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PROFESSOR EooN BRmJSWIK died unexpectedly a 
short time after fullshlng the manuscript of this 
book. It is fortunate indeed for psychology that 
this work was completed before the author's death. 
With the addition of Part Two, the book repre
sents a comprehensive and integrated exposition 
of Brunswik's theoretical approach. He was a 
true pioneer who was constantly striving to break 
out of the confines of orthodoxy and to develop 
a new methodology which would increase the 
scope and validity of psychological research. This 
book is an impressive demonstration of the suc
cess of his creative efforts. 

The friends and colleagues of Professor Bruns
wik at Berkeley were anxious for the publication 
of this book to go forward without delay. They 
undertook the task of seeing the book through the 
final stages of publication. As the book goes to 
press, they are more convinced than ever that 
Brunswik's creative genius will have an ever in
creasing impact on the development of psychology. 
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PREFACE 

Tars BOOK has been v.7itten with two major purposes in mind. One is the 
exposition of the more complex attainments of perception, thQse attainments 
that help stabilize our grasp of the relevant features of the physical and social 
environment. The other purpose is the development of the only methodology 
by which the desired content can be reached, that is, representative design. 
Together they lay the foundation for a functional approach to perception 
that stresses biological adjustiveness; this approach supersedes both tradi
tional psychophysics with its oversimplified peripheralism and Gestalt 
psychology with its undue encapsulation into the internal dynamisms of the 
cognitive process . 

In our presentation the sequence of content and method is reversed. Part 
One develops the argument for a shift from systematic to representative 
design as the necessary methodological adjunct to the functional approach 
with the use of no more than a linear string of examples; these examples run 
from classical psychophysics through Gestalt illusions to the perceptual con
stancies and their counterpart in the perception of social objects and also 
include some applications in the field of learning. This first part has appeared 
previously, under its present title, both as a contribution to the Berkeley 
Symposium on Mathematical Statistics and Probability (ed. by Jerzy Neyman, 
1949) and, with different paginations, as a preprint (1947; reissued, with 
minor corrections, 1949); it still must be considered the core of the presenta
tion. We have therefore considered it appropriate to call this book a second 
edition. The only change in Part One is in the year of a reference t.o one of the 
writer's publications (1952) which had been repeatedly postponed (and also 
appeared under a different title from the one listed in the earlier edition). 

Part Two branches out from those two of the four model experiments in 
Part One in which the level of complexity has reached the criterion of func
tionality, expanding their basic principles over other areas of perception. The 
writer has attempted to develop the functional study of perception from the 
beginnings of his academic career, first at Vienna and later at California, and 
there is strong but by no means exclusive emphasis on his work and that of 
his collaborators. A good proportion of the forty added illustrations has 
previously appeared in German or American periodicals or in the writer's 
W ahrnehmung und GegenstandsweU (1934); some of the others are new or 
are based on unpublished di.."Bertations. All but a few of the materials are for 
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Preface 

the first time made conveniently accessible t-o the American and English 
reader. 

The first three of the eight new chapters (§§XI to XIII) expand on the 
central topic of the perceptual constancies while the fourth (§XIV) investi
gates their relation to thinking. Social perception is again taken up in the 
fifth (§XV). In selecting the materials for these five chapters advantage has 
been taken of what had become increasingly clear to this writer within the 
last several years, that is, that hybrid designs combining features of both 
systematic and representative design are likely to continue and even to in
crease in frequency within the near future. The first five chapters of Part 
Two all move in such an intermediate area, either by the use of an informal 
type of situational sampling which we have called "canvassing," or by super
imposing representative features upon systematic factorial design. At the 
same time essential limitations in the mathematical tool geared to factorial 
design- analysis of variance-will be pointed up. 

Representative design, being a more radical departure from traditional 
practices of experimentation than is factorial design, makes for difficulties in 
execution. Representative design in its full scope requires not only a basic 
theoretical and methodological restructuring but is a formidable task in 
practice as well. Ideally, it would take concerted research projects of a magni
tude hlthert-o unheard of in experimental psychology. These would tackle a 
host of problems simultaneously and require the development of new mathe
matical methods for evaluation. The few iru-oads reported in the first edition 
are essentially in the character of methodological demonstrations and barely 
scratch the surface of the problem. An example of a fully representative de
sign, and one which lies exclusively within textural ecology, will be presented 
in the sixth of the new chapters (§XVI). This design expands the fully repre
sentative designs of Part One {social perception, §VI; and size-constancy, 
§VII/3) in the direction of psychological research without a subject, a case 
which is as important theoretically as it is didactically. 

Probabilistic cue learning, which is the mediational corollary of distal at
tainment as dependent on changing ecologies, is taken up next (§XVII). The 
subsequent chapter (§XVIII) is an excursion into clinical applications; it was 
prompted by the unexpectedly lively response to the first edition that has 
come from these quart-ers. The book concludes with some theoretical con
siderations. 

Help in statistical matters has been generously given by Drs. Rheem F. 
Jarrett and Robert Rollin. Dr. Leo Postman has been ready with advice on 
matters too varied and occasions too numerous to count. Mr. Stanford E. 
Seidner has kindly consented t-o the use of some of the results of his doctoral 
dissertation which is stiJJ in progress. 

Berkeley, California 
February, 1955 
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INTRoDUCTION. DIFFERE.t.vriAL AND FuNCTIONAL PROBLEMS 

rn PsYcHoLOGY 

ScrENcE has a way of growing in spearheads. Ever since Galton and Pearson 
established correlation statistics at the end of the last century, in close con
nection with problems of heredity and "individual differences" of anthropo
metric and psychological traits, the special field of differential psychology has 
supplied the content in terms of which psychologists could develop, or absorb, 
a general methodology of statistical evaluation. 

Meanwhile, experimental psychology, "';th freedom of design added to free
dom of evaluation, complacently took for granted what will be characterized, 
later in the present discussion, as "classical" design. Nineteenth-century 
experimental "methods," concentrating on psychophysics (Fechner, 1860), 
memory (Ebbinghaus, 1885), and related functional or "stimulus-response" 
problems, did not challenge the principles underlying this approach; they are 
but specific elaborations of procedure and evaluation within an accepted 
framework. General experimental methodology in psychology thus remained, 
at least as far as explicitly verbalized, programmatic statements a.re concerned, 
virgin territory up to the time of the first impact of Fisher's factorial design 
upon psychology less than a decade ago. 

But whereas factorial design departs from classical notions by becoming 
multivariate, it does not in itself guarantee a second important feature, to be 
called "representativeness" of design. The main purpose of this paper is to 
demonstrate the feasibility-and in fact the informal existence in a limited way 
for some time-as well as the requiredness of this second change of policy in 
addition to mere multidimensionality, at least if the further development of 
experimental psychology is to be toward a more truly "functional," "molar" 
rather than "molecular," dynamic rather than static science.1 

Although it is claimed that the arguments involved are valid for the entire 
domain of experimental psychology, the special field of perception is singled 

1 For a surver. or psychological "systems'' see Heidbreder (1933). More recent summaries 
and selected bibliographies are to be found in Brunswik (19460, 1952). For the sake of 
brevity, all stimuiU&-response problems will here be designated as functional problems-in 
contradistinction to the differential problems mentioned above-regardless of whether or 
not their treatment is on the adequate level of complexity characterizing the "functional 
approach" as at least vaguely anticipated by what is known as the school of Functionalism 
(see also fig. 7, including the legend). 
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out for purposes of illustration. Not only is the psychology of perception older 
than that of such other fields as learning or motivation, but it also has served 
as a pacemaker in the way of decisive changes in basic outlook. Perception 
thus may be best suited as a paradigm not only for the past but also for things 
likely to come. Some of them are already discernible in other fields possibly 
more crucial with respect to content but less advanced methodologically. 

Within the field of perception, the special topic of the perception of linear 
magnitude seemed to provide the best available series of examples to the point. 
A model-sequence of four experiments (see also Brunswik, 1946a) has been 
chosen to represent four distinct stages of development. Experiments A to 
C involve the perception of physical magnitude under conditions of increasing 
comple:dty, whereas experiment D further includes personality variables in a 
study of social perception. 

This discussion will be followed by a more generalized survey of the possible 
uses of basic measures of concomitant variation such as the correlation coeffi
cient. Special emphasis will thereby be given to the concepts of reliability and 
validity as they may refer, over and above their more customary differential 
psychological application, to functional stimulus-response patterns, the tradi
tional domain of the systematic experiment. It seems that, in the present 
spadework stage at least, one may in this process get by with no more than 
the most elementary statistical concepts, which is all the present writer is 
familiar with. The analysis of the chosen historical sequence of experiments 
with increasing representativeness of design will be preceded by a brief listing, 
pointed for use with our examples, of the types of variables within the scope 
of the psychologist and of some fundamental alternatives in the designing of 
psychological research. 

I. THE VARIABLES .&iTERING OBJECTIVE PsYCHOLOGICAL REsEARCH 

In any kind of research endeavoring to find general regularities, if not 
"laws," discussion is adequate only if carried out in terms of well-defined 
broader categories defining "variables" or "dimensions" rather than in terms 
of individual occurrences. Examples of such variables are "length," "area," 
"intelligence quotient (IQ)," etc. While the basic character of variables must 
be considered the same in all objective sciences, including modern psychology, 
in that they are defined, directly or indirectly, by "operations" of the "physi
calistic" type such as, primarily, measurement/ specifications are nonetheless 
in order within the framework of the various disciplines. The subsequently 
listed classifications of variables seem those most urgent from the standpoint of 
the perception psychologist. A survey of some of them is given below in the 
comprehensive scheme presented in figure 7. 

1. CLASSIFICATION WITH RESPECT TO REGIOXS RELATIVE TO AN ORGANISM 

Depending on whether a series of events is studied with reference to the 
time before, while, or after it plays upon an organism, one may distinguish 

• For a discussion of the objective vs. the subjective approach in psychology, .of "behav· 
iorism" vs. "introspectionism"-perhaps the one issue of general methodology m psycho!· 
ogy tha.t supersedes that of research design-see the sources mentioned in the footnote to 
the Introduction, especially Bru!lllwik (1952). See also below,§ VI/B. 
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ex~rnal stimulus variab~es (in a relatively broad use of the word), S, organisrm'c 
~anables, 0, and behavwral response variables, R. Depending on the inclina
tiOns of the researcher, overt motor responses as well as their further "results" 
or "effects," including written protocol marks and similar indications of per
ceptual judgments or "estimates," may or may not be taken to reflect sub
jective, "conscious" impressions. 

Many of the environmental stimulus variables mentioned by psychologists 
such as "physical size" or "physical color," seem at first glance simply to b~ 
taken o;,er fr.oi"? physics or"c~em~~try. Others, such as "food," "sit-upon
a~leness. (Wtlham James), !~ability of a person," etc., are obviously con
ceived WJth an eye to potenttal effects upon organisms. In both cases the 
"d~positional" character of the definition (Carnap) is maintained, the psycho
~og:Ical .slant of the latter type of variables notwithstanding. Upon closer 
mspect1on, howeve~, even the former often reveal psychological entanglement 
whe~ ~he~, appear ~ the ~on text of a psy?hological experiment. For example, 
the sizes of pb~stcal ?bJects (m~re pre:J.Sely, of physicist's objects) figuring 
as one of the maJor stunulus variables 10 the statistical survey of size con
stancy (see § VII/3) are in fact to be specified as "sizes of objects of attention 
i.e., of ~ote~tial manip~lati.on or l~comotion, of a certain human being." ' 

Cons1denng the arb1trarmess WJth which objects, spaces between objects 
or parts thereof may be subjected to physical measurement, sizes per se c~ 
hardly be thought of as possessing a finite range or distribution. Sizes attended 
to in perception or behavior, however, although likewise strictly determined 
by extern~! I"?easurement (and not to be confused with perceptual size esti
mates) deliiDlt a much more closely circumscribed reference class or "universe" 
of sizes; we must therefore not be surprised if they show a definite central 
tendency. Actually, their logarithms even seem to tend toward a normal distri
?ution (see Brunswik, 1?4"4, ?g. 1). This feature is of the utmost importance 
m the.pr~ent context, smc~ It allows, and in fact demands, an application of 
the pnnCiples of representative sampling to variables which at face value may 
not .ap?ear capa?l? of be~g sampled. It is the type of organism-centered 
specifj'l~g redefim~1on ment10ned above which may be summarized by saying 
that st1.mulus vanables are "ecological"3 rather than purely "physical" or 
"geographic" in character. 
. ~he terms employed in delimiting ecological universes are sometimes quite 

similar to those well known from the sampling theory of individual differences. 
An example is David Katz's (1911/1935) introduction of the concept of 
"n?rmal" ~onditions of illumination, defining a considerable range within 
which certam statements about the perception of object colors are to be under
stood to hold. 
. Stimulus variables m~y be subdivided "regionally''-as likewise may behav
Ioral responses and theu effects in contexts other than the present-into 

' Concemin¥ the use of the term "ecological" ~ psychology, borrowed from botany and 
zoology to ~es•.~te the ,natura,! o~ customary ~b1tat, or surrounding universe, of as cies, 
c~ture, or md1V1dual1 wtth ap 1ts inherent vanation and co-variation of factors, see 'rruns
wik (1~3) . Use of this.term m psychology was first suggested by Lewin (1943), although in 
a technicallf less specified, broader se':'5e rough!r '!nco.mpass!ng what is more commonly 
known as stlm.ulus-response problems (m contradistmctlon to mtra-organismic problems of 
"field" dynamJcs). See also§ VI. 
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distal, SD, and proximal, sp (see Heider, 1939; BrunS'\\~, 1939a) . Distal 
variables are defined independently of effects or representatwn on the sensory 
surface of an organism in a certain situation; proximal variables-in the 
present paper treated as if they wo~ld vary in unison .wit? t~~ primary re
sponses within the organism, the "penpheral senso~ exc.Jtatwns -are defined 
as effects (originating in dist-al conditions) .as the~ Jmpmge ~pon ~he ~ensory 
surface of a subject. An example of a proXImal stJmulus variable ~~ g1ven by 
the (absolute or relative) sizes of retinal projection~, whereas the.sJzes. of the 
manipulable physical bodie-S in the environment whiCh toge~her w1th d1st.ance 
determine these projections exemplify a distal stimulus var1able. . 

Environmental conditions even more remote may be called covert dtstal or 
second-order distal variables, Sc; they are exemplified by the IQ's, "objective" 
likabilities etc. of "social objects" viewed by an organism, whereas such 
physiogno~ic f~atures as the heights of the foreheads of these social objects 
may be taken as an ecologically further specified subclass of the above
mentioned overt distal variable, bodily size. 

Of the organismic variables, we will single out the c~ntral (~ con~rasted to 
the [sensory and motor] peripheral) variables fo.r speCJ~l cons1de~at~o~. They 
may be subdivided into relatively permanent tr~1ts varymg ~rom mdlV!du~l to 
individual in a population, and relatively transient sets, att1tudes, or motiva
tional states and other dispositions varying within the individual from one 
time to another. They shall be designated by lower-case vowels, the f?~er 
by u (for the middle vowel in "population"), the latter by a (for the Jmttal 
vowel in "attitude") . 

2 . CLASSIFICATION WITH RESPECT TO ROLE WITHIN A 

PA'I'TERN OF VARIABLES 

Experimental variables constituting the initial conditions of research are 
customarily called independent variable(s), x. Final observed effects are the 
dependent variable(s), y . . . 

Links of the causa-l chains connecting x and y w!ll be satd to define the 
mediating variables, M . An example is retinal size as an i~termediary between 
physical object size, on the one hand, and perceptual est~ates, ~n the other. 
The accessories to x in a field, e.g., the area adjacent to lines wh1ch are to be 
compared with respect to length (see fig. 2) shall, for want of a better term, be 
called neighboring variables, N. 

The distinction between M and N is not easy and in the end hinges upon a clarification 
of the relationship of correlation to causation; a casual distinction in terms of the examples 
mentioned may, however, suffice for the purposes of the present paper. 

3 . CLASSIFICATION WITH RESPECT TO FUNCTIONAL VALIDITY 

OF A RESPONSE 

This is a classification with respect to the mechanisms inherent in organismic 
~<functioning" that lead to dependency in a statistical sense. The t.er~ validity 
may be readapted from the statistics of individual differ~n.ces to ~~dtcate how 
much one event justifies expectation, under representatiVe condit10ns, of the 
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occurrence of another event pertaining to another variable or region within or 
about a given individual (see § VI/3). Considering the specific dynamic 
interaction (see §IV /1), on the one hand, and the stabilization mechanisms 
(see § V /1) characteristic of patterns of life, on the other, both neighboring 
and mediating conditions may be contributing, or, at least approximately, 
noncontributing to the response within a given type of functional context. 

II. FuNDAMENTAL AsPECTS OF DESIGN IN PsYCHOLOGICAL RESEARCH 

The preparation for the gathering of factual evidence may be viewed under 
three aspects: choice of variables, manner of their variation, manner of their 
concomitant variation. 

1. CHOICE OF V.<\RIADLES Et-.'TERING THE SCOPE OF AN EXPERIMENT 

One of the most fundamental issues in the choice of variables is the number 
of variables allowed to enter the scope of an experiment. Whereas the classical 
ideal is that of the "rule of one variable" (see Woodworth, 1938, pp. 2 f.), 
modern trends in psychology are toward multiple variable design, which 
makes successful handling of problems of "context" possible. Although the 
presence of many variables in a situation has always been recognized, the num
ber of those considered, i.e., specifically controlled or evaluated in computa
tion, has in the past usually been drastically limited; this was often done 
under the assumption that the remaining variables were irrelevant (see 
§ III/ 1) . 

Of equal if not greater importance is regional reference in the sense introduced 
above (§ I/ 1). As will be seen, research in perception was first predominantly 
proximal-peripheral but is now becoming increasingly central-distal in its ap
proach. This further implies an increasing reach of the "arch" spanning be
tween the variables considered (for both trends see below, fig. 7). If mediation 
is to be included within its scope, as in certain ways it should, distal emphasis, 
then, implies multivariate design. However, in the study of individual differ
ences, especially in that of the inheritance of traits from one generation to 
another, mediation is usually left unscrutinized within wide limits, with the 
result that the entire pattern of approach may remind one of the "one inde
pendent variable-one dependent variable" scheme of classical stimulus
response research, in spite of the enormous number of unknown conditions 
filling the gap between the two variables observed. 

2. ~!A.~NER OF VARIATION OF THE VARIABLES CHOSEN 

This refers to the frequency distribution of the values of a variable along a 
scale. The major alternatives are listed subsequently. 

Graphic symbols for each of them as well as for the other methodological concepts dis
cussed in this paper are introduced in figure 7. Some of the "modifiers" apply especially to 
perception; but they may easily be augmented, by analogy, for overt behavior. 

a) Formalistic, 11systematic," policies, traditionally associated with active con
trol by the experimenter.-In this type of procedure, variation is dictated by an 
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experimenter in a laboratory situation and patterned after arbitrary, usually 
formalistic, i.e., clean-cut, principles possessing a certain symmetry and regu
larity. It covers both those cases in which variation is allowed to occur and 
those in which it is not permitted. 

The former case shall be called $JJSlematic variation (in the narrower sense 
of the word). In the typical case the values of the variable in question are 
spaced in even, discrete steps of equal frequencies, and along an. ar~itr~ry 
range of the variable in question resulting, say, in a rectangular d1stnbut10n 
of values. 

The opposite alternative to systematic variation within ~h~ gener~l frame
work of systematic design is the holding constant of a condition. This can. ~e 
done either by maintaining a. distinct finit~ value other than zero, or by mini

mizing or nullifying, i.e., reducing to near zero or to zero. These latter alter
natives can often not be clearly distinguished, e.g., when an even black 
background is used to eliminate the possibility of disturbance issuing from 
the surroundings. 

The chief advantage to be gained from this technique, envisaged in J. S. !\fill's "method of 
difference," is the exclusion of a condition as a possible contributor to :va~iatio.ns in the re
sponse which then, if present, must be attributed to other causes. It IS m this sense that 
variables held constant do enter the scope of the experiment in question. But they do so only 
in a negative wa.y, without actually being given a chance as a. potential factor. 

The frequent specific case that two or mQTe discrete cmstant values with no 
clear-cut specification of their interval (e.g., two different instructions to the 
subject, or two or more different ink blots in the well-kn?wn R:o~chach test) 
are presented is an intermediary case between systematic vanatwn and the 
holding constant of a. condition. . 

b) Representative variatim and passive control.-In this second group of 
alternatives the values of the variable in question a.re left alone and merely 
registered ~ their entirety in the passive proced~ of observational c~ntrol 
of the actuarial type. Or else they are interfered With merely to the pomt of 
extracting a sample that is more or less "representative" of the entire reference 
class in question. This may be left to chance in random sampling! or a more 
active attempt to assure representativeness may be made by what 1s known as 
controlled sampling, a procedure which, as will be seen, is not free from the 
danger of arbitrariness when applied t.o the sampling of stimulus situations 
(or tests) in canvassing an experimental problem. 

3. MA."<NER OF CO-VARIATIO~ OF THE VARIABLES A~!ONO ONE A.N'OTRER 

For the handling of concomitant variation, or, in short, of "co-variation" 
among variables in an experiment there are again the two major possibilities 
of systematic and of representative design. . . . 

a) Systematic co-variatio1l.-The following three subvanet1es of this first 
alternative shall be distinguished here: 

Artificial tying of variables. Suppose, as is the case in the Gal ton-bar experi
ment (Experiment A, fig. 1), that two lines at the same distan~e from the ~ye 
are to be compared with each other. O""ing to the equality of d1stance, prOJeC-
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tions on the retina of the eye (variable P) are equal when "bodily" lengths of 
the two half-bars (variable B) are equal; in short, the two "points of objective 
equality" (POE's) coincide. The two stimulus variables are thus inseparably 
tied by arrangement of the experimenter. This holds true as long as the scope 
of the investigation is confined to the laboratory situation in question. The 
two variables then vary irl perfect unison; their correlation is artificially made 
to be 1. Whether the respon...~ is specific to the one or the other variable, or 
is a function of both, thus becomes indistinguishable. 

For the particular variables chosen as examples the state of affa"irs may be 
specified as "channeled mediation." 

In experimental procedure, artificial tying of variables makes it possible to 
exercise what might be called remote control over other variables in the cluster 
by manipulating but one of them as an antecedent condition to the others 
(see fig. 7). 

Artificial interlocking of variables. If the two lines are set up at different dis
tances from the observer, as is done in the study of perceptual size constancy 
(Experiment C; see below, fig. 3), retinal projections are drastically unequal 
when bodily sizes a.re equal, and bodily sizes are drastically unequal when 
retinal projections are equal. This is represented along the scale of what will 
be called the manipulatory Variable {see § III/1) by the sharp separation of 
the POE's representative of the two experimental stimulus variables, Band P. 
Yet, possibilities for retinal projection of any given bodily length (such as par
ticularly also that of the Standard) are narrowed to two constant alternatives 
(as long as the systematically predetermined distance ratio, in our example 
1:6, is maintained), and vice versa for possibilities of physical object-correlates 
of any given retinal projection. 

Although this type of co-variation, to be called artificial interlocking, thus 
defines a "crucial experiment"-rendering the old philosophical dilemma, 
na.mely, whether we "see" the retina. or the outside world, "operationally" 
meaningful in terms of organismic functioning,-results have nonetheless to 
be considered contingent upon the rather specific, arbitrary choice of sizes, 
distances, and other conditions involved (see § VII/3). 

Co-variation is here artificially set at less than 1, and this absence of a per
fect correlation is in itself a definite step toward greater representativeness. 

