it o
categorize distorted pictures. The level of distortion is analogous 1o the Jevel of
generality suggested by Rosch etal (1976) in the comparison of categories. .The
resuits obtained here were similar to their Gnding that it was the most general leve]
at which a prototype could be formed to represent the category as a whole. Thus, 2
less geperal (more distorted) level will be less representative of 2 category (style).

Conclusion
The series of experiments conducted in this research provide some understanding of
style, but the conclusions drawn are not intended 1o represent 2 formal theory
of style. Instead, the stwdy is a start in the research of style. Similar analyses of
architectural styie as determined by sets of features have been done by Addn (1974
1975) using (-apalysis 10 sort out the clusters of features that characterize Tudor-
style architecture in Lavenham (England). One of the cridcisms of that work
(Couclelis, 1983; Pinkava, 1981) is that mere sets of features do not make a style,
because features must zlso exist within a charactersdc context (topological struc-
ture). This is shown by experiment 4 such that any topological change will distort a
style, and the style will not be recognizable anymore. Therefore, the characteristic
context also plays zn important role for the identification of a style. This is
especially important for the smdy of historical, regional, and group style because
quite often features from mapy different styles and periods may coexist in an
untypical spatial relationship 10 each other as in these days of eclectic and post-
modern architecure.

In summary, experiments 1 and 2 show that a style is represented by a common
set of feamures that appear in objects. This set of common features defines 2 style.
Following the concept developed by Schapiro (1961), the current research suggests

that style is the constant form in works of art. It also indicates that the more -

features used by an artist, the more coherent the style, creating 2 higher degree of
similarity among artifacts. Different individuals perceive features differently, and
different features also vield different impacts on the same beholder. ~ )

Experiment 3 shows that style is measured by the number of features present in

a given set of artifacts. If the number of features drawn from a common set s fewer:

than three, then a bebolder will not be able 10 recognize the style of the artifact, or
the recognizability of style is not measurable. Another inference made here is that
if there is a set of features that attributes a style, and a designer picks up at least
three elements from this set to form a product, then the final form composed of
these elements contains at least one style.

Experiment 4 shows that if a. fearere drawn from a common set bas been
geometrically distorted up o approximately 40%, it is still recognizable as the
representative stylistic feature. Distorted beyond this level, & featre should not
be considered as representative of a style. The value of the degree of distortion
varies among features, but basically it is determined by beholders’ perceptioas.
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The experiment also shows that the wopological structure among stylistic features is
the most important factor for sustaining a style.

Finally, conclusions can be condensed into Two sentences 10 suggest the opere~
tionzl comcepts of styler (i)if an artifact consists of at Jeast three recogmizable
features (result from experiment 3) within a topological structure (result from
experiment 4), then a style exists in this artifact; (2) if there are four fearures (result
from experiment 2) with the same topological structure replicated in at least three
different artifacts (results from experiments 1 and 4}, then these four features and
the structare represent an individual style.
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