Artificial untying of variables. Whatever natural co-variation there is between 
two variables may be obliterated in an experimental setup so that their corre
lation is artificially reduced to zero within the special laboratory world created 
by the investigator. For example, identical ("constant") clothing and posture 
was requested of the soldier students serving as "social objects" in Experiment 
D in order to eliminate these factors as possible influences upon the subjects' 
judgments. Thus correlations between clothing habits, or general muscle tonus, 
on the one hand, and personality, on the other, which very likely would be 
found to exist outside the confines of the particular experiment, were destroyed 
in the experiment. Although the holding constant of a condition is a principal 
means of eliminating co-variation, there are other means to the same effect 
(see§ VII/ 2). 
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b) Representative co-variation.-This is analogous to representative variation 
in that existing correlations are left undisturbed as they "normally" are. 
Correlations of 1 or of 0 as established under systematic experimental policies 
will, under these circumstances, be a rare exception rather than the rule. 
Therefore, these circumst,ances also confront the experimenter with a multi
variate pattern of potential observation or evaluation. This latter pattern is 
automatically offered in statistical research with its inherent passivity and 
thus representativeness. 

4. CLASSICAirSYSTEMA.TJC AND REPRESENTATIVE DESIGN OF 

PSYCHOLOGICAL RESEARCH 

The tradition of what might be called the "classical" experiment has been 
handed down to us from such famous origins in physics as Galileo's study of 
the fundamental laws of fnlling bodies. In terms of the distinctions introduced 
above, the classical experiment combines systematic policies of variation and 
co-variation-which in themselves may be taken to define systematic design in 
the wider sense of the word- with the rule of one variable. More specifically, 
the idea.! formula for classical design may be summarized as follows: Have one 
independent variable and vary it systematically; hold all other conditions, at 
least those that may be relevant, constant; concomitant variation in the de
pendent variable will indicate the relationship in question. Do likewise with . 
other variables and add up effects. 

The crux of the psychological experiment is that among the variables poten
tially contributing to the final response only the ecological stimuli are charac
terized by an ease of control comparable to that attributed to all the variables 
in an experiment in physics proper. Many organismic variables, among them 
especially central conditions, are, for practical reasons, as a rule (1) open to 
little or no interference and (2) accessible only to indirect control of a kind 
that cannot be univocally scrutinized. 

In order to approximate the classical ideal as nearly as possible, control of 
such conditions in psychological experiments is, in case {!)-important espe
cially for u- or for R-variables,-usually replaced by the use of averages from 
·within a representative distribution defined in terms of a broader cla..."S. Such 
averages may then be treated as rigid quasi-conatants as long as the group 
remains identical, as occurs in the so-called "before and after" technique. 
To thus circumvent actual variability by computational after-the-fact elimi
nation became especially important, since in the classical tradition the psycho
logical experiment deals primarily with the "generalized human mind" (see 
Boring, 1929), excluding individual differences problems as much as possible. 

In case (2)-usually combined with (1 )-unknown factors inject an element of chance, 
with the result that control is merely more or less probable rather than rigidly univocal. 
An example of such statistical remote control, hy antecedent condition, is the attempt to 
influence attitude, motivation, or other ~variables by the giving of an instruction or by 
the time elapsed since the last feeding (whereas such tests as amount of food eaten would 
use a subsequent condition). Similarly, u-variables may be held stalistirolly IJUQ$i-constant 
by such devices as the "matched group" ("experimental" vs. "control") technique. The 
same may be achieved for ~variables-the importance of which, by the way, the classical 
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psychologist tends to underestimate along with that of many external circumstances-by 
"balanced order of conditions" (a-b-!ra), whereby the experimenter gambles on the chance 
that uncontrolled systematic time effects such as fatigue or practice, especially when they 
may be assumed to be linear, will be neutralized along with the cancelation of random time 
fluctuations of attitude. 

The emphasi.s generally placed in psychological e:-cperiments on the policy of "repetition" 
with large numbers of individuals or of trials-as contrasted with the singularity of the 
ideal "pure case" experiment in which aU relevant conditions are known, see Lewin (1935, 
pp. 25 f.)-is a consequence of the comparative lack of manageability and accessibility of 
central organismic variables. It is in this vein that one of the founders of experimental 
psychology, Wundt (1907, pp. 307 f.; see also Woodworth, 1938, p. 2), has made repeatability 
a crucial criterion of the psychological experiment along with "active arrangement"-indi
cating that experiment creates new, rather than merely registers existing, fact-and planned 
"systematic variation." 

I t is predominantly by virtue of individual differences-long recognized as 
contributors to the response-that the entanglement of the psychological ex
periment with statistics has become an established fact in psychology (for a 
second historical inroad see § III/2). The modified classical formula for psycho
logical experimentation may, then, be summarized as follows: All relevant 
external conditions (and there are supposedly not too many) to be system
atically controlled, all internal conditions to be treated quasi-systematically 
by computational elimination of random variability. 

However, the variation contained in such quasi-constants as the mean of a 
sample may be reStituted in subsequent steps of added evaluation. When this 
becomes the main purpose, and especially when systematic stimulus variation 
is replaced by a constant stimulus pattern (as is especially clear in some of the 
"projective techniques"), the experiment changes into what is called a mental 
test (see § Vl/2) as established by Galton in England and by Cattell in 
America. The independent variable then shifts from regionS, the environment, 
to region u, individual differences. 

Since representative sampling was thus permeating the entire domain of 
variables actually varied and investigated in psychological testing, it could no 
longer be ignored. It is this feature of representativeness-including the case 
that the entire population in question rather than just a sample is studied-by 
virtue of which differential psychology may be considered inherently "sta
tistical." 

By contrast, stimulus-response relationships are, with the limitations out
lined above, capable of systematic treatment and have so far constituted the 
traditional domain of e>.:perimental psychology. This association developed 
primarily under the implicit presupposition that feasibility of systematic de
sign is a unique chance that one must not Jet pass, wherever it offers itself. 
And although statisticians proper have tolerated and faced their difficulties 
cheerfully, and over and above this have developed a keen sense for the merits 
of representativeness where sampling rather than systematic control seemed 
unavoidable, all this was usually not done without at least tacit misgivings 
when the statistical approach was held up against the ideal of the classical 
experiment. 

The task set for the subsequent sections of the present paper is to show 
that- quite aside from the asset inherent in the restitutability of individual 
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differences in the shift from experiment to test-the deliberate replacement 
of systematic by representative design for stimulus variation and co-variation 
is the key to further progress in functional stimulus-response psychology. The 
goal of isolating variables, common to experiment and statistics, can then 
be achieved by partial correlation or other statistical devices; whereas, on 
the other hand, the policies of classical experimental design will prove to be 
fallacious with respect to this goal for reasons £undamental to the patterns 
of psychological functioning. 

When restraining his interference with stimulus variables the experimenter 
actually duplicates, in a formal sense though with changed content, the 
patterns of research familiar in the study of individual differences. Thus, 
functional psychology is placed on s. par with differential psychology with 
respect to basic methodological policy. Combining active command of the 
situation with representativeness rather than with artificial systematic design 
leads to the establishment of what may be called representative experimental 
design. Certain residuals of syst~matic procedure may hereby be retained to 
great advantage (see especially §§ V / 2, Vl/ 1). • Aside from representative 
variation and co-variation, representative experimental design also implies 
that the choice of the variables themselves should be sensitized to their bio
logical relevance, as will be referred to later in this presentation. 

The reorientation involved is not altogether novel as a factual policy, at 
least in such fields of stimulus-response research as social perception, in which 
one cannot help but invoke the ways of the statistician in certain respects. 
What was lacking heretofore all along the line, however-and with unfortunate 
con •• ••equences, as will be seen-is the explicit conceptual recognition of stimulus 
representativeness as a respectable universal research principle. 

III. THE CussrcAL P sYCHOPHYSICAL EXPERU.IENT AND ITs 

R ELATIONSHIP TO ERROR STATISTICS 

1. EXP ERIMENTAL DESIGN, TYPE A. EXAMPLE: GALTON BAR 

In our model sequ.ence of experiments in perception, the classical experiment 
is exemplified by Experiment A, Length Discrimination on the Galton Bar.• 

The experiment may be visualized by means of figure 1 and figure 4, A; a 
more abstract summary of the experimental design is given in figure 7. The 
independent variable is said to be 11length," or, more precisely, the "length 
difference" between a constant 11Standard" and a "Variable"' as given by the 
two (near-)halves of the bar. 

• Thus, the treatment of traditionally experimental stimulus-response problems will ab
sorb more and more of the general outlook of statistics. N everthel~1 it should be noted that 
certain differential psychological problema have recently beuefir.ea from the adoption of 
features of the experimental approach; to cite only one example from the psychological 
study of heredity (the pioneer field of stati.stiCl!), we refer to the systematic breeding of 
"bright" and "dull" strains of rats by Tryon (1910). 

• See Galton's works as described by Pearson (1924, Vol. n;_pp. 221 ff., referring to a r&
port on Galton's Anthropometric Laboratory published in l81S:>); see also Titchener 0901/ 
1905), and Garrett (1941). Data on visual length discrimination were published by Weber 
as early as 1846, reporting threshold values of 1/50 or even 1/ 100 for lines; hia classical 
psychophysiCl! of touch is even older (see Boring, 1929). 

' T his term, when spelled with a capital, may further be specified by adding the attribute 
"manipulat~ry'' in order to avoid confusion with t.he term 10 the more customary sense of 
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All other relevant conditions are said to be held constant; this is notably true 
for the spatial orientation and the distance from the observer of all lengths 
entering the comparison, as well as their surro~.~;ndings if a homogeneous back
ground is used. However, especially in the earlier phases of psychology, only 
relatively few variables, such 11.s those listed, were suspected as possible con
tributing factors to the responses/ even fewer than had to be recognized in 
some of the classical physical experiments that served as a methodological 
prototype. 

Fig. 1. (Among other sources see Garrett, 1941, fig. 47, A.) 
Experiment A. GaU1111 Bo/'.-A good exa~ple of theemphasison precisiol_l appar~~~ with 

neglect of genuinely functional problems1 m a!!- era of p~ychology somet~es cntie1zed as 
given to "brass instruments." In the best classtcal traditiOn, the ~wo hon zontal halves are 
presented against a homogeneous background. 

The dependent variable is constituted by the responses given by the subject. 
Results may be summarized in a score giving the "difference threshold" for 
the task in question. 

T his threshold is defined either as a "difference limen" (DL), in turn based either upon 
the rotative number (with the "method of constant stimuli") or upon the relative number 
and certain features of the location (with the "method of limits") of uncertainties of judg
ment. Another measure of the difference threshold is the standard deviation (SD) of the 
points of subjective equality (PSE) of repeated presentations. These in turn are defined 
either in terms of the transition points of subjective judgment (with the method of constant 
stimuli) or as active settings to apparent equality by individuals ("adjustment method"). 
With the first-named two of the three classical psychophysical methods listed, the manipu
latory Variable is varied by ~be experimenter systematically, i.e., in a predetermined series of 
presentations along a scale of equal steps. Threshold values differ, depending on the method 
used. See Woodworth (1938, chap. xvii). 

Although classical "psychophysiCl!" i.s primarily concerned with sensory qualities and 
their intensity and other a ttributes-as, for example, with color sensations and their bright
ness or with tonal sensations and their pitch and loudness,-all its essential methodological 
features are present in our case as well. The entire approach is an outgrowth of a type of 

"experimental variable," variate, dimension, denomination, or "treatment" .<as in the ~ly
sis of variance) . As can be see,n fr?m figures 2, 3, and 4, Standard and. V arJ.able p~rltctpa~e 
in a common technical denommatton, us_ually t~at of one of the expenmental va_nables (m 
our cnae "bodily lellgth"); whereas vanous pomts along the marupulatory V e.rtable scale 
may co~e to represent different variables (dimensions), both of the stimulus and the re-
sponse kind. . • h . fi . . kling f 

'Thus, the frequently r~produ~ed ll!ustrattOn a. own 10 g~~:re ~ gtves no m ~ a 
covering up of the potenttally dt~~bmg. m.echanical accessones mvo!ved, ~d ca~ttons 
usually do not mention the desirabthty-e=tmg, at leastt from the classtcal potnt of vtew
of a homogeneous background. If 11-t all, . classi~ expertmental psycholojO' is i:zlclined .to 
establish cle&rly the influence of netghbormg vanables only so far as the ~mmedwte spattal 
or temporal surroundings are concerned, such as in the case of ("marginal") color contrast, 
after-images, and the like. 
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introspective analysis, known by the somewhat misleo.ding term "Structuralism," which 
dominllted the psychology of the nineteenth centwy and was chiefly represented by Wundt 
in Germany and by Titchener in America. 

The intrinsic shortcomings of the classical psychophysical design, especially 
what will be called its "clustervariate" rather than truly univariate charaoter, 
will appear in the course of our further presentation. 

2. EARLY STIMULUB-RESPOSSE STATISTICS: ERRORS OF MEASUREMEil.'T 

~'I'D OF RELATED TYPES OF OBSERVATION 

The invasion of the pure experiment by the statistics of individual differ
ences and the positive use made of individual differences in testing as described 
above (§ Il/4) are not the only ways in which traditional psychology has 
come in contact with statistics. A third is given by an elementary kind of 
stimulus-response statistics, of the type described above in connection with the 
listing of the various measures of the threshold and climaxing in such generali
zations as the Weber-Fechner law. 

Considerable effort on the part of psychophysicists working in the wake of 
the classical tradition (such as Fullerton and Cattell, 1892, and Cattell, 1893) 
has gone into the treatment of perceptual responses in t~rms of observational 
errors of the kind known in physical "measurement" and dealt with in error 
statistics ("normal law of error"). It is to be noted that this is statistics of 
variability-rather than correlation statistics as is the type of representative 
stimulus-response research suggested in the present paper. 

Indeed, the experiment with the Galton bar is, in its spirit. as close to measurement as 
any psychological experiment conceivably could be; comparison of lines has been made but 
little more difficult by placing them side by side, rather than parallel and as closely "coinci
dent" as possible as in measurement proper. In such cases as "photometry" physical observa
tion and psychophysics become altogether indistinguishable since we are then dealing with 
the same type of "response" that is used in establishing a "stimulus ." Experiments of 
this kind actually belong to both disciplines at the same time. Thus, if one should wish to 
extrapolate the series of our model experiments backward beyond (A), "measurement of 
length" with its observation of spalio-temporal point coincidences of the two ends of a 
line with marks on a scale would be the logical choice. 

In the course of time, and right up to the immediate present, psychologists 
have thus become firmly accustomed to think of the role of statistics in psy
chology in a threefold way: 

First, and negatively, in an experiment, statistics comes in as a disturbance 
through individual differences, and is to be eliminated as painlessly and as 
much without leaving a trace as possible. 

Secondly, and positively, the sa.me individual differences become the back· 
bone of one of the most important fields of psychology-mental testing. It is 
this domain with which the concept of psychological statistics is usually 
associated and which has in turn contributed appreciably to the development 
of such mathematical statistical instruments as the correlation coefficient. 

And thirdly, on a siding, and chiefly back in forgotten times, there is the 
error statistics of classical psychophysics, seemingly a dead end so far as 
psychology is concerned, and continuing into our times in a mere trickle of 
frozen tradition. 

r 
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The broade.ning of psychophysics into a multivariate and functionally rep
resentative disciplin~ discipline which thus is not only experimental but is 
at the same time statistical-will be the topic of the subsequent sections 
(§§IV to VII). 

IV. PROXIMAL MuLTIDIMENSIONAL P sYCHOPHYSICS OF "GESTALT" 

PROBLEliS: !NTRAORGA..'ITSMIC FIELD D YNAMICS 

The stress in a second phase is on interaction of variables in a broader con
text. This is the stage of systematic "multidimensional" psychophysics which 
forms a transition from the classical to the fully representative stimulus
response experiment. Two steps may be distinguished here, to be discussed in 
the present and the next section. 

1. EXPERIMENTAL DESIGN, TYPE B. EXAMPLE: MULLER-LYER ILLUSION 

The first of these steps, inaugurated by the early Gestaltists of the Graz 
school during the last decade of the nineteenth century, dealt predominantly 
with the negative, disruptive aspects of interaction in a field, that is, with 
"inadequacies" (Benussi) of perceptual responses in comparison with the 
actual stimulus. Examples are the geometrical optical illusions, or apparent 
movement. 

From here the Berlin school of Gestalt psychology proper (Wertheimer, Kllhler, Koffka) 
expanded in 'the second and third decade of the present century into a. genera.! dynamics of 
form perception. As the present writer sees it, this development climaxes in the "law of 
Prignan.z," a. principle still con.6ned, as were the illusions, to an emphasis. o~ a type of 
interaction within a broad field which is in effect upsetting rather than establishing correct, 
or "univocal," correspondence between environmental variables and organismic responses. 

Our example for this phase of development of the psychology of perception 
is Experiment B, an illusion described by F. C. Mliller-Lyer (1889). In figure 2, 
otherwise unpublished results of a recent thesis by Marianne Miiller (1935) 
are shown together with the illusion pattern itself. Again the general design 
of experiments of this type is summarized in figure 7. 

The "crucial" character (see § II/3, a) of this experiment is established by 
the fact that the artificial tie set up between the variable "length," L, and the 
variable "adjacent, or 'fringing,' area," F, has been replaced by artificial 
int~rlocking, giving the two stimulus variables a measure of independent 
variability in what is in a formal way analogous to the type of "multidimen
sional" psychophysical experiment as it is known from recent research in more 
purely sensory domains (see below, footnote 11) . More specifically, it is one 
of its major neighboring variables tha.t length is "confronted with" (see 
Brunswik, 1934, § 28). 

As compared with the classical psychophysical experiment, experiments of 
such design are capable of revealing the intensive "confiuxion" that exists 
among certain neighboring variables, making them conjointly highly con
tributing to the response. ln our particular instance, fringing area proves 
functionally even more po,verful than length (see fig. 2 and below), and this 
in spite of the fact that it is length which is apt to be singled out by the classical 
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experimenter as the independent variable, both by virtue of its introspective 
prominence as what may be called the "figural" variable and by virtue of its 
being the most conveniently manipulable or measurable aspect of the situation. 

Ecological variation of a. systematic type, and, even more, spotty canvassing 
that may be considered an implicit and rather clumsy attempt at controlled 
sampling of problems, is comparatively abundant in the investigation of 
illusions of this kind. The .Milller-Lyer illusion inaugurates what Boring (1929, 
p. 630) has characterized as the "decade of the optical illusion" in the history 

Att;t..Oc.s: It 1., 4 t.. L1 L' 

R.._lt• .~:,:.:~;~:.':?:~:::.·.:::·::}?!;? 
····.:::::::::.:::·.;;.,.. ~ 

Potts C1f inttntion CPOEJ): i? .so 11t0 '""' 
5timu.lw voria.~c:3; Fc_ (f) L 

• Standard· 
"0 """ 

Manipulatory "Variabl~· Seal¢ 
Fig. 2. (Data by M. Mi.iller, 1935.) 

E:~:penment B. M'llller-Lyer Illusion.-Main pattern of two horizontals, with by-pattern 
of .three pairs of radiating lines (arrow tips) pointing in opposite direotions. T he angles in 
th1s part1cular version are 30°. Attitudes are desigosted as lor f deJ?ending on direotedoess 
of the subject toward length of horizontal lines, or toward fringmg areas, respectively 
whereas d stands for a "diffuse" (undirected, aesthetic) attitude toward "good balance" of 
the two halves of the drawing. Subscripts w and i further specify whether tho directedness 
was natural, relaxed, "whole-perceiving," or else analytic, "part-isolating." Both these 
~ypes of attitudes stay within perception proper, although there is more concentrated effort 
10 the case of i. Rational control through abstract knowledge or thinlcing is here only applied 
to .length, in a "critical attitude," l'. Results are averages of 16 su6jects based on the 
adJustment method, with a mixed order of attitudes. The fringing area is at firSt tentatively 
defined as the area cut off by imaginary straight lines connecting the open ends of the arrow 
tiP:~. Thus the value for (/i') corresponds to the open distance at the mouth of the enclosures 
adjacent to the Sts.ndard. Results or additional experiments by Miss Miiller with actually 
cl~ figures IJlAke a correction, indicated by the small arrow leading to fi',

1 
seem appro

p,nate. Tb.ia correction repnlllents an outward bulging oi the areas which mustoe assumed to 
'belong" perceptually to the horizontals and thus to be responsible for the illusion; the 

greater bulge is on the more open, right-hand side. 

of psychology, covering the 1890's. A considerable array of illusions of size, 
direction, and curvature were described, including several variants of the 
MUller-Lyer pattern. Soon, analogous instances in the tactual field were 
discovered. Furthermore, variation of such features as the angle between hori
zontals and radiating lines in the Mtiller-Lyer pattern was studied by Bren
ta.no and by Heymans. 8 Marianne MUller showed that in unconstrained length 
comparison there is an almost linear increase in the amount of illusion as this 
angle decreases from 60° through 45° and 30° to 15°. 

T he range of ecological variables contributing to judgment of magnitude and of number 
goes so far as to include such socially conditioned and emotionally or motivationally loaded 
factors as the monetary value of coins; see Brunsw;k (1934, reporting unpublished studios 
by Fazil and Zuk-Kardos), Ansbacber (1937), and Bruner and Goodman (1947). 

1 The history and theories of the illusions may be found in Boring (1942, pp. 238-246, 262 
ff., 261); summary m Woodworth (1938 p~. 643 ff.). It should be added that the above-sug
gested treatment of the Miiller-Lyer illuston as a length-area "assimilation" ("dissimila
tion," or contrast, is the opposite alternative, both terms being more customary than their 
common heading, con.fluxion), bein~ merely one of a series of synonymous or "tautological" 
descriptions or the objective situation, does not prejudice in terms of any of the numerous 
physiologies! "explanations" listed in these two sourcebooks. 
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2. ATTITUDE AS STUDIED IN M1J"'L'l'IDIMENSIONAL EXPERIMENTS 

By the same token, the great importance of the subjects' attitude (Ei111-
8teUung), in the specific sense of directed attention toward a. certain variable, 
became evident. A study on the Miiller~Lyer illusion comparing the normal 
whole-perceiving with a. part-isolating attitude was published by Benlll!si in 
1904 (see Woodworth, 1938, p. 649). The recent data of Marianne Muller 
demonstrate the great flexibility of the responses when attitude shifts from 
one of her no less than six varieties (see the legend to figure 2) to another. 

The tradi tional measure of illusion is the cmurtant error, CE- Mean PSE- Standard (or 
POE). It is occasionally ealled "systematic error" since there is little that is constant about 
this error. On the contrary, variability of judgment-both intra- and intersubjective--is 
usually increased radieslly in compa.rison with the classical experiment in which the response 
is sheltered against disturbances. Since length-area con.fluxion is an instance of "perceptual 
compromise," the constancy ratio, c, to be introduced with Experiment C, may be used as 
an alternative; the two POE's, Land P, constitute the poles of the scale, 100 and 0, respec
tively. (Thereby, capital letters may be used to designate either the stimulus variable or 
the POE representing it on the manipulatory Variable scale, as lower-case letters are used 
for attitude as well as for the corresponding response variables and concrete PSE's obtained 
in taking those attitudes, so long as there is little danger of misunderstandingS.) 

With the particular version of the Mi.iller-Lyor pattern presented in figure 2, Marianne 
Miiller obtained a CE of 50 mm, or 33 per cent of the Standard, in the ca...<:e of natural, 
unconstrained attitude toward length, l,.. This is some\\•hat more, perhaps, as one may 
find in a. class demonstration, and possibly to be accounted for by the alternation with other 
attitudes emphasizing area. (In fig. 2 the illusion is probably somewhat enhanced to the 
reader by the "subdividing" dotted lines indicating the results.) 

This error diminishes by shifting to the length-isolating attitude, !,; it is approximately 
cut in half by superimposition of intellectual self-criticism (l'), a result quite typical for cases 
in which the subject remains "without knowledge" or the correct solution, as was the case 
here (see also Experiment C). In group experiments in the classroom, critical attitude "with 
knowledge" was found capable, on the average under certain conditions, of overcoming the 
illusion completely, although large SD's obtained point toward a good deal of conflict in 
such situations. 

The area pole, on the other band, is well attained in the respective attitudes f .. and /1, 
even \Yithout resort to a erit.ical attitude (see also legend to figure 2). The functional domi
nance of fi' over L is further revealed by the fact that responses in the diffuse attitude, d, 
cling much more closely to the former than to the latter "pole of intention." 

Within the scope of the a-variables, encompassing all intra-individual differences, lie 
what are known as practice effects. Like analytic attitude, practice-in the sense of sheer 
repetition- was found to reduce the illusion almost to zero, although the effect does not 
always stand up to reversal of the figure (see Woodworth, 1938, pp. 195 f.) and is thus not 
highly generalizable. 

As to inter-individual differences (u-variables) : Thurstone (1944, pp. 63 f., 89 f., 95, 120 f.) 
found that among his close to 200 subject.~, mostly students, women were slightly more 
susceptible (less resistant, r - -.14) to the MUUer-Lyer illusion than men.1 In 76 students, 
Ehrenstein (1935, pp. 58 f.) found averages of a variety of illusions to be 25 per cent higher 
in those oriented toward the humanities than in natural scientists and those who in school 
had excelled in mathematics and physics and thu.q could be regarded as analytically inclined. 

t The over-all average for the illusion computed from his table on page 64 is 22 per cent, 
considerably less than the 33 per cent computed from our figure 2. Since T hurstone uses a 
45° angle instead of the 30° angle on which tho latter · value is based a discrepancy in the 
direction obtained is in line with tho above-quoted findings about the effect of the angle 
upon the illusion. 
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Thurstone further reports that correlations with the "primary mental ability" of reasoning 
are close to zero although the perceptual "factor" tying together the various optical illusions 
correlates .14 with Reasoning, indicating less illusion in the more intelligent, a fact antici
pated by Crosland, Taylor, and Newsom (1927). Binet (1895), and later Pintner and Ander
son (1916), found children to be slightly more susceptible to the MUller-Lyer illusion than 
adults (see also below, § V /1). 

~--------------30'~----------~ 
Fig. 3. (Adapted from Brunswik, 1935, fig. 1ll.) 

Experiment C. Perceptual Size Comtancy.-ln actual procedure, the head of the subject 
will be placed so as to avoid overlapping of Standard and Variable which would, especially 
if nearly complete, grestly facilitate photographic ~rception. Results shown are fictitious, 
but not atyp1cal, tliough perhaps on the higher &de as to c when geometric objects not 
associated with any particular familiar size are shown in an indoor setting that furnishes a 
normal array of distance cues (see text). Unannotated marks about the middle of the 
Variable- and c-seales indicate the midpoints, 28 em and c • 50, respectively. The differonce 
in their location indicates the downward shift of the sensitivity of the seale in tbe direction 
of the smaller magnitudes as the result of the use of logarithms instead of numerical values. 

v. DISTAL M UIIriDIMENSlONALPSYCHOPHYSICS OF THE "THING-CONSTA.. ... CIES": 

STABILIZATION OF RELATIONS WITH THE REMOTE E..WIROmtE~'T 

1. EXPERThtENTAL DESIGN, TYPE C. EXAMPLE: PERCEPTUAL SIZE CONSTANCY 

The second step in the development of multidimensional psychophysics 
differs from the first in that it is crucial with respect to an independent variable 
which is confronted with one of its mediati1l{J conditions rather than with one 
of its neighboring variables as in the Miiller-Lyer experiment. In terms of 
experimental design this means that the artificial tie of distal and proximal 
variables familiar from Experiment A, Galton bar, is replaced by artificial 
interlocking. It is this specifying reaching out into the environment which 
renders this approach "functionalistic" in a way demonstrated more clearly 
in figure 7 (see also fig. 10). 

In the size-constancy experiment chosen to represent this step (Experiment 
C, fig. 3)10 retinal extensions are pitted against the sizes of objects in the 

>o Hist~ry of the problem by Boring (1942; concluding sections of chaps. vii and viii, ~P· 
255 f., 262,288-303, 308-311). Sec also :Frobes (1923, pp. 317 ff.; 1935, pp. 25 f.). Concernwg 
the 1910's as the beginning of full maturity of the research in the thing-constancies, see 
below, subsection 2. 
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. U · ·at ( ore Correctly Cluster-Variate) 

Examplu of Scatter D_iaqramafor.SysteRt~c ~"by ~:erimenta A a~ c .-By emphe:-
and. MultWariaU E::r;per?b~ De:~~ro~~tion as the second variable, a similar compa.rl
sizing adjacent udreabrat er Ga~l[on bar and MUller-Lyer illusion. 
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environment. It separates the variable "bodily length," in this context best 
to be named B, from their direct retinal projections, the "physiological" 
("photographic") sizes, P. Thus the "channeled mediation" (see § II/3) 
defining the artificial tie between B and P characteristic of the first two experi
ments is given up. The resulting change from perfect to imperfect correlation 
between the two stimulus variables B and P that makes possible an isolated 
treatment of the two variables may best be visualized by comparing the two 
scattergrams shown in figure 4. 

Experiments A and B are both, at least in the classical interpretation, to be 
considered proximal in character (by rigid remote control of retinal conditions 
through handling of distal manipulables); they a.re certainly no better than 
proximo-distally neutral, or inconclusive. Experiment C, on the other hand, 

·is capable of differentiating between distal vs. proximal determination of re-
sponses. Both Experiments B and C are multidimensional.11 In retrospect, the 
alleged unidimensionality of the classical Experiment A must appear fallacious. 
Neither of the variables B or Pis really isolated. They are merely inseparably 
tied by what would better be called a "tied-variate" or "cluster-variate" 
rather than a univariate design; hence, even if they should both be accurately 
responded to when tied, there is no saying which one of the two is the specific 
stimulus or whether the response would be a function of both of them at the 
same time when they are untied. It is obviously in the nature of things that not 
all variables except one can be held constant, if only the scope of experimental 
observation is extended beyond the immediate conditions to include past and 
remote causal variables. This latter must be done if the goal is an inventory 
of the gross efficiency of organismic functioning against the background of 
disturbing factors rather than a study of the "fundamental" minutiae of 
organismic technology. 

The major result is given by the apparently paradoxical approximate in
variance, or "constancy,"12 of the appearance of physical bodies, despite 
drastic changes in distance and thus in retinal representation (for specific 
values see below). In the statistical sense defined above(§ I/3), contributing
ness of the mediating proximal variable, P, is thus found to be at a minimum; 
this is an important instance of causation without correlation. The final re
sponse is to a high degree "focused" on the distal variable, B. Their relation
ship ma.y thus be called "stabilized"; or the variable B ma.y be called nearly 
"attained" (Btunswik, 1934) by the response variable b . . 

" Experiments so far reported in the literature under the heading of "multidimensional 
psychophysics," e.~ .• those by Richardson (1938), or Steveo.s' wcll-ltnown analysis of tonal 
attributes (see Bortng, 1942; Woodworth, 1938, p. 509), are proximal in chare.cter. In fact, 
they even deal with sensation in the narrower sen..~the sub)eot matter of classical psycho
physics proper,-whereas the Mliller-Lyer illusion deals with figural elements such as 
apparent length; the latter likewise ignores, however, Lbe distal-proximal alternative. 

,. This use of the term in "thing-constancy" has nothing to do with its previously men
tioned use in "method of coo.stant stimuli" (often abbreviated to "constant method"); still 
another concept, that of the "constancy hypothesis," refers to the assumption of e. one-to
one relationship between sensation and the elements of proximal stimulation which, accord
ing to an allegation by Gestalt psychology, is implied in classical structuralism. Such 
constancy, if true, would in effect contradict the intuitive character of the perceptual 
tbing-coo.stancies in which the relationship to the distal stimuli appes.rs stabilized. (Needless 
to add that the term "constant error" refers to a still further usage.) 
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On the average, existing errors point in the direction of what the present 
writer has suggested calling a perceptual "compromise" effect involving bodily 
and retinal size (see Brunswik, 1928, 1934; Thouless, 1931) . This principle and 
its generality will be further discussed below (§ VII/3). 

Unless a subject is specifically trained in perspective drawing or painting, 
even a. change of attitude toward an intent to perceive in proportion with con
ditions existing on the retina of the eye (or on a real or imagined projection 
screen) is not likely to obliterate perceptual size constancy to any drastic 
extent. 

The degree of perfection of perceptual size constancy may, especially in systematic 
experiments, be measured by the cmutancy ratio, suggested by the present writer (1928) for 
the analogous case of color constancy. In adapted notation, it is 

P-r 
cop= P-B 

whereby r designates responses (PSE's) obtained in any of several possible attitudes." This 
ratio measures the completeness of the functional "transformation" of the relatively large 
retinal image of the Standard, subtending the visual angle a, to the proportions of that of the 
far Variable and especially to {3, defining the visual angle under which the bodily equivalent 
of the Standard is projected upon the retina. I t does so by giving the degree of approxima
tion of r to Bas a fraction of the ideal transformation given by the full distance between the 
"poles" B (1.00, represented by the first subscript to c) and P (0, second subscript). Small
letter subscripts may be added in parentheses, or may be used alone whenever there is no 
danger of misunderstanding, to specify the attitude in which the response bas been given. 
The poles themselves represent perfect size const~ncy (1.00) and complete lack of transfor
mation or perfect ret.inal attainment (0), respectively. Values of c of more than 1.00, indica~ 
ing overcompensation for the difference in distance ("overconstancy"), are of course entirely 
within the scope of the formula; in fact, they are quite frequent in individual cases or under 
atypical (nonrepresentative) situational conditions. It must be kept in mind, however, that 
they represent deviations from the correct response just as much as do values under 1.00. 
Admitting the..«e values as computational expedients helps the ascertainment of the average 
trend in the results which may point to a value quite close to perfect thing constancy, with 
a good proportion of the scatter falling beyond, rather than short of, the ideal achievement. 

(All this seems to fit best a type of instruction asking for r to be given in the subsequently 
discussed natural attitude, b, which is directed toward the distal stimulus variable, B, thus 
specifying the above-given constancy ratio to csP~I. or, in brief, c.. In attitude p, directed 
toward the proximal stimulus variable P, on the other hand, not B but P - more precL<tely, 
not POEs but POEP, see IV / 2-is the correct answer. One may, therefore, feel inclined to 
have B and P exchange places in the formula, thus defining an inverted constancy ratio 

u In translating the notations from the original article (Brunswik, 1928), Woodworth 
(1938, p. 605) has chosen S (for "stimulus") as the analogue to our present P A. (for 
"albedo," the reflecting power of e. surface, p. 598) as the analogue to our B and R for our 
r1 in what be bas labeled the "Brunswik ratiO" (BR, as in Cohen and Quinn' 1946 where a 
snort computation method is described). ' ' 

For reasons. of t.be Weber Law !lnd other, even more intrinsic, re11:9ons (see Brunswik, 1933, 
1934), a substitutiOn of the loge.nthms of B, P, and r for the numcru:al values (first explicitly 
suggested by Thouless, 1981) is to be preferred, e~;pecially when the "span" between the 
poles is large, as is usually true in experiments on size constancy. Actually, the same effect 
as by t~e use of,loga~itll;ms can also be acbie':ed by varying the ~pulatory Variable in 
geometne (logarithmic) mtervals rather than m the customary antbmetic series. The scale 
of gray ~apers u.s;ed ~the original article of th~ present writer constitu~d su.ch a geometrical 
pro~on of stimuli. The order numbers asstgned to each of these stimuli (as 8Jso seen in 
the r1ght part or fig. 4), when used to replace the actual magwtudes along the Variable scale 
in the numerical version of the formula, lead directly to what may be specified as a cloc in 
contradistinction to a simple c ...... 
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cpacpl in which P coincides with 1.00 and B with zero. However, such a dual procedure has 
proved too confusing in practice; the abbreviated symbol Cp used below therefore refers to 
a noninverted CBPC•l·) 

Instructions to the subjects constitute a special problem in all experiments on thing 
constancy. To counteract "stimulus errors," i.e., intellectual interference that may result 
from knowledge in geometrical optics or in physiology or from specific information, the 
casualness of the everyday, practical, "naive-realistic" attitude b has to be drastically 
emphasized by analogies referring to such features as the tallness of people in feet and 
inches, or the size of cars and of other objects of utility varying within narrow ranges, to 
be established at varying distances. On the other hand, reference to perspective drawing or 
to measuring on a photograph will help to establish attitude p. An abbreviated set of instruc
tions for these two properly perceptual attitudes, as well as the corresponding two "critical" 
attitudes inviting the stimulus error by letting the person imagine that he has to take an 
actual "bet" on the judgment, is given in Brunswik (1944, pp. 4 f.). 

Holaday (1933) studied size constancy under purposely somewhat less favorable ecological 
conditions than those assumed for the fictitious data shown in figure 3. Cubes were placed 
on the empty floor of a large auditorium which was otherwise left unchanged, with the 
subjects' heads but slightly raised above the floor. Results obtained are here recomputed, 
using the logarithmic instead of the numerical values of the original data, and averaging the 
data for the four "distance constellations" of Standard and Variable (1 : 2, 1 : 4, 1 : 8, 
2 : 8 m) and for the ten subjects used. They are as follows: .86 for 01., representing the most 
natural, unconstrained attitude, in contrast to .39 for c •. Corresponding critical attitudes 
yield .94 for Cb' and .25 for c.•, cutting errors in both directions approximately in half. 
Group experiments conducted by the present writer in the laboratory, using fiat triangles in 
a manner described in Brunswik (1935, p. 87), with distance constellations ranging from 
2 : 8 to 6 : 12m, yield on the average a c1•• of about .9 forb, of about .6 for p, and of about 
.2 for p'. Experimental series were started at the nonintended pole in each case, loading the 
procedure against the hypothesis of good "attainment" of the intended pole by the action 
of what is known as "central tendency of judgment" (see Woodworth, 1938, pp. 445 ff.). 

A similar increase in the "shiftspan"-but this time within the perceptual system proper
has been found t.o result from practice ("without knowledge" of correct responses) in ex
periments by Klimpfinger (1933a; see also Brunswik, 1934, fig. 7) on the related problem of 
the "shape constancy" of ellipses rotated into the third dimension. Constancy ratios rose 
from about .6 to about .9 forb, and fell from about .3 to about .2 for p (likewise an improve
ment), in the course of twenty-six training series scattered over a period of one month. 

Development of color- as well as size- and shape-constancy has been found to have 
reached a considerable degree at the ages of two or three years, with a definite climax from 
about ten to about fifteen and a slight decline in adulthood (see Brunswik, 1930). This de
cline is probably to be interpreted as a shifting toward more abstract processes or functions, 
such as memory and thinking, "analogous" (Werner, 1940) in furnishing orientation in the 
environment to the relatively autonomous, more primitively organized perceptual system 
proper. A si.Inilar increase up to the age of ten and a decline from then on was recently 
observed for a certain form of the vertical illusion by Wu.rsten (1946). Concerning the first 
intimation of the constancy mechanism at the age of about sbc months see Bruns\\"ik and 
Cruikshank (1937) and Cruikshank (1941). Some of the remarkably high constancy ratios 
found in animals are reported by Woodworth (1938, chap. x:xi.v). 

Retest reliability, after two years, haa been found as high as .92 for an experiment i!l 
shape const-ancy (Thouless, 1938). Different tasks in the same special branch of the con
stancies were found to correlate from .3 to .9 by Sheehan (1938), using 25 subjects only, 
whereas Thurstone (1944), with his close to 200 subjects, found intercorrelations to be only 
.12 or under. Intercorrclations among size-, shape-, and color-constap.cy, throwing light 
upon the problem of test validity and of the trait character of the perceptual constancies, 
have been reported by Sheehan (1938) and by Thouless (1932, 1936, 1938) as between .3 
and .6. With 76 subject.s, Weber (1939) found a higher degree of siz-e constancy in ext raverts 
than in introverts. Thurstone (1944, p. 95) found correlations of brightness-, size-, and shape-
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constancy V>;th the factor of Reasoning to be practically zero; women are slightly superior 
to men in the tests involving brightness constancy (r = .21) and size constancy (r ~ .17), a 
finding which in view of the large number of subjects should not be ignored. (T he treatment 
of the constancy problem by T hurstone suffers from lack of consist<lncy with respect to 
whether establishment of high constancy-good "object judgment" -or the ability to cir
cumvent this perceptual mechanism-good "sensory judgment"- is taken to define the 
perfect score. For brightness the former, for shape the latter policy is being followed. For 
size, indications seemed ambiguous to the present writer; see pp. 70 f., 89 ff.) 

As to the variation of the dist-ance cues available see subsection 2. A purely ecological 
dimension systematically varied by Holaday is dist-ance constellation. For the combinations 
given above, augmented by others involving the distance of 72 meter, there is, under the 
indoor conditions described, a steady and significant decrease of c1•• with increasing absolute 
distances when distance ratio is held constant, from .90 for 72 : 1 m to .71 for 4 : 8 m. 
Recent experiment~ by Gibson and Glaser (Gibson, 1947, chap. ix) with outdoor distances 
up to nearly 800 yards show almost undiminished accuracy in terms of "constant error.'' 
Since what corresponds to the manipulatory Variable is at a constant distance of 14 yards, 
t.his result means an increase in c with increasing distance discrepancy. 

Attempts to fit simple generalizable curves to data of this kind would probably not be 
rewarding in view of the large number of ecological factors contributing to the establishment 
of thing constancy, although Hsia (1943) has recently made an attempt to formulate such 
a law for the degree of color constancy as a mathematical function of the degree of dis
crepancy of illumination between St.andard and Variable. 

Stabilization effects of the kind studied in the thing constancies are of the 
very essence of life, and their recognition is one of the most fundamental tasks 
of a functionalistic psychology concentrating on questions of utility and ad
justment. They appear paradoxical only as long as isolated mediating stimulus 
variables, such as retinal size, is considered apart from other conditions. 
Actually, all thing constancies require "multiple mediation," i.e.; the con
tributingness to the response of proximal "cues" representing "circum
stances" of the situation viewed, in our ca~e the distances from the observer 
of the objects perceived (Buhler's "duplicity principle," 1922; see also Bruns
wik and Kardos, 1929). This is further illustrated below in figure 10 and the 
accompanying discussion. 

AD. example of a physiological stabilization mechanism is "homeostasis," the constant 
maintenance of conditions in the internal environment, such as blood temperature (see 
Cannon, 1932). Naturally grown or artificial lenses capable of focusing in the literal sense 
of the term present the principle in a nutshell. Stabilization mechanisms of an artificial kind 
are found in bombsights and gun stabilizers of tsnks. (For further discussion see Brunswik, 
1952.) 

Fundamentally, stabilization mechanisms must be considered as special 
cases of confluxion, and thus in the last analysis akin to the field dynamics 
studied by Gestalt psychology. The functionalism reflected in the study of 
perceptual thing constancy, however, acknowledges a positive, rather than 
the negative (organism- rather than stimulus-centered) aspect of these dy
namics. Stabilized relationships with the environment are biologically useful 
adjustments, especially when they anchor organismic orientation to properties 
of more or le..."S remote, more or less vitally relevant solid objects of potential 
manipulation and locomotion such as landmarks, tools, enemies, or prey which 
themselves are usually fairly stable or predictable (see also § VI/4). 
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Confluxion and especially focali~ation of such vast proportion-and espe
cially such vast consistency-as are encountered by psychologists have not 
been faced by the classical physicists. Vice versa, experiments patterned after 
those of classical physics, though feasible in psychology (as shown by the 
classical psychophysical experiment), bypaBs the vital type of information 
given by multidimensional stimulus-response research, especially by the func
tionalistic type separating the distal from the proximal variables. 

To give only one example: threshold values on the Galton bar are, under certain condi
t ions, about 1/40; a. person displaying a threshold twice or three .times as l~ge ~der 
similar conditions would be quite an extreme case. Yet, a person senously deficient m the 
mechanism of size constancy may easily be off a thousand times the value of the threshold, 
e.g., if he would-as Helmholtz reports in one of his early childhood memories-mistake 
for dolls people walking along the high balcony of a church steeple. Thurstone (1944) found 
correlations of size-, shape-, and oolor-const.ancy with the classical differential th~eshold 
(established a fter the reaction time method) for size of circular areas-a. close eqwva.lent 
to our Galton bar experiment and the only pertinent classical psychophysical experiment in 
his battery of perception tests- to be -.06, -.04, and .03, respectively. Thresholds for 
magnitude can therefore by no stretoh of imagination be construed to be a. valid test for 
thing constancy. 

Furthermore, visual acuity proper, although undoubtedly highly instrumental in the 
utilization of "minimal cues" of distance, is likewise in itself in no way a direct measure of 
the confluxion and stabilization mechanisms involved in size constancy. An indication of a 
certain amount of correlation may be derived from the material presented in table 5 of the 
study by Holaday (1933). For the ten subjects used, the rank-order coefficient is .57. Owing 
to the small number of subjects, however, significance is not established (p is no better than 
.075). 

2. THE TEC!Th'1QUES OF St:CCESSIVE ACCUMULATION AND OF 

SUCCESSIVE OMISSI0::-1 OF FACTORS 

The size-constancy experiment can thus be considered a more representative 
type of experiment by virtue of the mere fact that it checks on stabiliz~tion, 
demonstrating at least the possibility, in certain cases, of distal focusmg of 
perception. But otherwise the schema given in figures 3 and 7 does not reveal 
departure from systematic design. There actually is such a departure, however, 
at least in the way in which such experiments have been conducted more 
recently. 

The topic itself has been known to, and discu...<>sed by, such classicists as 
Helmholtz (1866) and Hering (1879); and a real start on experimentation was 
made by Marti us as early as 1889, about the time research on the geometrical
optical illusions was established (for references to the history of the problem 
see footnote 10, above). But throughout the first two decades all but one or a 
few cues-usually the classical favorites in the family of perceptual distance 
criteria, binocular disparity and convergence-were experimentally eliminated 
or minimized by the use of such paraphernalia as screens, a darkroom, a chin 
rest, etc. 

It was not until David Katz's pioneer work on color constancy (1911) that 
fairly "normal" variations of situational circumstances (in this case of illumi
nation), with a fairly representative array of (distance- and) illuminatio~-cues 
were used, thus establishing the 1910's rather than the 1890's as the commg of 
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age of constancy research done in adquate manner. In this sense, modern 
experiments on thing constancy are deliberately "poorly controlled" with re
spect to cues, when viewed from the standpoint of the classical experimentalist. 

More abstractly, the major difference between the two techniques may be 
formulated as follows. I n the classica,! tradition, situational cues are gradually 
introduced, starting from one cue or factor which later-if not fully eliminated 
in an opposite alternative, reduction to zero-is enriched by the admittance 
of further faetors in a process of increasing complexity that may be called 
"successive accumulation." 14 In contrast to this, the modern touch is given by a 

TABLE 1 

(Logarithmically recomputed data from original protocols of Holaday, 1933; averages 
from ten subjects, caoh in two distance constellations, 1: 2 and 1: 4 m.) Illustration of the 
Technique of "Successive Omission" in the Analysis of the Effediveness of Distance Cues in 
Perceptual Size Constancy.-Binooular disparity seems fully dispensable (within the limits 
of stat istical significance of the results) a.s long a.s other cues are present. Breakdown of the 
constancy mechanism docs not occur unless the last remaining cue, relative motion, is 
removed by the prevention of head movements. Results from an additional subject, blind in 
one eye, show similar compensation. 

Cubes with most favorable, "normal" conditions of the 
experiment . . .... . ... . .. ... .. . .. . .... ... .......... . 

Cubes viewed through tubes restricting the visual field .... . 
Cubes barely discernible in natural twilight . . ... . ....... . 
Dim squares in darkroom, slight head movements .... .. . . . 
Dim squares in darkroom, head on chin rest . ............ . 

A verago clot: 
binocular monocular 

.88 

.81 

.78 

.75 

.67 

.88 

.79 

.74 

.52 

.15 

start from fully, or at least approximately, lifelike conditions, working down
ward in a process of decreasing complexity that may be called "successive 
omission" (in the sense of removal, or factual exclusion) of a cue or other con
dition. Instead of the term "successive" the adjective "fractional" may be 
more appropriate wherever accumulation, omission, or modification of several 
factors is effected at the same time by a certain change of conditions, as 
occurred in the study by Holaday as referred to below. 

One of the great advantages of the omission technique is that all the vast, 
and to a large extent unknown, reservoir of so-called "minimal cues" can be 
preserved or kept in the situation much more readily than with the accumula
tion technique, and the effectiveness of some of the major factors can be 
studied against this natural background. 

A special effort to demonstrate the omission technique for the constancies 
in general, and for the mechanism of depth perception in the establishment of 
size constancy in particular, was made by Holaday (1933). Some of his results, 
recomputed from the logarithms of the original data, have already been pre
sented above. Others, especially relevant for the present discussion of the 
omission technique, are added in table 1. They show the great importance, but 
also the dispensability in the presence of even just rudimentary other cues, 
of binocular disparity. 

" An outstanding example of this method was the "subtractive procedure" in the study 
of reaction time, established in the 1860's but later discarded for lack of consistency in the 
results (see Boring, 1929, p. 338; Woodworth, 1938, pp. 302-310). 
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It seems from these results, more clearly than may be possible from other 
types of sources, that the classical experimentalist used channeled mediation 
in hls experiments primarily because he tacitly a...~ed actual mediation to 
be likewise one-track, or one-cue. This may have given him the illusion of pro
ceeding in a representative manner. The intersubstitut.ability of cues in the 
over-all biological function of stabilized orientation shows the inadequacy of 
such a conception. 

VI. FoRCED REPRESENTATIVENESS OF &rrl!ULI I~ EXPERIME:-<TS ON SociAL 
PERCEPTION. EcoLOGICAL vs. PoPULATIOKAL GE':\"ERALITY 

The state just described-representativeness of "circumstances" (such as 
distance), systematic variation and co-variation of major experimental vari
ables-is about the limit of representativeness achieved in perception psychol
ogy as long as it proceeded under the power of its own academic tradition, and 
to a considerable extent against resistances coming from thls same source. To 
do better, research in the perception of physical objects had to borrow from 
an altogether different tradition born of the exigencies of a social psychology 
eager to do work of practical significance without having to wait for sanctioned 
academic methods to catch up with their problems. 

1. EXPERI:\IENTAL DESIGt>, TYPE D. EXAMPLE: SOCIAL PERCEPTION OF TRAITS 

FROM PHOTOGRAPHS 

The special problem fitting into our line of argument is that of the social 
perception of such covert distal variables aa intelligence and other personality 
characteristics in reduced-contact situations, involving especially the viewing 
of still photographs. It was developed in this country after the First World 
War, chiefly by applied psychologists who were interested primarily in per
sonnel problems and counseling and were comparatively untroubled by the 
esoteric methodological scruples of systematic laboratory psychology. 

The particular Experiment D (figs. 5 and 6) chosen as an illustration was 
conducted by the present writer (1945). It follows closely a pattern set by 
Cleeton and Knight (1924) but uses a more adequate sample of what may be 
called "social objects." Results as presented in the figures and discussed below 
are likewise quite similar in spite of the use of photographs instead of a live 
exposure of the social objects on a stag~which was the procedure of Cleeton 
and Knight. 

The situation peculiar to social perception as compared with simple "phys
ical" -object perception is that not only the subjects, but also the objects in 
the experimental setup, are persons. Although it may theoretically be possible 
to vary systematically a trait of the social objects, say intelligence (by arbi
trarily choosing an equal number of persons for each of a discontinuous series 
of equally spaced precise points along an IQ scale of arbitrary range), such 
a procedure would indeed be strange from a research point of view, to say the 
least. It would become utterly absurd if not only variation but also co-variation 
would have to be made formalistically systematic. To make the analogy with 
classical psychophysical experiments complete, other personality features or 
external characteristics, such as will power, or the height of the forehead, 
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would either have to be made to vary-e.g., by artificial selection of the social 
objects-in perfect correlation with IQ (tie with neighboring variables, or 
channeled mediation, respectively), or else have to be held constant at a pre
cise value. It is evident that such an experiment, if actually set up, would de
feat its very purpose on account of the unnaturalness of the personality 
patterns (including the external characteristics) as compared with those in 
actual social reality. In retrospect, it throws light upon the glaring inadequacy 
of attempting a functionalistic psychology on the basis of the designs of clas
sical experimentation. 

Statistical sampling of objects-social objects, to be sur~along with the 
traditional sampling of "judges" (the "subjects" in the narrower sense of the 
word) is thus forced upon the researcher in perception for the first time. In a 
simplified form, this is schematically described in the fourth (last) horizontal 
section of figure 7. Traits other than intelligence, I, are labeled T. These, as 
well as one group of external features, Bt, are assumed to vary and co-vary 
representatively. 

All correlations shown in figures 5 and 6!1le based on a number of social objects of N - 46, 
referring wall the members of a subunit of the Army Specialized Training Program prepar
ing for personnel work at the University of California. According w the best available evi
dence (including an intelligence test administered by the Department of Psychology at the 
University of California, see fig. 6) their IQ's are not as uniformly high as was sometimes 
claimed for such groups, but range from about 90 to about 140 in an approxllxlately normal 
distribution. 

The head portions of standardized frontal photographs of the 46 Army studenta were 
reproduced in random (alphabetical) order, with the ears as ne!llly touching each other as 
possible, in two rows with a combined total width of 18 inches, so that their features were 
fairly clearly discernible. 

The actual Experiment D further contained-as may be done to great ad
vantage-a number of systematic, in this case constant, features of the poten
tially "expressive" kind, such as remotely controlled identical posture and 
attitude ("standing at attention," whlch ordinarily is expected to control 
emotional expression as well), identical clothing, and, furthermore, identical 
conditions of photographing (distance, illumination). They are referred to in 
figure 7 by the symbol B, and by the bracket connecting with the sensory 
surface of the subjects. 

In this way the analysis was thrown back upon the more intrinsic features 
of the social objects, "putting in parentheses" such previously settled trivia 
as the size constancies, and excluding some of the more extrinsic socio-economic 
variables as possible determiners of the snap judgment-s required of the sub
jects. In a general sense these systematic features sufficiently characterize the 
study as an experiment rather than a. statistical survey; but even in this re
spect it retains the character of a modern rather than a. cla~ical experiment 
by the use of the technique of fractional omission rather than of fractional 
accumulation of the few systematic features, leaving the host of other variables 
representatively varied and co-varied. 

The vast potentialities inherent in an experiment conducted in thls fashlon 
are only to a small degree exploited in the results shown in the figures pre-



28 

Design of Psychological Experiments 

Social Objects (Distal Stimuli) 

"Ecological" 
Inter-Trait 

Relationships 

Intelligence 

Energy 
(Leadership) 

likability 

Good looks 

Responses of a Composite Subject 
in Various Attitudes 

Social 
Perceptual 

Validity Halo - Effects 
(Correctness) 

.28 

.39 

.68 

.62 

Fig. 5. (Data by Brunswik; preliminary report, 1945.) 
Experiment D. Social Perception from Photographa: Functional Validity and Hale Ejf8CU.

AJ1 numerical results shown in this and the next figure indicate correlation coefficients based 
on an N of 46 (see text), with thickness of connecting lines (five steps) made to reflect the 
degree of correlation. The four variables listed on the left-hand s1de and designated by 
capital letters I, E, L, and G with the subscript mare based on averages of the rat ings the 
soldier students- aU of them closely acquainted with one another-were asked to give of 
each other; these "mutual" ratings or "opined" traits are the next best thing to the unattain
able ideal of an "object ive" appraisa.l of their personalities (see subsection 3). The symbol 
for goodlookingness is thereby moved somewhat to the right to indicate the semiexternal 
character of this trait. Lower-case letters at the right of the figure refer to four attitudes, 
corresponding to the four traits listed on the left, according to which the photos were to be 
viewed by a group of 25 regular students in a course in experimental psychology who were 
ascertained to be unacquainted with the Army students. As were the mutual close acquaint
ance ratings mentioned above, the intuitive estimates by these 25 subjects were made on a 
7-point scale with special limitations minimizing the "generosity" factor and injecting an 
element of ranking into the procedure. Each of the resulting four response variables i, e, l, g 
which enter the correlation coefficients comprises a single "composite subject" (hence the 
subscript c) defined by the average ratings of all the 25 subjects for each of the 46 social 
objects separately, and in the attitude in question. Correlations with estimates of intelli
gence given in a "critical" attitude concentrating on IQ proper and thus labeled iq' appear 
next to those with i in small print and in parentheses. Correlations of both the..oe types of 
estimates with two intelligence tests as specified in figure 6 are even less encouraging than 
those shown here; they are slightly on the negative side. (Italidzed coefficients are based 
upon average ratings by a separate group of 30 subjects to whom the full-figure photographs 
rather than just the facia.! cutouts had been presented.) For coefficients based on individuals 
rather than the composite subject see subsection 2. Concerning reliability (agreement among 
mutual raters as well as among subjects) see subsection 3. 

sented. Whereas, in the classical experiment, interference with actual condi
tions is such as to make evaluation beyond a certain minimum of information 
impossible, representative material can be evaluated under steadily changing 
new aspects, including an isolation of variables by such computational, after
the-fact techniques as partial or multiple correlation. Little of this has been 
carried out for the present example, but the statistical study on size constancy 
to be reported in § VII/3 has ma.de inroa.ds in that direction. The simple 
correlation coefficients presented reveal or reiterate fundamental facts of three 
kinds : 

a) Ecological relationships of intelligence with some of the "mediating" 
external characteristics such as facial features and body build are surprisingly 

Social Objects 
Actual trail 
Intelligence 

(Three musurH} 

Mutual close 
oequointanr:t rotift9S 

Ohio Tu-t (administere-d 
by Psycho!. Otp.) 

Ecolooical 
trait-cue 

relationships 
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Responses of a Composite Subject 
External 

cues 
Impression

values 
of cues 

Estimated Estimated 
external il)telligence 
features and personality 

Appottnl Qo<>d l«<h 

HtiQht 
I(Stotur•) 

------~~~=-~~ Fig. 6. (Data by Brunswik; preliminary report, 1945.) 
Experiment D. Social Perception from Photographs: Problems of Mediating Ezternal CW~s.

See legend to fig. 5. Again, theN for all coefficients is 46. Reference to two intelligence tests 
given to the Army students is included in addition to the mutual intelligence ratings of the 
Army students, and their (unexpectedly low) intercorrelations are given. Primary concern 
is with the relationship of the real trait intelligence (i.e., its three mea.sures)1 as well as of 
various kinds of responses, to a few comparatively promising external physiognomic cues 
(see text). Some estimates of external physical characteristics by the subjects are included to 
show that halo effects extend even to the anticipation of actua.lly not presented data such 
as the height of a person whose face a.lone is shown (emotional macro- and micropsia). The 
composite subject for this lat ter type of estimates consists of only 20 out of the total group 
of25. 

low. They do not surpa..<s about .25 even for the physical features represented 
in figure 6, which were selected from a larger number investigated in our 
experiment as the ones most closely approaching significance (which would 
begin at about .3 for our sample of 46 social objects). Concerning the agree
ment of our coefficients with pertinent data in the literature on physiognomies 
see § VIII/1. 

b) In consequence, the functional validity of physiognomic trait impressions 
based upon the reduced and static stimulus basis of a photograph (or, as in 
the study by Cleeton and Knight, even upon a static stage presence) is ·gener
ally found to be rather low (fig. 5). I n this respect intelligence is worst off, 
with correlations of practically zero. Personality features, such as energy and 
likability, are in our material just reaching significance, with coefficients in 
the neighborhood of .35. All this is quite in agreement with data reported in 
the literature (see below,§ VII/1). 

c) Halo effects as defined by Thorndike (1920), i.e., correlations between 
responses given in various attitudes, are surprisingly high, between about .6 
and .85 (fig. 5).15 They seem hardly justified even in a statistical sense in view 
of the lesser or completely vanishing corresponding ecological intertrait rela
tionships among "neighboring" personality variables, at least for all combina
tions with intelligence where none of the coefficients surpasses .28. See also the 

u The specific data from which the correlation coefficients representing the halo effects 
in figure 5 are derived were obtained with a carefully "balanced' order in which all 24 pos
sible sequences of the four attitudes were used with at least one of the 25 subjects. 
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legend to figure 6. That halo effects may go so far as to include a person's name 
as a contributing variable to physiognomic impression is shown in such studies 
as that by Razran (1938). 

Further data and discussion of the responses of individual judges will be given subse
quently in this section. But first., the comprehensive scheme of the four model experimenta 
repeatedly referred to above, figure 7, will be inserted here. Rather than taking too seriously 
the explicit verbal superstructure which ia frequently overemphasized in the discussion of 
psychological "systems," the scheme represents an attempt to project the underlying 
ideology of the various schools onto the palpable level of experimental methodology. 

2. CONVENTIONAL TEST RELIABILITY AND TEST VALIDITY OF SOCIAL 

PERCEPTION" WITH REFERENCE TO THE JUDGES 

The variables entering the correlation coefficients u..~d in figures 5 and 6 to 
describe the results of the experiment in social perception a.re of a general type 
other than that used in the testing of individual differences among "subjects" 
when this term is limited to the individuals directly observed by the experi
menter rather than to those designated as social objects in the pre...~nt context. 

In fact, use of average, composite ratings in those coefficients has all but 
obliterated inter-subject differences; the entire investigation may as well have 
been done with one subject only. In table 2 this type of approach is compared 
with the conventional testing approach-previously referred to in this paper 
(in § II/ 4 and in the discussion of model experiments up to and including C)
in terms suitable for further application to problems of physical perception as 
attempted in the subsequent sections of this paper. 

In the testing of subject differences there is a sample of n individuals proper 
which is drawn from a population proper and tested for one trait which in turn 
is validated against another trait paired with the first in the individuals of 
the sample (row 2). This establishes what is commonly known as the "validity 
of a test." 

Any approach to test validity within our material on social perception requires restora
tion of interindividual variation ignored in the results presented in figures 5 and 6. One may, 
then, correlate the correctness of estimates of a particular social object (as the test situation) 
given in a certain attitude by the various judges with, say, their scholastic records. Instead 
of selecting one or another of the objecta, one may use a measure of over-all correctness for 
the total of social objects as a. composite score characterizing the social-perceptual achieve
ment of each individual judge as the initial variable. Such a measure is given, say, by corre
lation coefficients computed in the manner of those shown in figure 5 for the 46 ratings by 
each of the 25 judges separately rather than for their 40 composite ratings. Such a set of 25 
coefficients was actua.lly computed for the attitudes t~ward intelligence and likability, as 
well as for their cross relationship constituting one type of halo effect in each judge. Among 
the correlations of these three seta of correlation coefficients with one another as well as with 
an index of scholarship derived from a series of course grades for each judge, we cite only 
the numerically greatest among them as an example. It is obtained by combining rz.,.z as 
variable (1) and scholarship as (2) in an r12, found to be - .21. Since the n for this latt.er r 
is only 25, the coefficient is far below significance, and so the slight negative validity of 
intuiting likability £rom photographs as a test for scholarship, indicated by the obtained 
coefficient, may not be taken for granted. The fact that intuitive perception even of a com
plex nature is generally not very closely related t~ int-ellectual performance is not new; wit-
ness the material quoted in the preceding sections. 

If validation is against an "equivalent" form of the same test, or one "split half" of the test 
is correlated with the other, or when comparison is with a mere "retest" with the same 
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group of individuals, the resulting coefficient is said to represent the "reliability of a test" 
(row 1). The only instance in which our data on social perception come close to furnishing 
material on equivalent attitudes in the same group of subjects viewing tho photographs is in 
the case of i as compared with iq'. Proceeding on an individual basis in analogy to test 
validity, and using r1 .. 1 as (1) and rT.iq' as (1) , ru was found to be .54. This is significant 
even with our small n of 25, although by no means very satisfactory by customary standards. 

3. F~CTIONAL VALIDITY, HALO EFFECT, .Um OBSERVATIO~AL 
RELIABILITY 

The type of relationships studied in subsection 1 of the present section takes 
up the rest of table 2. They have in common that they are in terms of an 
ecological sample of N environmental situc.tions or stimulus objects (in our case, 
social objects), each constituting a separate test, task, or problem which is 
drawn from a universe or supply of such situations. In our special case, this 
universe still happens to be a population proper which, however, is not the 
same as that of the judges. Generally, such supplies are constitut-ed as part of 
the ecological universe of one individual, species, or culture. In our case, this is 
a composite judge, or any one of the individual judges; in our statistical survey 
of size constancy to be discussed in § VII/ 3, it will be actually only one judge. 

A first type of variable to start from is given by the responses, made by the 
one individual just mentioned maintaining a certain attitude, to each item in 
the sample of situat ions or objects (rows 3 to 6). Following the analogy con
sistently, this is a trait variable of the objects rather than of the subjects (for 
further explanation see below). 

While in test reliability and test validity it is likewise responses which furnish the starting 
point for correlation, these responses arp by each ltubject in a sample, to a certain fixed 
stimulus situation, and thus constituting a trait variable of the subjects. (Each single 
responso-say, an estimate of +3 by subject i given to object k- then pertains to that one 
subject and one object only and is thus a trait value of both of them at the same time.) 

We may start our discussion with what is perhaps the most familiar in this 
group of usages of the correlation coefficient: halo effects (row 5) . One type of 
response is here validated against a response given in another attitude. The 
coefficient thus indicates what may be labeled "attitudinal validity" (to be 
subsumed under functional validities in the wider sense of the term). The cor
relation coefficients along the right-hand margin of figure 5 all indicate this 
type of relationship. 

In case the response variable is validated not against another response but 
against an antecedent stimulus variable (distal or proximal) established within 
the same sample of situations, the term "functional (in the sense of observa
tional) validity" or "perceptual achievement"-or also "ecological validity 
of a response," cf. subsection 4-may be used (row 6). Thereby "achievement" 
has previously been defined as a "generic term" designating "the relationships 
better than chance existing between, and due to, an organism and variables 
in its physical environment" (Brunswik, 1943), in short, over-all statistical 
"correctness" rather than single hits or misses of judgment. 

Of special importance is the case in which validation is against the variable 
"intended" in perception, or, as we may also say, the "homonymous" variable, 
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i.e., the one bearing the same verbal or letter designation as the response (e.g., 
I vs. ~).Examples are found in the middle portion of figure 5. Validation may 
of course also be against a "heteronymous" stimulus variable, such as against 
external physical features as in the middle portion of figure 6. 

Whereas representative perceptual achievements in social trait perception 
are generally low, they are higher for emotions (see § VII/2) and especially 
for physical size constancy (see § VII/ 3). 

Moving from halo effect upward in table 2, we come to the di..."Cussion of a type of inter
response correlations which are of special importance in the establishment of the concept 
of "objectivity" of observation. There are two subvarieties, to be labeled "intra-individual 
observational (or functional) reliability" (row 4) and "inter-individual obaervational relia
bility"-also to be called "ecological reliability of a response," cf. subsection 4-(row 3). 
The former refers to the self-consistency of a judge, or to what may be called maintenance of 
attitude and/or response from one time element to another, in short, to the agreement of a 
judge with himself in repeatedly responding to a certain sample of situations. It is the kind 
of variability that also underlies the theory of errors of measurement or of psychophysical 
judgment referred to in § III/2. The latter subvariety of observational reliability does the 
same for agreement among two different judges; it is thus the only instance other than test 
reliability and test validity in which more than one subject is brought into the picture, and 
even so the scheme does not provide for more than a pair of subjects at a time rather than 
an entire sample of them. And, what is more, the procedure is not in itself diagnostically 
relevant with respect to the subjects doing the rating. 

The closest approximation to a measure of self-consistency of our composite judge avail
able in our material is given by correlating i, with iq~. Ail reported in figure 6, this coefficient 
is as high as .74, but still less than some of the halo effects shown in figure 5. Separate coeffi
cients of this kind for each of the 25 subjects have not been computed. 

Inter-individual agreement is even more important in the literature referring t<:~ ranking 
and rating than is intra-individual agreement. So far as our own data are concerned, it may 
suffice to give the values for the trait intelligence. Using an adaptation of the short-cut 
method described by Woodworth (1938, pp. 373 f.), the average agreement among all pos
sible intercombinations ij or the 25 subjects viewing the photographs in altitude i has been 
found to be .26. (To be sure, we are dealing here with the judges as a sample; but the value 
given is a composite r-to be distinguished from a single r derived from composite judg
ments-which may be reduced to a number of single r's combining the individual judgments 
given by two judges.) 

Considering for a moment the soldier students as raters of each other rather than as social 
objects, a similar average coefficient of inter-rater agreement may also be computed for 1 •. 
Wilh 41 of the 46 social objects participating, the average r was found to be .33. This is 
hardly more than the value obtained for the subjects, and certainly not enough to establish 
"objective measurement"; however, it probably still remains the best approximation to 
objectivity available to us without going too much out of our way. Tests are of course 
valuable, but interrelationships among the instruments as shown along the left-hand 
margin of figure 6 are as disheartening as is inter-rater agreement. T he low value of the 
latter in itself imposes a limitation upon inter-instrument agreement for two of the three 
combinations, those with I,... It may further be argued that the concept of objectivity should 
not be based on inter- or intrasubjective agreement exclusively, but also on what is some
times called "independence" or the approach (see Brunswik, 1952). Mutual close acquaint
ance ratings, regardless of their observational reliability, are certainly independent of the 
subjects' ratings both as far as the personal identity of the raters as well as, what is more, the 
overwhelming portion of the stimulus basis on which the ratings are made is concerned. In 
this latter respect, the st imulus basis available to the social objects is very considerably 
greater than that or the subjects. 

Intuitive ratings of personality variables based on long-range or otherwise close acquaint.
anceship are becoming increasingly important in the recent dynamic psychology of per-
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sonality, as shown in such recent p~blications a:' Frenkel-Brunswik (194~). Although the 
number of raters may for obvious reasons be qwte small, the problem of mter-rater agree
ment can nonetheless be approached even from a differential angle in addition to problems 
of intra-rater consistency. 

All four uses of the correlation coefficient discussed in this subsection may 
be said to deal with functional problems in the wider sense of the word, i.e., 
with various aspects of organisms functioning in the face of a variety of exter
nal situations. For all of them it may be said that in a certain way individuals 
and test situations have shifted places (see table 2). Yet this type of exchange 
has to be sharply distinguished from the "inverted" correlation technique 
recently introduced by Stephenson ("Correlating Persons Instead of Tests," 
1935; see also 1936). By accumulating tests for paired intercorrelation in such 
a way that their number, m, becomes comparable to the size of the sample of 
subjects, n, that is, by giving many tests to many individuals, factor analysts 
arrive at matrices constituted by columns representing persons and rows rep
resenting attributes (tests, traits, measures, features) of these persons. This 
holds true regardless of further evaluative manipulation of the dat.a. repre
sented in the matrix. In inverted correlation the persons are used as variables 
and the tests are the population (they are usually not really a sample in the 
usual sense, see § IX/1), with "types" as final result-instead of vice versa 
as in the customary type of factor techniques used by Spearman, Thurstone, 
Kelley or Retelling. Thus, inverted correlation is a. much less radical depar
ture fr~m the customary ways of psychological statistics than the application 
of correlation and sampling aspects to functional stimulus-response problems 
as suggested above. The latter is objeckentered rather than subject-centered 
in the sense that there are no "persons" in the plural at all (except in the role 
of distal stimuli; see especially also § VII/3), but only a sample of external 
situations responded to, on principle, by one subject. 

There is no difference in the type of material used by Stephenson and the other factor 
analysts. The only difference is that correlations aro calculated between columns, rather 
than between rows, of a common "persons X their features" matrix. If our own case were 
extended, as it should be (see below), to integrate more than two (say, M; see below, sub
section 4) features of a sample of situations at any one time, the matrix would ~ one of 
"situations X their features" (i.e., using, as we have already done, N for the stze of an 
eoological sample, an N X M matrix) rather than one of "persons X their features" (i.e., 
an n X m matrix). In tbe end, one may thus arrive at a factoring of perception in terms of 
situational dimensions. This would be a counterpart to the already well-developed customll.l'y 
type of factoring in terms of personal abilities as recently also extended to perception by 
Thurstone (1944, see above, §§IV /2 and V /1; see also Tbouless, 1938). But it would 
be diametrically opposite to the latter with respect to type of content since there would be 
not merely an exchange of rows for columns, as by Stephenson, but a substitution of an 
altogether different set of variables for tho..oe which enter into the rnstrices dealing with 
differential psychology, be it tbll.t these matrices are used for the customary kinds of factor 
analysis or for tho Stephenson technique. 

4. INTRA-ECOLOGICAL CORRELATIONS 

The difference between differential and functional approach disappears only 
when we proceed to further abstraction. Subjects and physical or social 
objects, as well as situations in general, are but aggregates or sets of condi-
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tions; the situations may be considered as momentary or as encompassing 
segments of time by including causes or effects of these conditions. Universes 
of such aggregates may be defined by fLxed or quasi-fixed criteria which may 
or may not include reference to a. responding subject. Variable features or 
traits of samples drawn from these universes may be recruited from among 
the conditions extant ·in these aggregates that are permitted to vary, or they 
may be newly provoked by exposing the aggregate to a probing instrument or 
test situation which thus becomes a fixed addition to the total set. 

If this instrument is a human subject, his responses, or, generally, effects to 
which he bas contributed in the context given, become features of the sample 
of situations involved. In this sense!,., the two tests of IQ listed in figure 6, 
as well as i and UJ.', are but five features of the social objects and thus, loosely 
speaking, five tests of the environment. For the last two of them, mediation 
is limited to special effects of the social objects upon photographic plates, and 
it is the probing subject which constitutes the quasi-constant test condition 
relative to the social objects. The number of impersonal or personal tests thus 
given to a sample of environmental situations may of course be extended 
much farther than has been done above; it may be designated by the letter M, 
in analogy to the letter m which is the customary designation for the number 
of tests given to a. sample of human beings. 

In conventional testing, on the other hand, a sample of subjects is used as 
aggregates of conditions, and probing is by a tester who has become impersonal 
by being the mere administrator of a more or less rigidly fixed test instrument 
approaching "measurement" as close as possible by possessing the highest 
obtainable observational reliability (in the sense defined in rows 3 and 4). 

A third group of uses of the correlation coefficient in addition to those in 
testing and in functional analyses emerges by depersonalizing, in the manner of 
measurement, both the varying situations and the probing instruments. A 
remnant of subject reference may be maintained by defining the universe from 
which the situations are drawn in terms of an organism the environment of 
which they constitute, thus rendering them "ecological" in the sense defined 
in § I/1. By relating one feature of the environment proper to another, we 
obtain coefficients designating what may be called "ecological validity of a 
stimulus" (row 8). 

An example of a purely intra-ecological analysis of physical-environmental 
variables, relating potential distal to potential proximal stimuli, is given in 
§ VIU/2, with reference t-o a current investigation of the objective validity 
of depth criteria. Although this analysis is novel in content, as is that of the 
functional validity of responses with respect to physical-environmental vari
ables, the objective, intra-ecological validity of physiognomic features, rele
vant for social perception and discussed in § VIII/ 1, has repeatedly been 
approached statistically within the last few decades. 

Correlating environmental features with themselves by comparing measures at two 
different time elements with one e.nother leads to what may be called "ecological reliability 
of a stimulus" (row 7). As long as we uphold the ideal of perfect observational reliability 
as defined above, the application of different measuring instruments to a common hypo-



38 

Design of Psychological Experiments 

tbetical variable such as "intelligence" may not properly fall under this classification. In 
the ideal sense, ecological reliability should refer only to the objective constancy of features 
which are univocally measurable at any moment. In this sense such features as the physical 
size of rigid bodies (as long as these do not grow or shrink appreciably) or the "albedo" of 
their surfaces (except as in, say, the chameleon or a blushing adolescent) are ecologically 
highly reliable nnd thus a challenge to organisms in need of Archimedic points (or Archi
medic variables, if one may say so) to support orientation in the environment; whereas 
retinal sizes, or the wind, are examples of changing, ecologically unreliable variables with 
usually lesser orientation value. 

5. SAMPLING-OF-SUBJECTS RELIABILITY AND SAM:PLL:\G-OF-OBJECTS APPLICA

BILITY. ECOLOGICAL VS. POPULATIOXAL SIG:N1FlCAXCE OF RE.SUlll'S 

Correlation coefficients are summary statements of results which are de
scriptive in the sense that they do not in themselves go beyond the actually 
observed evidence. Yet by being summaries they contain, at least implicitly, 
the claim to generality. The degree to which this claim is justified is usually 
indicated by an added reference to the standard error (SE), so that we may 
anticipate the reasonable limits within which coefficients from othersamples 
may be expected t<l lie. 

Since, in the preceding pages, sampling was not only considered for sub
jects but also for objects, it is clear that the statistical significance of a result 
may be investigated in both these directions. In particular, we may ask our
selves not only the customary question: Which social perceptual achievement 
(or halo effect) may we reasonably anticipate when presenting the same set of 
photographs to a new group of judges?-a question which refers to what may 
be called "populationa-l" generality of the result; but we may also ask the addi
tional question: Which achievement may the same judges (in the same atti
tude and assuming that there is no practice effect) be expected to display 
when judging the photographs of a new group of social objects? With respect 
t<l this latter query it was suggested (Brunswik, 1944) that we should speak of 
the question of the "ecological" or "situational" generality of the results. 
Ecological generality or significance is actually based on a kind of sampling
of-objects reliability, and may be derived from what may be designated as 
SE ... 1, in contradistinction to the conventional standard error which may be 
specified as SEpo•· Ecological generality may also be chara{:terized as "sam
pling applicability," with special consideration of applied psychologists who 
justly complain about the nonapplicability of the results of most classical 
experimentation to their problems. 

Let us give only one concrete example of the two types of significance. The halo effect 
between i and t for our composite subject was found to be .62 (see fig. S). With an ecological 
N of 46 and therefore with an SE.co~ of .09 for this coefficient, the exist~nce of a halo effect 
appears ecologically significant, with the comp06ite subject held constant. On the other hand, 
the mean of the individual correlations between i and t for the populational n of 25 subjects 
who make up the composite subject is .57 (somewhat lower than tho group correlation; see 
§ VII/1), and the SE..,. of this mean was found to be .04. Populat ional significance, with 
the sample of objects held constant, is therefore likewise ascer tained although at a different 
level than is ecological significance; this is achieved by treating the correlation coefficients, 
characterizing the halo effect displayed by tho various subjects, as individual scores. By 
further adjustment of the technical concepts involved it may also be possible to apply the 
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two types of SE and the subsequent criteria of significance to the same measure, rather than 
once to a coefficient based on mean ratings and once to a mean coefficient based on individual 
ratings as was the case here."" 

Ecological generality of experimental or statistical results may thus be 
established along with populational generality. In fact, proper sampling of 
situations and problems may in the end be more important than proper 
sampling of subjects, considering the fact that individuals are probably on the 
whole much more alike than are situations among one another. · 

In a broader sense of the term, all considerations of validity imply variation 
of the ecological scene and thus have to do with ecological generality. Both 
sampling-of-objects problems as well as those of validity may therefore be 
included under the term "applicability" in a broader sense, just as the term 
"reliability" customarily extends to both test reliability as well as sampling
of-subjects reliability, aside from the further uses listed in table 2. But whereas 
test validity only permits prediction of the probable position of a testee rela
tive to other testees on a new test, ecological sampling applicability permits 
prediction of his probable position on a new test as described in terms of an 
absolute score. 

VII. CONVERGENCE OF EXPERIMENT AND STATISTICS IN THE METHODOLOGY 

OF A PROBABILISTIC FuNCTIONALISM 

1. TRADITIOXAL DOUBLE STA..'IDARDS FOR TBE SAMPLL.'iG OF 

SUBJECTS AND OF STIMULUS ODJECTS 

The equality of the status of subjects and objects with respect to represent
ative sampling just postulated may seem trivial. It must appear reasonable 
after having been explicitly suggested. Yet, since science is not only a matter 
of form and explicit logic, but also a matter of specific content and of implicit 
habit, historical progress in this direction has been slow. The very use of the 
terms "individual" or "population" in the manner indicated in the head 
portion of table 2 seems to create a frame of mind concretizing the channels of 
investigation and discussion in the direction of problems of individual differ
ences among subjects. 

T he present writer bas in himself experienced the required shift of emphasis as very slow 
going and hard to maintain, especially so far as consistent concrete application is concerned. 
The difficulties he encountered in explaining his point, after he had succeeded in at least 
establishing a bridgehead for himself in abstract terms and in a few concrete examples, have 
given him the impression of resistances approaching in intensity those encountered in the 
opening up of emotionally highly loaded topics, such as those dealt with in psychoanalysis. 
Indeed, the deliberate abandonment o£ "systematic" policies, especially where such policies 
are technically feasible, in favor of statistical practices which by comparison seem slovenly, 
must on the surface seem to violate one of the most fundamental taboos developed in the 
t.raditional ideology of the "exact" sciences. 

, .. As has been suggested by Profes..."'r Jarrett while reading the proof, the two types of 
measures might be merged into a single test of significance. Although there can be no doubt 
of the interwovenness of the two aspects, it should, however, be emphasized that the eco
logical component&-coupled with scrutiny of the adequacy of representation, in the research 
design, of ecological dimensions along with the populational ones-must rem.a.in one of tho 
primary concerns o£ the investigator. 
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Even those among the researchers who are rela.tively unburdened by established intra
mural routines and to whom we are indebted for first tackling the problems of social per
ception on an inductive basis have not always felt the need, in their research practices, of 
paying to the sampling of social objects an attention equal to the attention they would, as a 
matter of course, pay to the sampling of judges. In the typical case, they have a pitifully 
small ecological N to go with a populational n of adequate size. In keeping with our Experi
ment D discussed above, we shall refer primarily to studies endeavoring to expose the low 
validity of snap judgments of intelligence. 

Thus Pintner's study (1918)-one of the earliest and most nalvely executed in the field
uses only 12 social objects, ranging unrepresentatively from extreme brightness to feeble
mindedness a.nd from 4 to 16 years of age, with conditions of photography far from standard; 
all these are features hardly in keeping with his adequate array of 63 judges. Gaskill, Fenton. 
and Porter (1927) limit age to 11-12 years but have likewise only 12 social objects with 
IQ's ranging from 18 to 171, as contrasted with judges numbering 274. Estes (as la.te as 1938), 
in an otherwise broadly conceived, sophisticated study of personality patterns, uses films of 
only 15 male students, viewed by a total of 323 judges. Viteles and Smith (1932) present 
photographs of 10 professional men, 5 of them successful and 5 of them unsuccessful, to large 
groups of personnel experts as well as of untrained students attempting to estimate success
fulness. And, more drastically than in any of the other cases, Laird (1925) refers to a news
paper report according to which a "crowd" tried (unsuccessfully) to tell a railroad president 
from a feeble-minded criminal seated on a stage-2 social objects in all-as proof of the 
general futility of judging intelligence and personality from external ap~arance. In reports 
on his own additional efforts he refers to one or two samples each of 5 a.nd 10 photographs, 
the la.tter having been given to some 4.00 judges. 

It is clear that sampling-of-object-reliability, i.e., sampling-applicability in the above
defined sense, of correla.tion coefficients or other measures of correspondence based on such 
small samples of objects is extremely limited. On the other band, the largeness of the samples 
of judges is at least in part wasted by the averaging of their ratings. This holds in spite of 
the fact that, as pointed out by Hollingworth (1916, pp. 4.1 ff.; 1922, pp. 34--43), higher 
coefficients are obtained from group averages establishing a single composite subject than 
by averaging the correlations from the same judges treated as individuals. Although Holling
worth reports that the average of the coefficients of correctness of 10 subjects judging intelli
gence from photographs of 20 persons is only .19- thcir range being from - .27 to +.51-
he finds that two "group judges" combining the verdicts of 25 men and of 25 women before 
correlations are computed average as high as .51, a figure otherwise unheard of in the study 
of social perception of intelligence from photographs. However, a.s reported by Hollingworth 
himself, the validities of judgments of intelligence found by Pintner (see above) a.nd by 
Anderson (see below) are raised to a mere .16 a.nd .27, respectively, by first combining the 
judgment.s. Furthermore, our own coefficients reported in figure 5-which are based on a 
sample of 46 photographs as contrasted with Hollingworth's inadequate number of 20 
and are likewise computed from group avcrage~yield coefficients of only between zero 
a.nd .1. This latter finding is quite in line with Cleeton 110d Knight's (see below) average 
correlation coefficient of .02 for estimates of "intellectual capacity" (paralleled, to be sure, 
by .32 for estimates of "soundness of judgment"). 

A major exception to tho customary neglect of proper social-object sampling is a study by 
Anderson (1921) in which 12 judges were to estimate from printed photos the intelligence of 
69 employees of a business firm. Even Cleeton and Knight (1924) have only three separate 
groups of lO subjects each (two of women and one of men), to t.hoir 70 judges rating them 
on eight traits ranging from intelligence to impulsiveness. 

Countless other examples from the field of social psychology, and especially from other 
fields, could be given for the inequitable neglect of stimulus sampling a.s contrasted to sub
ject (responder) sampling. 
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2. CORRELATION AND FACTORIAL DESIGN IN SYSTEMATIC 

STIMULUs-RESPONSE A.."(ALYSIS 

So far as academic psychology proper is concerned, two steps may be dis
tinguished in the gradual transition from systematic multidimensional psycho
physics to a fully representative stimulus-response psychology. They will be 
discussed in this and the next subsection. 

Among the concepts borrowed from traditional statistics to describe 
stimulus-response relationships the correlation coefficient is the most out
standing. Since experiments on the social perception of traits are, in certain 
respects at least, almost inherently representative, the correlation coefficient 
has from the very beginning been commonly used in describing their results. 
Yet, characteristically, in the somewhat more academic tradition of the social 
perception of emotions by means of their "expressions" (see fig. 7) the estab
lishment of the correlation coefficient as a measure of correctness of judgment 
is relatively new. 

One lone instance of such a coefficient is given in Woodworth (1938, pp. 250 f.). It refers 
to a rather artificial situation of guessing of emotion from photographed poses of an actor, 
based on a study by Feleky. It is interesting to note that for such temporary stat~ of mind 
social perceptual va.lidity may reach the extremely high value of .92, in sharp contrast with 
the very modest achievements with respect to the permanent traits discussed above; in part, 
the high value obtained may well be due to a factor of conventionality in the po.."'S, and to 
the admittedly crude arrangement of the varioUB kinds of emotion under investigation along 
a single dimension. 

In the field of the perceptual constancies proper, the correlation coefficient 
was first used as a measure of correctness by the present writer (1940). It must 
be realized, however, that such an approach was statistical no more than in a 
superficial, descriptive sense. The more representative survey (Brunswik, 
1944) referred to in subsection 3 was thus undertaken. 

Another, more general device which has become prominent in establishing 
statistical thought in experimentation proper is "factorial design" in combina
tion with analysis of variance.16 It has given new impetus to the designing of 
experiments in psychology which are multidimensional and thus capable of 
probing interaction within a. dynamic context; over and above this important 
step toward functionalism, however, they may well remain, and have so far 
largely remained, systematic, formalistic (in the sense of these terms as used 
in the present paper), at least as far as the variation and co-variation of the 
more easily controlled among the ecological variables is concerned. 

In animal psychology a first experimental approach of this kind has been undertaken with 
string pulling in rats (Crutchfield, 1938, 1939; Crutchfield and Tolman, 1940). Five variables 
-all ecological-were used: force of pull (in training as wcU as in the crucial trial), length 
of string, training period, and time since feeding (the latter 118 a remote control on the 
motivational variable "hunger"). All possible combinations of three "levels of strength" 
chosen by the experimenter for each variable yielded 243 different conditions, each of them 
represented by a single rat. (This singleness is of course not to be confused with the single 
subject used in the present writer's statistical survey of size constancy, 1944; see below). 

"Fisher (1925, 1935); summarized for psychologists by Garrett and Zubin (1943), with 
comments by Grant (1944). For tra.nslation of the terminology from the original field of 
agriculture to psychology see Baxter (1941). See also Lindquist (1940). 
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The systematic character of the general design of this experiment may best 
be visualized by a five-dimensional checkerboard, of the pattern 3 X 3 X 3 X 
3 X 3. Since the arrangment leads to an even distribution of values throughout 
all the cells of the scheme, intercorrelations among the five independent vari
ables have arbitrarily been made to disappear so that the variables are arti
ficially untied from one another in the sense defined in § II/3. One may 
compare this with the design presented in the right-hand part of figure 4, in 
which the somewhat different technique of interlocked co-variation has led to 
an almost complete disappearance of ecological correlation, likewise without 
resorting to the holding constant of one or the other of the variables involved. 
Although the question of the representativeness of the three levels of strength 
of each factor was in the present example handled with no more than the 
customary casual implicitness, the lesser degree of artificiality inherent in 
factorial design as such is explicitly emphasized by the authors mentioned 
(1940). This is of course fully justified since multidimensionality as such con
stitutes an important step in the direction of representativeness. 

An informally evaluated 3 X 3 X 3 X 7 design involving systematic variation of the 
(socio-)ecological variables forehead, eye diatance, height of mouth, and height and position 
of nose (with a preliminary attempt to a.scertain some degree of representativeness in the 
drawings) wn.s Ulied in an effort to study the physiognomic impressions elicited by schema
tized drawings of faces (Brunswik and Reiter, 1937, advance report in Bruoswik, 1934; a 
reproduction of some of the drawings from the advance report may be found in Allport, 
1937, p. 483). The use of three or more levels of strength for each variable permits a.scer
tainment of curvilinear trends and is therefore indicated wherever such trends are suspected. 
The over-all averages of the responses of 10 subjects, esch of whom did about twenty hours 
of e. complex procedure of ranking the 189 drawings in seven physiognomic attitudes, show 
a general curvilinear tendency in the graphs, pointing t.oward a preference for the "golden 
mean" (middle value) for all features High forehead is likewise favorable throughout, wheren.s 
high mouth, short nose, and in certain respects aL"' eyes "';de apart arc ambivalent in the 
sense of giving the impression of happiness and youth, but also of lack of energy and intelli
gence. 

An attempt to check upon the results of Brunswik and Reiter was made by Samuels (1939), 
using 247 (instead of the originallO) subjects. They were, in turn, given to view only those 
len of the schematic faces which had been found most extreme in expressiveness by the 
original investigators. Within these ecological limitations, the populational generality of the 
results of the original study by Brunswik and Reiter wn.s clearly substantiated. 

Samuels' approach, in a further experiment reported in the same article, to what is here 
called ecological applicability, however, hn.s all the earmarks of the widespread unawareness, 
referred to above, with respect to the formal similarity of this problem to that of subject 
sampling. For each of the ten schematic faces considered, a "resl" representative-only 
one-was reproduced from an album of photographs of Harvard alumni after the propor
tions of the variables involved had been established as identical ~;th those of the schema to 
be duplicated in this more lifelike fashion. (Thereby ono of the two n.spect.s of the fourth . 
variable wn.s left out of consideration. It is the position of the upper end of the nose which 
varies conaiderably in appearance but hardly at all in ~rms of the accepted anthropo
metric measure, i.e., the position of the "nn.sion"-the juncture of the nasal with the frontal 
bones-relative to the eyes.) An inspection of reproductions, given in the article, of two of the 
photographs thus chosen reveals the extremely incidental nature of all the remaining 
features, such n.s color of hair, lines in the face, and even clothing. For a real check, either a 
large sample of faces for each of the len drawings, averaging out incidentals, or eLse one or a 
few faces for each of the 189 drawings, would have been required. 

Another experiment by Brunswik (1939c) with scheme.tized full figures has been modified 
in a study by Wallace (1941) employing a partly systematic technique of enlargemen~, 
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reduction, and distortion of photographs of actual persona so as to increase ecological 
applicability of the results. A guarded statement--caution being dictated by the small 
number of original social objects rather than on general methodological grounds-concerning 
the appreciable but relatively small contribution of height or weight to apparent intelligence 
and personality was thus made possible in the face of objectiona raised in § IX/3 against 
generalizations, in fully systematic experiments, regarding the relative strength of ecological 
factors. 

In a vein complementary to that of the present paper, Shen (1942) deplores the "assign
ment of individual differences to the role of control rather than independent variables" in 
psychological experimentation. He discusses a factorial design combining 2 methods of 
practicing handwriting (an ecological dimension) with 5 age levels (a populational dimen
sion), wilh the primary purpose of studying "interaction" between age and method of prac
tice suggested by a previously established significant regression of the difference between 
the two methods upon the age of the subjects. Again, this experiment remains systematic in 
th.e sense that the two methods-free practice and training-are arbitrarily selected from the 
reservoir of possible training methods (see § IX/1). The remarkable reversal from an 
original emphasis on an ecological to a derived emphasis on an individual-diJierences content 
as proposed by Shen once more illustrates the primarily systematic, functional-experimental 
and only secondarily differential-statistical affinities of the method of factorial design in 
psychology. 

3. DELIBERATE ECOWGICAL (STIMULUS) REPRESE.'IfTATIVENESS I:\" A 

STATISTICAL SURVEY OF PERCEPTUAL SIZE CONSTANCY 

From the standpoint of the classical experimentalist interested in the estab
lishment of universally valid general "laws" rather than just imperfect corre
lations, the statistical approach must seem fundamentally inferior to the 
experimental. Statistics may seem acceptable as a necessary evil, or a tempo
rary expedient, wherever one thinks he cannot do better, to be replaced by a 
systematic policy wherever and as soon as possible. From such a point of view, 
the experiment in social perception discussed in the preceding chapter must 
appear doubly deplornble since both stimuli and responding organisms had 
to be handled statistically. 

From the utilitarian-functionalistic point of view espoused by the present 
writer, the statistical touch is an asset throughout. What remains to be done 
is to see as a virtue whnt was considered the calamity of imperfect control. 
This can be done by explicitly sanctioning, and especially by actually putting 
to work, a fusion of the fresh start in methodology effected by Anglo-American 
statistical applied and social psychology and reflected in the studies on social 
perception, with the content specific to the academic tradition of European 
experimental psychology (including its continuation in America), reflected in 
its most complex and up-to-date aspects by such a problem as that of the 
perceptual constancies. 

An experimental-statistical hybrid study of this kind was undertaken by the 
present writer (1944) primarily as a methodological demonstration but also 
with an eye to ascertaining the ecological generality of certain basic principles 
stated previously in the field of the perceptual constancies or of perception in 
general. It is a study of systematically controllable overt distal physical per
ception, done deliberately after the fashion of not systematically controlled 
covert distal social perception. 
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Figure 8 presents a sca.ttergram of the ecological variation and co-variation 
of the two independent variables primarily scrutinized, Band P. They are the 
same as those "confronted" with each other in Experiment Con size constancy. 
This time, however, they were not systematically varied in accordance with a 
preconceived plan of an experimenter, but randomly sampled from the normal 
environment of a university student, stopped in her daily routine by an 

.lO £1 $<1) l:J .!® ~ ~~~ (ZjC,.) .B 

Bodily Size (Object Size; millimetersj 

Fig. 8. (From Brun.swik, 1944, fig. 2, with coefficients added _from table 5.) 

Scattergram of Ecclogical Interrelations of Object Size, Retinal Size, and Distance.-The 
large solid and outline circles, squares, and triangles describe the stimulus situations in 
terms of B, P, and D. The arrows issuing from these symbols connect with points based on 
the corresponding subjective estimates b and p whereby the homonymous axes are used as 
coordinates, thus proceeding to a representation of the responses of our subject, and indicat
ing direction and magnitude of errors made in two attitudes with respect to two stimulus 
variables. (Regarding problems of consistency with the third response, d, see the original 
monograph.) 

"experiment~r" who was in reality no more than a passive actuary or "re
corder" of the objective situation. The subject then had to write down her 
estimates of the extension which happened to be most prominently attended 
to by her as "figure" in her visual field of the moment, as well as of other 
element-s of the situation, shifting from one of five attitudes to another. The 
attitudes were o and p1 b' and p' (see§§ IV and V)1 and one requiring simple 
distance judgments, d. The extensions in question, as well as their positions 
and distances from the subject, were afterward measured, computed, or other
wise objectively ascertained by the recorder. 

Of the total sample of 174 situations, all the 93 with figural extensions 
perpendicular to the line of regard were then selected for further analysis, 
thus eliminating problems of distortion of form and its correction in perceptual 
shape constancy. When plotted logarithmically, for reasons explained above 
in connection with Experiment C as well as in the original monograph (1944, 
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pp. 6 and 8), bodily sizes B actually fall in a normal distribution (as may be 
gathered from fig. 8, but as is more clearly shown in fig. 1 of the original 
monograph). They range over as much as about five powers of 10, a range 
quite unheard of in the study of individual differences. This fact is noteworthy 
in view of the high correlations obtained for perceptual size constancy (see 
below). 
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Fig. 9. (From Brunswik, 1944, fig. 3, with coefficients added from table 5.) 

Stimu.lm-Rupome Correlatiom Representi119 Perceptual S ize Constancy in One Subject.
Another interccmbination of the dat.a swnmarized in figure 8 by the large symbols and the 
arrowheads to allow m.ore convenient i.n..opection o.f perceptual achievement in terms ~f 
correlation rather than m terms of error. The ecolog~cal vanables B and Pare plotted hori
zontally dependent response variables b and p vertically in a fourfold arrangement. The 
more fu~damental "homoeymous" combinations Bb and Pp appear in the upper left and 
lower right. Correlation coefficie.nts for the total samples ~f 93 as well 1!8 for the 59 si~tions 
with sizes over 10 em (the latter msmall numerals on the r1ght) are agam based on logarithms 
and presented in a manner analogous to figure 8. Partial coefficients are in small italics; left 
subscripts preceded by a period mark indicate the variable partialed out. 

There is a tendency toward curvilinea.rity in tho relationship between B 
and P as plotted; this is obviously due to the limit of near vision at about 
ten inches, witness the fact that this trend is lost when small objects (under 
10 em) are excluded. For the sample of 59 objects or situations thus left, the 
ecological correlation between the logarithms of the measured bodily ext-en
sions and their retinal projections, designated in figure 8 as r~~. is only .14 
instead of .70 as in the full sample of 93, the (part.)causal relationship existing 
between B and P notwithstanding. (Coefficients from the numerical values of 
the variables involved were not computed.) 
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The discrepancy between statistical and causal dependency is in the present 
case readily dissolved by e:\'tending the scope of consideration to a third 
variable, distance, D. Together with Bas a further part-cause of P, D strictly 
determines retinal size in accordance ·with the "laws" of geometrical optics. 
Following the more macroscopic, or "molar," branches of functional ·PSY· 
chology, we are interested in the correct intuitive extrapolation of bodily size 
regardless of changes in distance. The variable D, per se, has therefore no 
place in such appraisals of size constancy as that derived below from figure 9, 
at least not so long as the achievement aspect is not superseded by an int-erest 
in particulars of functional mediation. The entire slant of studies of this kind 
is thus inherently correlation-statistical in the narrower sense of the word; or 
at least it becomes so as soon as an adequate, statistically representative ap
proach is chosen. A schema of the entire problem pattern involved is given 
below in figure 10, in a manner analogous to figure 7; the relationship of the 
strict law, involving three ecological·variables, to the imperfect ecological cor
relations involving two variables which may be raised to perfect correlations 
by partialing out the third variable, 17 is also shown. 

Results in terms of the subject's responses-note again that only one subject 
is needed for this type of correlation analysis-are most readily revealed by 
the scattergrams and correlation coefficients shown in figure 9. Distal focusing, 
that is, a high degree of perceptual size constancy established by the organism, 
is indicated by the nearly perfect functional validity of b with respect to B as 
represented in the upper left scattergram. The logo.ritbmically comput.ed 
coefficient is about .99 for the total sample of 93 situations (.98 when P is 
partialed out), and .95 for the larger objects alone. There can be little doubt 
about the ecological statistical significance of these results. 

More precisely, the first value is .969 uncorrected; and it is .988 when corrected for group
ing the logarithms in intervals of .5 as indicated by the cells in figure 8, as are all other 
coefficients shown in figures 8 to 10 (Brunswik, 1944, p. 21). 

Computed directly from the logarithms without grouping, and using three significant 
places of these logarithms, ~be correlation between Band b is .987. The corresponding value 
for B X b' is .994; and for b X b' we obtain .992. High as this latter correlation is, in line 
with the generally high correlations just cited, it nonetheless reveals o.n amount of independ
ent variability of the nalv~ and the critical-realistic attitudes which, though extremely 
limited, is about the same as is possessed by judgments given in these attitudes when com
pared with the measured distal variable, B. This fact, in connection with the discussion by 
the present writer (1944, pp. 14 f.) may be held against objections raised to the at least 
partially genuine perceptual (rather than intellectual or memory) character of the per
formance of our subject. 

Tho correlation of b with b' at the same time supplies the closest approximation in the 
data of our subject to the problem of intra-individual observational rQ!iability of the size 
constancy ex"Jleriment, although i t must not be forgotten that there is an important differ
ence between the two attitudes which obliterates their equivalence, at luast to a cer tain 
extent. 

" It is in a vein analogous to the one just outlined that the present writer (1943) has 
questioned the value of the "nomothetic" search for strict Jaws in psychology proper. He is 
a.ctua!Jy far from being a skeptic concerning the "existence" of gener&ily valid Jaws, in 
psychology or otherwise, as be was misunderstood l.Q be by Hull (1943a, p. 273). In a third 
paper~. completing a "Symposium on Psychology and Scientific Method," Lewin (1943) 
JOins null in espousing the nomothetic bias regardless of all the diiJerences existing in other 
respects between these two outstanding theorists of psychology. See also Brunswik (1952). 
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In order to neglect as little as possible the aspect of populational generality of the results, 
the recorder was instructed to make, independently, estimates aimilar to those of the subject, 
and from the same position, before measuring the relevant features of the situation in ques
tion. Ample evidence is given in the present writer's monograph (1944) of the similarity of 
the results obtained from the two persons. Correlations computed from the original, un
grouped logarithmic data. in addition to the evidence already publialled reveal agreements 
(inter-individual observational reliabilities) of .976 forb, and of .987 forb' between subject 
and recorder for the total sample of situations. (To compare with the functional validities 
and intra-individual reliabilities reported above for the main subject, the recorder's value 
for B X b is .993, for B X b' it is .989, and for b X b' it is .993.) 

From beginners clinging to the concrete application of statistics to problems of individual 
differences as almost exclusively emphasized in classroom and text one is apt to hear
sometimes with a "know-better" air of supremacy-that correlations as high as those 
reported above "do not exist" in psychology. Granted that this is by and large correct for 
differential psychology, such high coefficients seem entirely possible in the present stimulus
response statistics. This holds especially when variability is as enormous as here, the ratio 
of the smallest to the largest extension being of the order of magnitude of 1 to 100,000 (see 
above). In consequence, even large errors of estimation may be absorbed into a correlation 
yielding au over-all coefficient o{ close to 1. Actually, the maximal errors occasionally com
mitted by the subject with respect toBin the corresponding attitude band thus incorporated 
in our highest coefficients are in the neighborhood of .5 logarithmic units, i.e., about 1 : 3 
or even 1 : 4, or 200 to 300 per cent if expressed in terms of the estimate (see the horizontal 
components of some of the arrows in figure 8, extending over as much as one cell interval). 
These are errors everyone will &dmi t to be rarely surpassed in daily life except for rather 
freakish instances which could like1vise be ab..."'rbed if related to a large total of observations 
of which they are extreme cases. An even better illustration than figure 8 is the upper 
left-band seattergram in figure 9 where the deviations from the diago~nsiderable if 
translated into numerical tenns-will be found compatible with the extremely clear-cut 
over-all trend of the entire distribution. Small differences in coefficients may then become 
important; hence .some of the high correlations .were given here to three decimals. 

The astonishing degree of perfection of the particular stabilization mecha
nism constituting perceptual size constancy has thus been demonstrated in 
its ecological generality with respect to the universe of situations from which 
our sample was drawn. The comparative inefficiency of performance in terms 
of photographic (retinal) relationships, even when a conscious effort in that 
direction is made-likewise anticipated in results like those described in § V /!
becomes obvious from an inspection of the two right-hand scattergrams in 
figure 9. Errors with respect toP run as high as 1:10 in the painter's attitude, 
p (see also the vertical components in fig. 8), and coefficients are lowered 
accordingly to between .85 and .57. 

The point of discussion which actually supplied the impetus for the statis
tical survey of size constancy here discussed was the question of the ecological 
generality of the principia of perceptual compromise, referring to the slight 
underestimation of distant objects. This principle wns mentioned above 
(§ V /1) in discussion of the size-constancy experiment. The question may be 
approached by an analysis of the errors as indicated by the direction and mag
nitude of the horizontal components of the small arrows issuing from each of 
the 93 large situation symbols in figure 8. AJ> was shown quantitatively in the 
original monograph (Bruns,vik, 1944), the arrows starting from objects close 
to the subject-objects which thus ha.ve relatively large retinal projections-
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indicate significantly more often an overestimation (or comparatively little 
underestimation) of bodily size than do those issuing from objects at large dis
tances. The ecological applicability, in the sense defined in § VI/5, of the prin
ciple of perceptual compronUse has thus been adequately demonstrated, as 
could never be done by a purely systematic experiment. '!'his has been done 
at least for one-or rather two-certainly not atypica.l. subjects. (For other, 
more traditional problems of perception likewise borne upon by the present 
study see below, § IX/ 2). 

How practicable the general type of representative rather than systematic 
approach just outlined may prove to be, we leave open. The study here re
ported has certainly consumed an a.l.most inordinate amount of working time, 
but the technique could probably be considerably simplified and standardiz-ed 
to a few representative situations. It must be added that representativeness of 
research design (representative variation and especially representative co
variation) is most urgently called for-and will in tum prove most rewarding 
from a research point of view-in the successfully established stabilization 
mechanisms such as the thing constancies with their inherent ecological gener
ality yet variable and multiple mediation (variable retinal image for const ant 
bodily size combined with distance cues which in themselves are vicariously 
intersubstitutable, see § VIII), rather than in the relatively poor stimulus
response relationships found in the illusions or in social trait perception. 

II such a program were carried out on a variety of functional topics, a. sub
ject (or patient) would then be described in his relationships to the world by a 
set of correlation coefficients (or other measures achieving the same end). 
That is t o say, he would be psychologically characterized "in terms of objects" 
(ecological variables) he is capable of attaining (Brunswik, 1934, 1937) rather 
than just in terms of his responses, or in terms of relatively short-range 
achievements under specific conditions as in the classical experiment and test. 
His psychological portrait would thus emerge in terms of the stabilized, 
generalized object relationships established and maintained by him cognit ively 
or in overt behavior, up to and including such wide-spanning covert distal 
adjustment features as, say, "social perceptual alertness and differentiation" 
vs. "social blindness," as may be approached through experiments of type D. 
From the coefficients describing the...c,e relationships one would, of course, not 
be able to predict correctness of orientation in the environment with certainty 
for any particular instance. But they definitely would give an over-all relative 
frequency ("probability") of adequate contact with vitally relevant variables, 
which may be a much more relevant type of information than certainty with 
respect to relatively insignificant instances or details. 

VIII. EcoLOGICAL V ALIDrTY oF P OTENTIAL CuEs A..>-;D THEm 

UTILIZATION IN PERCEPTION 

Any fairly consistent rapport, be it intuitively perceptua.l. or explicitly ra
tional, with distal layers of the environment presupposes the existence of 
proximal sensory cues of some degree of ecological validity to serve as media
tors of the relationship. 
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1. ECOLOGICAL ANALYSIS OF PHYSIOGNO~OC CUES 

Characteristically, attention to the ecological validity of perceptual cues 
was, until very recently, almost exclusively limited to the field of physiog
nomies, where the objects are persons and thus statistics have a foothold by 
virtue of individua.l.-differences problems. A generally low degree of ecological 
validity of physiognomic cues-surprising as this may be to the layman-has 
been found in a large number of studies, summarized by Paterson (1930) and 
by Jones (1937).u Correlations of about .10 or .15 for such combinations as 
height with IQ are, in spite of being low, among the best established. Similar 
values have also been obtained in our Experiment D (§ VI/1 and fig. 6). (The 
height-weight ratio claimed by some authors to correlate about .3 with intelli
gence gave in our material correlations with the various measures and esti
mates of intelligence averaging under those reported in figure 6 for height 
alone.) Linking emotional states in socia.l. objects-i.e., a- rather than 
u-variables-with their external or peripheral-physiological "expressions" (in 
the narrower sense of the word) has been found somewhat more successful 
(and thus their social perception more valid, see § VII/2) . 

2. ECOLOGICAL ANALYSIS OF DISTANCE CRlTERIA 

Cues used in the perception of physica.l. objects proper, as well as criteria of 
situational circumstances such as, especially, of distance, have in the past been 
approached primarily under the purely technological aspect of physiological 
mediation mechanisms. The problem of the statistical validity of such cues 
was explicitly raised by the present writer (Brunswik:, 1934, pp. 49 f., 111 f., 

. 116 f., 224; see also his summary in English, 1937) and further discussed in a. 
joint ar t icle with Tolman (1935) . In the statistical survey of size constancy 
summarized in the preceding section (Brunswik, 1944, pp. 9 ff., 42 ff.) it was 
decided to postpone investigation of the effectiveness of the distance cues in
volved for later occasions. It was emphasized, however, that an investigation 
of this type of mediational problem-broader than physiological technology
would have been quite possible if, say, the situations of the survey had been 
photographed from the place where the subject stood (thus establishing a 
duplicate of retinal configurations) and these records had been subjected to 
further scrutiny. 

An analysis of this special kind, limited, however, to the problem of the 
ecological validity of distance cues, is undertaken in a forthcoming study by 
Stanford E. Seidner, who uses randomly selected pictw·es from a popular 
magazine and randomly selected places (objects, points), or pairs of places, 
within these pictures. 

Preliminary results obtained by Seidner, as yet unpublished, suggest the following eco
logical validities, i.e., correlations of the res.! distances in the situations photographed-re
constructed from the pictures in terms of a crude five-point scale with a sufficient degree of 
reliability-with the actual location, color, etc. of their projections in the photographs: 

About .6 for the cue of "vertical position," i.e., for the probability of greater real distance 
for objects appearing higher up on the picture. 

" For some specific problems connected with details of facial and bodily geometry see also 
Cleeton and Knight (1924), e.s well as Laird's report of their study (1925). 
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About .4 (biserial) for "filting of space" (measured by the number of items, i.e., distin
guishable steps, between the projection of two objects), more items between objects being 
MSOciated with greater differences in real depth. 

About .2 for "color" (i.e., on the achromatic pictures used, the local brightness of a spot), 
greater brightness increasing the chances of greater real distance- as would blue vs. red. 

T he relativoly small and possibly biased samples of situations so far used by Seidner-75 
instances from 12 pictures for each cue,-as well as the inherent innocurnoy in the determi
nation of real distances from photographs alone and, finally, certain difficulties in precisely 
defining the variables, especially the retinal gradients, involved, make the numerical values 
listed subject to considerable revision. In figure 10 the obtained coefficients are given to two 
decimals; a question mark is added to indicat~ the tentative character of the results. 

3. UTILI ZATION OF CUES J~ PERCEPTION 

In view of all this, one is reminded of Thurstone's remark that perception is 
ba..~ on insufficient evidence, or of William James's saying that perception is 
of probable things. Looking at cues of limited trustworthiness under the aspect 
of biological adjustment rather than under that of physiological mediation-a. 
policy with which such authors as Boring (1942, p. 303) seem also in sym
pathy,-their ecological validities, defining more specifically their inherent 
potentialities as representatives of a more distal factor, should be mirrored 
within the response system of the organism by the actual effectiveness of the 
cue in establishing a specific reMtion focu...~ on the more distal variable. This 
effectiveness, or degree of utilization (or impression value, or subjective weight, 
or response eliciting power) of a. cue may be sma.ll or entirely absent, even in 
the face of considerable ecological validity; or it may surpass it, as it probably 
does in many of the social stereotypes formed in our culture, although its 
share of distal functional validity cannot consistently exceed its ecological 
validity. In a perceptually well-adjusted organism or species, however, the 
rank order of utilization in what may be called the "or-assembly"19 of cues, 
or the "cue family hierarchy," should be the same as the order of their eco
logical validity. In consequence, the two aspects are best studied together. 
For social perception, this is illustrated in figure 6 for whAt in that field is 
called the expression problem (in the widest sense of the term) and the im
pression problem; see also figu.re 7. 

A synthesis of the ecological with the utilization aspect of distance cues 
comparable to thAt presented in figure 6, with both of these aspects further 
subordinated to the related over-all achievement aspect of size constancy, is 
presented in figure 10. So far as cues are concerned, preliminary ecological 
validities were available, thanks to the above-mentioned efforts of Mr. 
Seidner. No representative data are available, however, for the utilization 
aspect of the distance cues proper. For this reason, findings of a pioneer 
laboratory study by Schriever (1925; see also Woodworth, 1938, pp. 664 f.) on 

,. This is a literal translation of the present writer's term "Oder-Verbindung" (1934, pp. 
112, 191 ff.), designating the alternatives intersubstitutable and bound together-in the 
sense of the inclusive "eitber-and/or"-in the "vicarious functioning" (the term by Hunter; 
see Brunswik, 1943) of a unified stabilization mechanism. The term "cue family hierarchy' 
used above as an alternate e:~:pression has been cho..<en to stress the analogy to Hull's 
concept of "habit family hierarchy" (1934)1 introduced, simultaneously wiU! and independ
ently of the present writer's first pubticat1on on vicariousness of perceptual cues, in an 
effort to describe vicarious functioning in the field of overt action. 
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the,.rivalry of conflicting distance cues, using arbitrarily designed stereoscopic 
drawings, had to be substituted. 

"Interception" (covering, overlapping of two objects, proximally perhaps best definable 
absence of "good continuation" of contours) proved to be the most powerful under .the 

:nditions chosen by Schriever. This is well in line with the probably extreme ecological 
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validity of this cue. "Binocular disparity''-by no means the absolute monarch of ~ce 
s that it is often assumed to be in classical depth psychology-turned out to .be JUSt 

~:ut capab le of matchlng the joint effect of "li.ne~r perspectiv~" ( conv~rging of llue SYll
tems toward a common origin, as in the photographic representation of r111lroad tr~cks) ~d 
of "shading" (distribution of tight and shade, related to, b~t not to be co~us~d With, ~etd· 
ner's "color'' cue as mentioned above). The fact that lin~ar pers~ctlve lS .not htgbly 
response-effective may be attributed to its probably not bemg too highly valid as B: cu~ 
since the geometrical patterns involved may also be caused by actual star- or trape~aum 
shaped objects in a frontal position. . 

1 
ffi 

~ The size of direct retinal object projection, P, may, ~suggested: by Ute ecolog~ca coe -
· t.s • th left-hand part of figure 10, in itself be considered a dtstance cue of some sort, 
~~:ug:cer~y one of very low and possibly of negative validity (.08 for our total sample 
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of 93 objects, and -.34 when the sizes smaller than 10 em which crowd the limit of near
vision are excluded; the latter coefficient is significant a t the 1 per cent level for the remain
ing sample of 59 situations). As should be expected, the organismic effectiveness of Pas a 
distance cue is likewise low (.11 and -.47, respect ively) but of perhaps noteworthy nu
merical correspondence to its ecological validity just referred to. 

IX. EcoLOGICAL OvERGENERALIZATION OF ExPERil\fENTAL RESULTS 

I N THE HISTORY OF PSYCHOLOGY 

Premature generalization of results of systematic experiments are numerous 
in psychological literature. Some of them are comparatively irrelevant; others 
have had consequences highly important either in a practical or a theoretical 
sense. 

1. A.t"'f EXAMPLE OF OVERGENERA.LIZATION IN PERCEPTUAL TESTING 

One of the most prominent experiments on depth perception is represented 
by the frequently used device of adjusting two or three rods (or threads, etc.) 
to equal depth in a situation devoid, or nearly devoid, of depth cues except 
the binocular mechanism (survey of the literature in Woodworth, 1938, pp. 
665- 674). Experiments of this kind were given as a test to inductees during the 
Second World War as part of the routine medical examination. As seems to be 
agreed upon, they did not lead to any appreciable correlation with the actual 
performance of flyers in situations discriminatory of orientation in depth, such 
as landing an airplane. Obviously, validity should never have been expected 
of this test since the kinds of criteria available in the classical experiment upon 
which it is based, on the one hand, and in the practical situation referred to, on 
the other, have almost nothing in common. Only occ-asionally, as in the work of 
Gibson and his associates (final publication, 1947), and too late for extensive 
practical use, has the necessity of adequate representativeness and closeness 
to life of the situations and cues used in the war testing of depth perception 
been recognized. 

In testing in general, the first major awareness of the necessity of presenting representative 
tasks can perhaps be found in Binet, designer of intelligence tests at the turn of the cen
tury. Applied psychology has also tried to make tests representative or "analogous" to the 
total pattern of activities involved, but has been more inclined to do so by an "understand· 
ing" type of analysis than by methodical sampling. A set of experiments highly representa
tive of the social and emotional aspects of the anticipated tasks to be performed has been 
developed during the war in the course of an official "assessment" program (see Murray and 
MacKinnon, 1946). As has been pointed out repeatedly, however, intrinsic similarity be
tween test and task must be superseded by considerations of statistical validity through 
which ultimately preference may be given to a seemingly unrelated test. 

In a technical sense, the notion of "8ampling of tests" or iginates, as Professor Hotelling 
informs me, with him (1933); but he only has in mind sampling from a battery of tests the 
members of which may have been constructed after arbitrary or speculative principles. 
There can be no doubt that .considerations such as those advanced by Thurstone, dealing 
with the question of whether or not several different e:~.-periments or test bat teries yield the 
same set of identifiable primary factors, move under the inherent pressure of the long
neglected aspect of ecological representativeness of task situations and tests (see Thurstone, 
1940, especially p. 195 and the subsequent discussion with Thomson on the fundamental 
question of the functional "reality" of factors, 201 ff.). The same holds for Thomson's own 
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anticipation of a sampling of "the whole pool of a mind" (1939), and possibly also for 
Lindquist's not further elaborated hint toward a "random selection of schools" from which 
to sample children for an experiment (1940). 

One has the impression, however, that the authors mentioned are not fully aware of the 
broadness of the underlying issues involved in the concrete steps they have taken so far. 
Thus, the synaptic junction .with whatever complementary growth may be forthcoming 
from revisions of general experimental methodology as suggested in the present paper is 
probably still a long way off. 

A fully adequate handling of the question of the representativeness of a certain test with 
respect to a certain extrinsic criterion presupposes, as is generally accepted, a shift of the 
empirical validation from other tests, or comparatively irrelevant behavior (such as, e.g., 
scholarship) to the direct behavioral issue or clinical symptom involved. A good example is 
Strong's (1943) vocational aptitude testing as validated against actual success in life. 
Assessment programs such as that mentioned above seem to be working toward a similar 
goal as is the case with other recent developments in psychological testing. 

2. PREMATURE APPLICATION OF SPECIAL FINDINGS WITillN ACADEMIC 

PSYCHOLOGY: VERTICAL ILLUSION AND GOTTSCHALDT EXPERIMENT 

Since statistical studies of stimulus-response relationships, such as the 
monograph on size constancy described in § VII/3 (Brunswik, 1944) can be 
evaluated in many different directions, this investigation has been used to 
throw light, on a representative basis, upon some problems not directly re
lated to the thing constancies. The problems are the so-called vertical illusion 
and the Weber law, both old standbys in experimental psychology. 

Allegedly, a vertical is overestimated as compared with a horizontal of equal length. 
Examples to illustrate the point are sometimes glaringly unique and full of secondary sources 
of illusions, such as the well-known "silk hat" pattern dating back into the nineteenth 
century but still revived in some contemporary treatises such as that by Luckiesh (1922, 
pp. 46 f.). Systematic experiments were limited to the square as well as L-and T-patterns, 
variously inverted and tilted, and related arrangements of geometrical lines. The inverted 
T suggested by Titchener and involving the added illusion of the bisected line has, in various 
modificat ions, become a favorite in textbooks, not excluding one by the present writer (1935, 
fig. 110). For a history of the problem see Finger and Spelt (1947); see also Wilrsten (1946). 

However, comparisons undertaken under a variety of aspects within the material of the 
size-constancy survey (§ IV / D and table 3 of Brunswik, 1944) have not borne out the eco
logical applicability of this illusion. There is even a slight trend in the opposite direction, 
although statistical significance is hampered by the relatively small number of vertical ex
tensions, 25, as contrasted with 57 horizontals (see also above, fig. 8). 

The Weber law is the first genuinely psychological quantitative law, and the backbone 
of Fechner's famous volumes on psychophysics (1860). In contradistinction to the vertical 
illusion, this law has been confirmed by our results in its ecological generality for length 
discrimination. Graphically, it may be read from figure 8 of this paper by establishing the 
approximately equal average length of arrows for small versus large sizes, as well as small 
versus large projections (for details see §IV /E of the monograph cited). 

Some experiments are especially designed to prove-or, at least allegedly, 
to challenge- pivotal points of discussion upon which the fate of an entire 
psychological movement may hinge. 

An outstanding example is the much-cited experiment by Gottschaldt (1926, 1929) with 
"masked figures" (one of these is reproduced in Woodworth, 1938, p. 640). In spite of being 
"learned" in hundreds of presentations, the simple line drawings involved failed, by 
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and large to be perceived as such when embedded within larger designs strongly held 
together by such "autochthonous" factors as symmetry, completeness, and "good continua.
tion." The conclusion, commonly drawn in Gestalt psychology, that "experience" is of 
negligible or at least subordinate influence upon perceptual organization (see Koffka, 1935) 
seems unjustified in its generality in the light of the restricted type of material and the 
unusual strength and mutual support of the integrating factors rivaling experience. ThEl 
experiment proves nothing but the possibility that experience may not be an overpowering 
factor in a specific situation. Responses to the well-known Rorschach ink blots, not to 
mention systematic experiments dealing with related topics, including the memory for 
form have shown beyond doubt that under many conditions it is the familiar rather than 
the ~eometrically clear-cut or "priignanl" that will stand out in perceptual organization. 

3. LJt.UTS OF GENERALIZABILITY OF EXPERIMENTAL EVIDENCE 

What, then, are the po..."Sibilities of applying results of an experiment to new 
situations by means of generalizing inference? The question can be answered 
in the same general way as it is customarily answered in the statistics of indi
vidual differences. Everyone knows that encountering, say, a wife who is taller 
than her husband (or, to come back to an example cited above, a railroad 
president who looks like a criminal) does not justify the inference that wives 
(or railroad presidents) are always, or are overwhelmingly, taller than their 
husbands (or indistinguishable from criminals). What the instances mentioned 
do demonstrate, however, is the fact that it is po...<:Sible for a wife to be taller 
than her husband (or that not all railroad presidents can be t old from crimi
nals). They thus enable us to make minimum statements of the form "at 
least in certain individual cases . . . " 

Experiments in the biological and social sciences are often forma.Ily analo
gous to the instances referred to above, by virtue of the fact that they do 
demonstrate a mere possibility; this time, however, specification is made by 
adding "at least under certain conditions ... ," just as in the discussion (see 
above) of the Gottschaldt experiment. Experimental results are sometimes 
contingent upon situational conditions which may not become known un
less further investigations effecting a separation of variables are undertaken. 
Examples of conditionally delimiting possibilities revealed in a systematic 
experiment are those given, say, by a staying alive (or of not being able t o 
live) on a pure meat diet, or by a having of visual sensations on the basis of 
retinal stimuli other than light, or by an average differential threshold of 1/200 
for weight discrimination (under certain conditions of kinesthetic comparison), 
or by repression being demonstrable (or not demonstrated) in a certain 
memory experiment, etc. 

These examples differ from the individual instances cited at the beginning 
of this subsection by the fact that they are usually established with a certain 
degree of populational generality. In this case, typical of the systematic 
experiment, evidence definitely goes beyond "anecdotal" atoms or protocols 
of knowledge which would involve one individual in one situation only. Eco
logically, however, they are true in their own right only; they remain ecologi
cally incidental as long as the generality of the functional principles involved 
is not technically established by studying them in a representative manner. 
Thus, experiments using the customary patterns of the vertical illusion referred 
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to above have, at least in human beings, quite consistently revealed a popula
tionally generalizable overestimation of the particular verticals. However, no 
matter how many subjects were used, in an ecological sense this is minimal 
material allowing no more than description of the particular paradigms 
chosen; this holds the more as these paradigms canvass an ecologically highly 
restricted type of stimuli or situations. 

Quite often the demonstration of a mere possibility as outlined above is all 
that is necessary and desired of a piece of research, and may be fully sufficient 
to establish tentatively a principle for purposes of further verification and thus 
to stimulate further research; in all cases of this kind the systematic experi
ment is in place and may save the burdens that would go with a proof of 
ecological generality. In other cases, a systematic experiment may serve to 
exclude certain trivial factors from the explanation of a phenomenon. 

On the other hand, the most striking shortcomings in the generalizability 
of results of systematically rather than representatively conducted experi
ments are given when it comes to a quantitative estimate of the relative con
tribution of competing factors in functional adjustment to the environment. 
Such interplay of forces is exemplified in the present paper by the rivalry of 
length and area, or of bodily size and retinal size, or of the various physiog
nomic cues or traits, as polar variables in a process of perceptual compromise 
or stabilization, as the case may be. This is also the type of problem to which 
factorial design and analysis of variance has been tailored; however, generaliz
ability of results concerning the relative weights of the variables involved must 
remain limited unless at least the range, but better also the distribution of the 
" levels of strength" employed for each variable, has been made representative 
of a carefully defined universe of conditions. 

X. D EVELOPMENT TOWARD GREATER R EPRESENTATIVENESS 

IN EXPERIMENTS ON LEARNING 

1. LEARNING OF PROBABLE CONNECTIONS 

There is one example of the interwovenness of classical and representative 
elements in modern experimentation which has special relevance to one of the 
main topics of the present Symposium: probability. The short tradition of this 
type of research in psychology makes it understandable that work in this 
direction has not yet outgrown the classical stage in most of its methodological 
aspects; like the thing constancies, however, the topic itself has the earmarks 
of representativeness. 

In experiments of this kind on overt behavior in animals (reviewed by Hil
gard and Marquis, 1940), the old black-white technique of "right" vs. "wrong" 
choices or turns in amaze-resembling the likewise in many ways nonrepresent
ative current code for movie stories-has, first, been replaced by "partial 
reinforcement" (taking place only every n-th trial and thus removing the pre
vious inseparability of "correct" choice and reward), as in experiments by 
Pavlov, Skinner, Humphreys (1939), and others. 

A further and probably more radical departure from classical univocality 
consists in letting the animal discriminate between higher and lesser degrees 
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of probability, establishing what amounts to a. "psychophysics of probability" 
(Brunswik, 1939; also reviewed in Hilgard and Marquis, 1940). The threshold 
for probability in rats, using a short series in a simple T -maze, was found to be 
between 67 per cent vs. 33 per cent, and 75 per cent vs. 25 per cent, the per
centages indicating the relative frequencies of reward on the two sides of the 
maze. 

In the field of perception, the learning of new cues for illumination and 
other situational circumstances or associations, sometimes tested by the 
establishment of certain illusions, has been studied by Fieaodt (1936), Bruos
wi.k (1938), and Max M. Levin (1943, 1946). 

In passing, it ia interesting to note that Levin's more recent study (1946), in an artificially 
interlocked design confronting relative frequency regardless of total amount (weight in the 
particular case), with amount regardless of frequency, has found amount, not frequency, the 
crucial factor. But this challenging of the frequency principle-tho dominant principle in 
the theory of association and conditioning- may of course again, coming from a eyetemntic 
experiment in a specific field, not be ecologically generalizable. This holds although even 
a single situntional instance- when populationaUy generalizable, as in Levin's study-can
not be passed over lightly when the validity of a fundamental theoretical principle is at stake. 

In a quite different context, the frequency principle may also be questioned in its universal 
applicability by the existence of the "gambler's fallacy," i.e., the anticipation by the typical 
subject of that one of two alternatives which bas occurred ius frequently in an immediately 
preceding series of coin throwings or presentations. The occurrence of this fallacy has re
cently been demonstrated by Jarvik (1946) in experiments dealing with the serial anticipa
tion of alternatives of different degrees of probability (relative frequency). 

Increasing attention is also being paid by the modern formalizer of the 
theory .Jf behavior, Hull (1943b, pp. 374 ff.), to what according to him may in 
time become a "calculus of adaptive probability." From outside of psychology, 
the strongest impetus and support for an emphasis on probability in psy
chology comes from Reichenbach (1938), with his conception of the "wager" 
character of behavior in the framework of his "probabilistic empiricism." 
T his philosophical system is in certain respects akin to the "probabilistic func
tionalism" that may be suggested for psychology on the basis of the limited 
character of ecological and functional validities to which attention has been 
directed in the present paper. 

2. CHANGES IN THE l\1ETBODOLOGY OF LEAR~ING EXPERThiENTS 

IN GE)JERAL 

Developments similar to those discu..."l:ed in this paper for the field of percep
tion may also be observed in the field of learning, although perhaps with some 
temporal lag possibly connected with the fact that Ebbinghaus' pioneer study 
on memory (1885) came twenty-five years after Fechner's psychophysics. 
Ebbinghaus used nonsense syllables to eliminate, or to hold constant, the dis
turbing factor of meaning, quite in line with the philosophy according to which 
a black cloth is used to surround the two halves of the Galton bar in our 
Experiment A. Many later experiments (see Woodworth, 1938, pp. 205 ff., as 
well as the last two cha.pt~rs of his book), and most recently those by Katona 
(1940), have made inroads into the exploration of apparently vast transfer, 
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stabilization, and generalization effects, such as the "learning of principles.'' 
Some of these effects seem quite comparable to those of the perceptual thing 
constancies. 

There is some awareness of the problems of situational gcneralizability in clASSical memory 
research, and attempts at a synopsis under certain comprehensive abstract headings. As 
good an example as any is the assertion of the general superiority of passive "recognit ion" 
over active "recall" (see Woodworth, 1938, pp. 47 f.) . T his superiority is usually specified 
as being roughly in the ratio of two to one, sometimes three to one. Characteristically, 
however, the material is brought forward in what has been called (§IV / 1) a process of 
canvassing or of scattered exempli.fication (in the present case involving syllables, words, and 
proverbs) rather than in the form of true sampling; and the ostensibly major crux in the 
applicability of the results in question, namely, tho difficulty of "recognition" when new 
items are used which closely resemble the old, is introduced by means of far-of£, arbitrary 
materials (colors and geometric designs). 

As a likewise somewhat retarded analogue to the increase in emphasis on 
the central factor of attitude in perception since the turn of the century, moti
vation has in the last few decades come to play an increasing role a.s an actual 
variable-rather than just as an indirectly controlled constant-in a great 
variety of learning experiments. 

In the special field of animal maze learning, Watson's classical behaviorism 
of the 1910's and the 1920's with its search for "the" locus of learning
thought to be sensory or motor, but in any event peripherally channeled and 
focused- has given way to a recognition of the generality, and thus of the 
central character, of the learning mechanism. This progress was carried by 
Lashley and his group, and by the "molar'' behaviorism of Tolman (1932) 
and his collaborators at the University of California, such a.s D. A. Macfar
lane, Krecbevsky, and Honzik, as well as by many others.~0 

Turning to formal methodology, the successive omission of sense depart
ments or cues used in some of these experiments, in contrast to successive 
ac-eumulatioo as practiced by the early behaviorists, revealed the intersubsti
tutability of cue systems quite in analogy to what was found by Holaday for 
perceptual distance cues with the use of the same technique (see § V / 1, 2). 

Even more in line with the natural conditions of the interplay of forces-eo
countered by the researcher in the perceptual constancies more or less auto
matically- is the method of successively altering or confusing the cues rather 
than successively eliminating them (see Woodworth, 1938, pp, 130 f.). In this 
way, stabilized achievement in the face of actual disturbances on the part of 
certain factors or cues, rather than just the dispensability of certain cues in the 
establishment of a certain achieved connection, becomes obvious. 

Methodology in the field of learning has not yet reached the stage of full 
ecological representativeness as exemplified in the present paper by Experi
ment D on social perception as well as by the statistical survey of size con
stancy and by the ecological and utilization analysis of distance cues. The 

oo An excellent account of these developments is given by Woodworth (1938, first half of 
chap. vi.,.PP· 126-140). The California publications have in part appeared as Vols. 4 and 6 
of the uwversity of California Publications in Psychology, 1928-1934. Concerning the 
formal similarity of the situation in the fields of perception and of learning see Tolman and 
Brunawik (1935). See also Brunawik (1946b). 
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latter might in the future be paralleled, in the region of overt behavior, by a 
representative analysis of means (habits) in relationship to ends, both with 
respect to ecological validities and the hierarchy of utilization. 

SUMMARY 

A sequence of four experiments, involving threshold, illusion (Gestalt dy
namics), constancy of apparent size, and social perception of intelligence and 
personality traits under conditions of restricted contact, is chosen to cover ·a. 
century of methodological progress in experimental psychology. In particular, 
the series is used to illustrate the changing over-under way on a broad front 
but still to be rendered explicitly acceptable-from a "classical" or at least 
"systematic," in the last analysis autocratic style of laboratory research to a 
more "representative" type of experiment that borrows heavily from the 
spirit of statistical surveying. 

In this process, the practically exclusive hold of the spearhead, "individual 
differences," on representative sampling in psychology is being challenged, 
and representative sampling is extended from the subjects to the objects, from 
the individuals to the stimulus situations and tests. Thus the traditional double 
standard with respect to the status of organismic (and predominantly statis
tical) and stimulus (and predominantly systematic experimental) variables is 
being gradually removed, and psychology is conceived of as a fundamentally 
statistical discipline throughout its entire domain, with "functional validity" 
taking its place alongside traditional test validity. It then also becomes pos
sible to ascertain the "ecological generality," or "applicability," of a result 
along with its counterpart, populational generality or reliability in the cus
tomary subject-centered meaning of the term as studied in the familiar context 
of differential psychology. 

An example of the fusion thereby inaugurated-bringing to convergence 
European academic with Anglo-American statistical tradition-is also given, 
and fallacies, inconsistencies, and emotional resistances encountered are dis
cussed. 

Brief reference is also made to comparable developments in the field of 
learning which appears to lag behind the older and further-matured pioneer 
field of perception with respect to general methodological orientation. 

PART TWO 

PERCEPTION 

THE ECOLOGICAL GENERALITY 

OF ITS DISTAL AIM 



II 

XI. VISUAL, AuDITORY, AND TACTILE-KIXESTRETIO CoNSTANCIES: 

C.&.'\VASSING BY SYSTEMATIC EXPERniENT AS EcoLOGICAL SPOT SAMPLING 

Tm: BASic FACT of perception is distal focusing. No orientation in an organ
ized "world" would be possible without it. Distal focusing is the result of an 
ecological generalization process on the part of the responrung organism. The 
generalization takes place over the range of the concrete variants in the 
proximal mediation patterns of the rustal variable. The presence of such a 
generalization, together with some characteristic imperfections, was demon
strated for the visual size variable with the use of representative design in 
one subject(§ VII/3). 

The question now arises whether this ecological generalization within one 
variable is further generalizable to other distal variables or other sense de
partments so that it may be regarded as an ecologically universal trait of an 
inruvidual or species. 

It may further be asked how slight a degree of encouragement will suffice 
to bring out the trend toward further penetration in depth from overt distal 
to covert distal types of objects, a trend which we have observed under 
favorable conrutions in social perception (§VI ). 

In all these contexts a distal "aim" will have to be recognized, even when 
full or approximate distal attainment is wanting, so long as the presence of 
a tendency away from a coorrunation of the response with the most confined 
proximal variables and toward a special positive distal instrumentality can 
be demonstrated. The subsidiaries of distal achievement that reside in rela
tively fixed or changing ecological validities of cues and in a correspondingly 
flexible machinery of cue utilization are part of this total picture. To unfold 
it by giving as great a variety as possible of concrete illustrations of the 
problems involved and of its variants is the purpose of the second part of 
this book. 

One of the variants of distal focusing is given by the perceptual thing
constancies as we have introduced them in § V. Traditionally, thing-con
st~UCY. research bas centered about three subvarieties: size constancy with 
distance variant, shape constancy with tilt variant, and color (or whiteness) 
constancy with illumination variant. 

Uexkiill and Kriszat (1934) have vividly described what it would be like 
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to live without these constancies. Figure 11 shows at the right the subjective 
or behavioral environment of a sea urchin, a lower animal capable of isolated 
response to pressure and chemical stimulation only. This implies an absence 
of three-dimensionality of space, and of color constancy. In consequence a 
cloud, a boat, and the real enemy, a fish, must be responded to in the same 
manner. This leads either to wasteful motion or to excessive exposure to 
danger. The authors bemoan the fact that in the drawing all three objects 
had to be represented in space while in reality their shadows act Ulliformly 
"like a touch with soft cotton gently sweeping the light-sensitive skin." 
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Fig. 11. (From Uexkull and Kriszat, 1934.) 
Ecology vs. Beha11«n-al Environment of Sea Urchin. 

Under such general circumstances there can at best be no more than what 
Gibson (1950) calls the "visual field," and never a ''visual world." There 
can be no orientation or manipulation as higher animals know it. 

.At the left of figure 11 is shown the measured geographic environment 
with all its relevant differentiation; thing constancy is nothing but the 
mechanism that makes the behavioral environment conform to the geographic 
environment to a considerable extent, especially in its biologically more 
relevant distal aspects, thus making higher life possible. 

An important problem of functional psychology is the question as to 
exactly how perfect and how pervasive the mechanism of distal focusing is. 
As v;re have demonstrated in § VII/3 for the case of size constancy, the final 
answer about the degree of perfection must and can be given by representa
tive design only. Here we will first turn to a more complete discussion of 
relevant systematic experiments of the relatively r ecent, more life-like kind 
and see how much they have been able to anticipate the .final outcome and 
how they may be interpreted as parts of a representative design. In the re
maining two subsections of the present chapter we will turn to e:xpan.sions 
of the constancy problem to other sense departments. In § XII will follow 
what we will call the "extended constancy problem." Together they will give 
us an at least tentative answer to the problem of the pervasiveness of distal 
focusing. These considet·ations will also give us an occasion to elaborate on 
the systematic-representative hybrid techniques of "canvassing" which we 
have so far only briefly touched upon at the conclusion of Part One (p. 57). 
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1. OLOSE-TO-L!FE SYSTEMATIC STUDIES IN SIZE CONSTANOY 

Of the relatively life-like type of systematic experiments in size constancy, 
that is, those which proceed from a situation with a fairly "normal" array 
of depth cues to more impoverished situations in a technique of "successive 
omission," we have so far discussed only the earliest, that by Holaday (1933; 
see above, p. 24 :ff.). A more complete picture of the merits or demerits of 
this representatively tinted kind of systematic approach is obtained by com
paring notes with some subsequent experiments which have proceeded by 
essentially the same functionalistic scheme. These are the studies by Holway 
and Boring (1941), by Gibson (1947), and by Joynson (1949) . In each of 
these cases there is, superimposed upon an at least allegedly exemplary or 
typical core situation, a greater or lesser number of systematic variations, 
so that the design is still fundamentally systematic at least in its ramifica
tions . 

In figure 12 are shown some additional data from the study by Holaday. 
'fhey deal with the dependence of size constancy upon the distances em
ployed. The numerical constancy ratios that appear in Holaday's table 2 
(1933, p. 463) are used in plotting, but the constancy ratios that are written 
in our figure 12 are the result of a logarithmic recomputation. All data are 
based on "normal" binocular viewing in the naive-realistic attitude b, by ten 
subjects, and with the use of cubes (Standard = 7 em) placed on the floor 
of a large, empty hall, the subject's head being slightly raised above the 
floor. In addition to the two distance combinations that have also been used 
in combination with the successive omission of cues and that therefore have 
previously appeared in our table 1 (framed in fig. 12) there are eight further 
distance combinations, and the distance ratios range to an extreme of 1:16. 

For the given conditions and range of distances (between Y2 and 8 m) the 
absolute magnitude of the constant error, given by the ordinate beyond the 
7 -em line, tends to increase with increasing absolute distances as well as with 
increasing distance ratios. Correspondingly, there is a decrease of constancy 
ratios as we proceed from left to right within each of the charts for the 
various distance ratios. Constancy ratios range from .95 down to .71. 

A cross-comparison of the first values in the four charts reveals that there 
is no simple decrease when the position of the Standard is held constant, 
however; rather, there is perhaps an "orthoscopic" distance at about 2 to 4 m 
where objects, at least of the kind and size employed by Holaday, appear 
most realistically "as they are" ( c reaches about .95) ; Ko:ffka (1935) speaks 
of the frontal orientation as an orthoscopic plane of rotation, and Katz's 
(1911) "normal" illumination conditions (see above, p. 5) supposedly yield 
orthoscopic color experiences. 

Using distances up to ten times as large as Holaday-10 feet to 120 feet
Holway and Boring (1941) obtained from their five subjects almost ideal 
constancy even in monocular vision while binocular vision yielded slight 
overconstancy (fig. 13, top). Holway and Boring's conditions were unusually 
favorable for depth perception; the experiment was set up in corridors which, 
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even though relatively dark, provided certain "constellations of light images" 
such as reflections from the waxed floor which must have exerted a rather 
coercive influence via the cue of linear perspective. Suspecting a space error, 
the authors have nonetheless corrected their results (by 10° rotation), as 
shown in the bottom part of :figure 18. Binocular constancy then would be, 
roughly, about .9 or slightly over. 
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Holway and Boring have also followed Holaday's successive omission tech
nique, notably in using "a reduction tunnel, a long black tube which would 
eliminate the perception of reflected light from the surfaces of the cor
ridor." As in the case of Holaday's monocular darkroom series with fixed 
head (our table 1 reports c = .15 for this condition), Holway and Boring 
find a far-reaching breakdown of size constancy under these conditions. 

Nearly perfect constancy, with some overconstancy, was also exhibited in 
the study by Gibson; in this experiment "size perception was studied up to 
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the point where the size showed signs of beginning to disappear optically" 
(1947, p. 210)-that is, up to 448 yards and occasionally even 784 yards
with standard sticks of from 63 to 75 inches at 14 yards (fig. 14). The ex
ample from the same study which Gibson discusses at a later occasion (1950, 
p. 186) shows the usual compromise tendency (underconstancy), however. 
The experiment bad been conducted in a level field o£ cultivated land (as 
shown in Gibson, 1950, fig. 74, p. 184 f.). The texture gradient must have 
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furnished an almost equally inescapable depth cue as Holway and Boring's 
corridor, even though there were no furrows to ·give linear perspective. 

Conditions in which one or more cues are as ·much tied to distance as in 
parts of Holway and Boring's or in Gibson's experiment are not representa
tive but constitute unrealistic idealizations. In effect, they approximate clas
sical tied-variable designs (in the sense of §II ) as were exemplified in Part 
One by the Galton bar ( § III). Size constancy is almost automatic in such 
cases (or in their approximations at hand), which means that it is not really 
being tested. What is tested is merely the utilization of the cue or cues in 
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question, and this is a mediational rather than a functional problem. Perfect 
constancy under such circumstances is no more than a tautology. 

It is significant from the methodological point of view that in two of the 
studies the most favorable cue-conditions yielded on the average slight over
rather than undercompensation for distance ("overconstancy"), and that the 
over-all level or 11compromise" varies considerably from study to study. Con· 
trary to what Holway and Boring impute (1941, p. 34), this writer finds 
occasional or conditional overcompensation for distance not only compatible, 
but entirely in accord with expectations entertained by the functional point 
of view, a point of view mindful of the adjustive value of overcompensation 
elsewhere in nature also. Even in our representative design an instance of 
overconstancy corresponding to a c ratio of 1.9 could be reported (Brunswik, 
1944, p. 30); but ratios slightly under 1.00 appear to be the ecologically 
most typical. 

Holway and Boring had used two perpendicular corridors at the inter
section of which the observer sat. In order to ascertain whether a decrease 
in the angle between Standard and Comparison from 90° to close to 0 would 
tend to diminish constancy, Joynson (1949) undertook the experiment de
scribed in figure 15. An analytic attitude was employed, and dotted lines 
were therefore used in drawing the curves. Logarithmic constancies (Thou
less ratios) are nonetheless as high as in the middle .70's under reasonably 
favorable conditions, especially at angles 40° and 60° which still permit 
some sort of simultaneous comparison. But they drop sharply as the objects 
come closer to intercepting each other. Although the smallest angular separa
tion is as large as 2¥2 o and no actual overlap occurs, an imaginary extra
polation of the curves to 0° points to perfect photographic vision. 

An intermediate step between the close-to-life systematic designs described 
in the present chapter and the fully representative survey reported in 
§ VII/3 is given by an earlier study by this writer (1940) in which object.s 
possessing predetermined, systematically varied sizes were scattered, at pre
determined distances, throughout a predetermined room (see fig. 16). At 
least a certain measure of randomness in the background cues was thus 
achieved. The correlation coefficient was used for the first time instead of the 
constancy ratio to measure achievement, but all this constitutes no more than 
a superficial departure from systematic design. The results, also presented 
in figure 16 and summarized in figure 17, happen to be quite similar to those 
of the later representative study (summarized here in figs. 8, 9, and 10). We 
must .remain aware of the fact, however, that the coefficients in figure 17 
cannot be legitimately generalized beyond the artificial laboratory ecology 
incidental to the experiment including the particular size and distance 
ranges chosen within it. 

Lumping all conditions together, the functional studies of size constancy 
just discussed bear out Hering's old assumption of "approximate size con
stancy," according to which more distant objects tend to be slightly under
estimated in the direction of a compromise with photographic size. In view 
of the fact that our representative design ( § VII/ 3) has confirmed this over-



Distance 
(meters) 

12 

10 

8 

6 

4 

2 

0 

B 
b 
p 

B 
b 
p 

B 
b 
p 

B 
b 
p 

6 
b 
p 

68 

Design of Psychological Experiments 

30 50 70 90 

ooooooooooooo 

0 70 
82 
84 

0 55 
63 
83 

0 65 
80 

130 

0 60 
13 
180 

0 50 
59 

300 

0 55 
60 
66 

0 60 
69 
90 

50 0 6/ 
100 

0 70 
84 

210 

0 60 
74 

360 

X Perceiver 

Fig. 16. (After Brunswik, 1940.) 

0 50 
55 
60 

0 70 
82 
105 

65 0 17 
130 

0 55 
66 
165 

D 65 
80 

. 390 

Schema of Systematic Desig1~ in Size Constancy for Vse with the Correlation Coeffi· 
cient.-Front·to·baek ilistanees are foreshortened in ratio 1 :4 when compared with lateral 
ilistanees and the si~es of the cubes. 

69 

Part Two: Distal Aim 

all result, the traditional trust in the informal "canvassing" inherent in the 
totality of these experiment~ would appear to be reinforced. Under the 
stricter scrutiny of representative design, however, all the systematic ex-
periments listed must be vie,ved as ecologically incidental single cases or 
"instances." The artificial elaboration of these instances in systematic de-
sign leaves a large portion of the core elements untouched; their size-depth 
patterns are fixed in advance. More importantly, the particular strengths 
of the cues and their validities are rendered incidental and thus may be dis-
torted as in any individual selection from the ecology. This is the more true 

ENVIRONMENT ORGANISU 

Distal Proximal Perceptual 
stimulus stimulus r esponse 

b/rbp••lO~P ~ /rep=.26~8 
0 0 0 

Direction of ~ / 
causal sequences reb;.97 

Fig. 17. (Redrawn after Brunswik, 1940.) 
Correlations Betwee11 Di·stal, Proximal, and Response 17 ariables in Systematic Size 

Constancy Des·ign Shown in Fig. 16. 

as in this type of experiment- including the one by Holaday in which this 
writer has had a hand- there never has been anywhere near complete reali.za
tion of all the intricate variabilities that adequate representativeness would 
entail. Laboratory experiments frequently employ certain atypical contexts 
or backgrounds inadvertently and in consequence will yield drastically di
vergent results; to an even greater extent this holds for the mediationally 
rather than functionally oriented, more traditional experiments that thrive 
on the infirming instances of a cue and programmatically employ grossly dis
tortive configurations, such as most recently the situations created by Ames 
(1946). 

Each of these experiments, may it be typical or atypical, is nevertheless 
indisputable in its results. But at the same time it is of unscrutinized ecologi
cal generalizability. The core situation of any systematic experiment or ex
perimental setting constitutes what may be called a variate package, that is, 
a more or less incidental combination of specific values along a large and 
practically unknown number (x) of dimensions. Each such situation may be 
projected somewhere in the x-dimensional manifold of ·design which we have 
exemplified for two dimensions in figure 8. Each imaginary point-or small, 
orderly group of points- in such a space represents a potential systematic 
experiment. 

Mostly there is little technical basis for telling whether a given experi
ment is an ecological normal, located in the midst of a crowd of natural 
instances, or whether it is at the fringes of reality, as are bearded ladies and 
other freakish creatures, or whether it perhaps is like a mere homunculus 
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of the laboratory out in the blank. As a matter of principle, a study of one 
or of a series of individual sample situations-regardless of how life-like 
they may be-cannot answer a functional problem such as that of the degree 
of perceptual constancy. This holds true in spite of the fact that by the use 
of responder-replication or by systematic variation their results may be
come generalizable in certain directions and standardized for testing pur
poses. 

No matter how much the results of systematic experiments may anticipate 
those of a representative survey, in a technical sense only representative 
design can answer functional problems definitively. As we have said, the 
ecological generalizability of the principle of perceptual compromise, or of 
"approximate" size constancy as originally suggested by Hering, has been 
established in this manner at least for one subject, along with the broader 
principle of distal rather than proximal focusing in the area of size with 
distance variant. 

2. LOUDNESS CONSTANCY WITH DISTANCE VART.ANT 

Sometimes an entire array of individual systematic experiments may ap
pear to be laid out after quasi-representative principles so as to cover the 
ecology or the mediational pathways by a va..,"'llely conceived "one of a kind" 
rule. This tacit spot-checlring or informal sampling procedure forms an eco
logical counterpart to what polling statisticians might recognize as a most 
rudimentary form of stratified, "quota" or proportionate sampling. It is 
usually of the highly erratic type sometimes labeled "accidental" in sta
tistics. This primitive type of coverage of the ecology we have designated as 
"canvassing." 

In the area of the perceptual constancies basic principles found in the area 
of size constancy, such as that of distal focusing and of compromise, may be 
re-examined for shape- or color-constancy. This is an example of canvassing 
that involves a spot sampling·of distal variables within the same sense de
partment. The same principles may also be investigated cross-departmentally, 
for example, by including the auditory or the tactile-kinesthetic domain. 

Loudness consta.ncy with distance variant is a problem analogous to size 
constancy. The distal stimulus variable is intensity of sound at the source; it 
is measured by placing a microphone next to the place from which the sound 
is emitted. The proximal stimulus variable, intensity of sound at the ear, is 
measured by a microphone next to the observer. The two variables are dia
critically separated by placing the source at different distances from the ob
server. Two attitudes are possible, one toward loudness of sound as emitted 
at the source, and the other toward loudness of impact at the ear. They cor
respond to the naive-realistic attitude toward bodily size (b) and to the ana
lytic, photographic attitude (p), respectively, in the size-constancy experi
ment. 

An experimental study of loudness constancy was undertaken by Mohr
mann (1939) . In a sound-recording room that created conditions somewhere 
between open-air and indoor hearing but probably closer to the former, two 

r 

71 

Part Two: Distal Aim 

loudspeakers were placed at different distances from the observer. The dis
tances used were 75 em, 750 em, and an intermediate distance, 237 em, the 
latter being the geometric mean between the two extremes mentioned. All 
the three possible combinations of two distances were used; the loudspeakers 
exchanged position from time to time to avoid ill effects of familiarization. 
Types of sound were canvassed as to familiarity and/or complexity; five 
variants, ranging from speech over dance music, metronome beats and an ex
plosive type of noise, to a relatively pure sine tone ( c' , 256 cycles) were 
employed. All sounds were piped into the two loudspeakers in serial alterna
tion (speech and music from phonograph records), with successive presen
tation times of 2 seconds and pauses of Ih sec. between front and rear. (A 
schema of the electrical equipment is given in fig. 3, p. 164, of Mohrmann's 
paper.) The adjustment method was used, the subject turning a knob until 
the two sources-or else the two impacts-appeared to be equally loud 
(which took an average of 6.8 pairs of alternations) . Experiments were per
formed as follows: in complete darkness prior to the subject's having any 
acquaintance with the room or with the arrangement of the speakers (first 
day), or blindfolded between the visual experiments or with a full visual view 
of the situation (second to fourth days) . There were 24 adult subjects with 
normal hearing in both ears. 

Figure 18 shows the results. Small circles represent mean constancy ratios 
for all three distance combinations taken together, horizontal lines, ranges 
of average points of subjective equality for the individual subjects. The 
natural attitude toward source seems generally more successful (over-all 
average c = .82) than the proximal or sensorial attitude toward impact at the 
ear (over-all average c = .34, which is farther from 0 than .82 is from 1.00). 
Thus the prevalence of distal focusing is confirmed. 

Under favorable conditions, including the presence of visual cues for space 
and for the position of the sources, the average c-ratios are .78 or over and 
approach 1.00 in the case of sounds of high complexity and/ or familiarity, 
notably speech ( c = .99). Even when the non-visual series are included, 
speech constancy averages as high as .95. On the other hand, the average of 
the visual c-ratios in attitude toward ear is only about .50; this value drops 
to about .20-an improvement in view of the proximal aim-in the darkness 
series which support the reduction of space. 

~sults in the case of blliul.folding a.re between those for the visual and for the darkness 
series. The two non-visual series would probably be closer to each other were it not 
for the presenee of a practice effect which acted in favor of the blindfold series (see 
above) and which we will di!cuss in § Xlii (fig. 30). 

The three distance combinations yield very similar results for attitude toward source, 
but attitude toward cnr becomes more efficient when the sources are relatively close 
(75 :237 em) and visual cues are laeking. 

No effort was made to establish the exact nature of the cues by which distanee wa.s 
mediat~d under each of the varioWI conditions. In line with the policies of the functional 
approach we did not probe into mediational technology beyond making sure of the presence 
of cross-departmental interaction as revealed by the significant improvement of constancy 
through the addition of visual orientation factors. It may perhaps further be relevant in 
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this context that in special series, employing intensities barely above threshold, loudnees 
constancy was improved, while it suffered when intensities were increased to an extent 
seriously interfering with the natural timbre and overtone relief. 

In other special aeries the pause between alternating presentations wu increased from 
lh see. up to 6 seconds, with the result that it became almost impossible to realize the 
attitude toward impact at the ear. This part of Mohrmann's 6Xperimont bears some 
indirect relation to the one by Joynson (1949) which we have mentioned earlier in this 
chapter and in whieh the role of the angle of separation as a. eupport for size constancy 
has been ascertained. 
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Fig. 18. (Redrawn a.ft.er Mohrmann, 1939.) 
Percspt~al Loudnt88 Constancy with Distance Variant.- In our redrawin~ the portions 

of the ranges outside of 0 and 1.00 are drawn to the same scale as those instde 'vhile they 
had been compressed to half·sca.le in the original publication. 

3. A MUIII'lPOLAR CONSTANaY PROBLEM: 

WEIGHT CONSTANaY WITH SPEED .L'ID KINETIC E.'IERGY VARIANT 

That there is a "world" of touch as there is one of vision has been made 
clear by David Katz in a pioneer monograph (1925) that parallels his mox·e 
famous volume on the world of color (1911; 1930). In this tradition such 
problems as that of the apparent weight of submerged bodies or of the rela
tive invariance of weight impressions with leverage of the arm variant 
(Fischel, 1926) were studied. 

Another of the many conceivable tactile-kinesthetic constancy problems is 
posed when the intensity of the proximal impact is made variant by allowing 
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bodies to fall from varying heights and thus to impinge upon the receptors 
at differing speeds. As in the preceding examples, it is weight (or mass) that 
furnishes the distal variable by virtue of its landmark character in the 
identification of object-s and its importance in the context of manipulation 
and orientation. 
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Fig. 19. (From data by Schreiber, 1935.) 
Perceptual .Attainment of Weight, Speed, and Kinetic Energy of Falling Bodiea.

Presenta.tion in eaeh individual aeries started from the Comparison object representing 
the POE for the attitude ea.lled for in that aeries; th118 pa,sible intluences of "adaptation 
level" (Helson) were working against rntber thnn in support of the hypothesis of per· 
ceptual compromise whieh was to be tested. 

This problem of weight constancy with impact variant was studied at 
Vienna by Livia Schreiber (see brief report in Brunswik, 1934, p. 161 f.). 
Balls of varying weights were allowed to impinge upon, and to roll off in 
rebound from, the prominence at the base of the thumb (thenar eminence) 
of the hand held at 45°. Weights and heights of fall (velocity) were arranged 
as indicated along the two main axes in figure 19 . .As in the experiment on 
loudness constancy, the mediation of height and speed was in some series 
confined to the intradepartmental-in this case the mechanical-eues, but 
figure 19 shows only results from a series in which visual and auditory cues 
were also present. Three perceptual attitudes were induced, toward weight 
( w), speed ( v), and force of impact (kinetic energy; e). There were fifteen 
adult subjects. To simplify our presentation, only part of the Standards and 
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Comparison series are shown in figure 19. (Note vertical, horizontal and 
oblique directions of variation, called isobaric, isotachic, and isoergic.) 

Results are indicated by the direction of the lines connecting the Stand
ards with the mean PSE's on the respective comparison series, using broken 
lines for the two perceptual weight-equivalence contours, solid lines for the 
perceptual kinetic-energy contours, and dash-dotted lines for the perceptual 
speech contours. The ranges are also shown. 

The abstract of the results at the top right of figure 19 shows best attain
ment for kinetic energy, least successful attainment for weight. But the fact 
that there are at least three rather than only two POE's or poles in this ex
periment, V, E, and W, of which the first and last are in a marginal position, 
may have something to do with this outcome. Two variables may "gang up" 
against the third in designs of this kind, which we will call "multipolar." Ap
plication of the constancy ratio is rather pointless in such cases. We will 
come back to a discussion of the complex interplay of factors in such multi
polar systems in the next chapter. 

Results are of the same general kind with visual cues absent, but the constructive inter
departmental influence of these cues is evident from a lessening in the degree of weight 
constancy when they are removed. 

In interpreting the results, one must first consider the nature of the 
proximal impact. Visual cues as well as the initial dent on the palm during 
the first time difl'erential are very nearly proportional to speed. In the later 
phases the deformation effect and the forced movement of the band may 
become more nearly proportional to kinetic energy (or to the linear mo
mentum, defined in physics as mv) . Since the ball is not allowed to come to 
rest on the hand, weight is never directly represented. It thus remains un
tied to cue and stays a distal variable in our experiment. Even though weight 
is not attained as closely as is energy, each under its own attitude, any de
parture from proximal focusing in the direction of weight attainment must, 
as always in analogous cases, be seen as evidence of a trend toward distal 
focusing. 

XII. THE ExTENDED CoNSTANCY PROBLEM 

The three traditional perceptual constancies (size, shape, color) as well as 
their analogues in other sense departments (loudness, weight) which were 
discussed in the preceding chapter have in common that the variant condi
tion against which an invariance is upheld in approximation does not per
manently adhere to the objects in question; rather, this variant condition is 
in the nature of a transient, extraneous relation or "circumstance," such as 
distance or tilt relative to the perceiver; illumination; or speed. An extension 
of the perceptual constancy problem is given by proceeding toward the prob
lem of invariance relative to a certain bodily characteristic when another 
bodily characteristic in the same objects is allowed to vary 

1. WEIGHT VS. DEi"SlTY CONSTA~CY 

The well-known size-weight illusion by Charpentier may be subsumed 
under this scheme. The problem here may be phrased as that of weight con-
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stancy with volume variant, volume being a permanent (or quasi-permanent) 
property of the same objects whose weights and weight perceptions are 
under consideration. Contrast this with the ease of Schreiber, just reported, 
in which such extraneous circumstances as height and thus speed of fall were 
the disturbing conditions in the perception of weight. · 

Subsuming the size-weight illusion under the concept of perceptual con
stancy raises the problem of a second pole of intention. In our case this is 
given by density (D), defined as weight per unit volume (or W jV). Two 
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Fig. 20. (Alter !net, 1934.) 
Perceptual Weight VI. De114ity C&ulaftCY withY &lv~ Variant. 

perceptual attitudes then are possible, one toward 'veight ( w) and the other 
toward density (d). The former may be elicited by suggesting the fictitious 
case that the objects to be compared are to be weighed on a balance, the 
latter by aslring which object would seem to float more readily on water. 

An experiment by Izzet (1934) which was conducted under these aus
pices is summarized in figure 20. Matchboxes of equal shape but of a volume 
ratio of 1:2 were used. A small box weighing 15 grams was the Standard. 
The two poles or points of objective equality (POE) on the Comparison 
series are, then, W = 15 and D = 30. Standard and Comparison were placed 
simultaneously in the pal)lls of the hands held outstretched from the elbow, 
right and left switching places in a random balanced order from series to 
series. A variant of the method of limits was used; the Comparison weights 
employed are listed at the top of figure 20. In some series the boxes were 
placed in the open hands of the blindfolded subject so that the mediation 
of volume was tactile only. In others the same experiment was performed in 
plain sight of the subject, leading to tactile-visual mediation of volume. And 
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in still others the mediation of volume was restricted t.o visual cues by making 
the subject suspend the weights from the heads of pins attached to the boxes 
and placed between the fingertips, with the fingers pointing downward. 

The center part of figure 20 shows individual PSE's averaged for each of 
the two attitudes and three types of volume mediation; for 13 subjects. Means 
are shown underneath each range and indicated numerically in terms of the 
constancy ratio, with W becoming 1.00 and D becoming 0. Weight constancy 
is higher (about .8) than density constancy (about .5) under our conditions. 
Since both weight and density are distal variables relevant to life, this is not 
at variance with our general contention of distal focusing. It also seems more 
appropriate to express results of constructive perceptual activity in the 
positive terms of constancy rather than in the more indistinct terms of 
"error" or "illusion." Note further that visual mediation of volume is about 
equivalent to tactual mediation or even to a combination of the two, again 
pointing to the intersensory character of the constancy mechanism. 

The top row shows the results of a control series in which both of our major mediational 
avenues for volume ,vere eliminated. The fact that weight attainment is only approxi· 
mately perfect ( .97 rather than 1.00) under these conditions points to the presence of 
some residual minimal cues for volume. 

The drastic "over constancy" values at the extreme left in the rows with weight 
attitude represent the same individual in all four cases. This subject is the only one to 
reverse the direction of illusion from the customary weight-volume dissimilation to an 
assimilative effect. 

2. VOLUME VS. SURFACE CONSTANCY 

.Another experiment in the category of the extended constancy problem 
concerns the perceptual volume- and surface-constancy of three-dimensional 
bodies with shape or the proportions of height and width variant. This ex
periment was undertaken by T. I. Stevenson (for a summary see Bruns
wik, 1933, and 1934, pp. 152-155) . .A sphere and four square prisms were 
the Standards used with a series of cubes of varying size in simultaneous 
comparison (fig. 21) . The volume of each of the Standards was equal to that 
of a 7 em Comparison cube; the heights of the prisms ranged from 70 em 
("long stick") to .7 em ("thin plate"), and their base-squares from 2.2 to 22.1 
em (see the scale in fig. 22). 

Results, presented in figure 22, show that the mean PSE's as well as the 
ranges (12 adult subjects) for volume- vs. surface-attitudes are very close to 
each other for elongated prisms, while there is considerable attitudinal dif
feren tiation (shift span) for fiat objects. Since the relative position of the 
two intended POE's (V and 0) is similar for the elongated and for the cor
responding flat bodies, a synoptic interpretation of all results is possible only 
on a more than two-polar basis. We have chosen Qase and height for addi
tional consideration so as to be able to describe the results in terms of per
ceptual compromise, but since here several variables are interdependent in 
a strictly mathematical manner, the choice of poles and indeed the number 
of independent factors are open to discussion. As we have said, the constancy 
ratio can not meaningfully be applied in such complex cases of multivariate 
interaction. 
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Note further the small variability (low threshold) and almost vanishing 
"constant error" for cube-with-cube comparison (center) . The reader will 
recognize this as the case of the classical psychophysical experiment(§ III). 
It is a case drastically reduced in its research potential, as we have seen, 

Fig. 21. (From data by Stevenson, after Brunswik, 1934,.) 
Objects Used to Test Volume and Surface Constancy. 

Sphere 

Long stick 
Short stick a ':Ill 

Cube I -Thick plate V.e fl 

Jhin plate ~ • fl 

0.7 1 2 3 4 5 6 7 8 9 10 30 40 60 60 70 em 
Series of comparison cubes -

POE's: 
PSE's {Averages: 

Ranges: 
Fig. 22. (From data by Stevenson, after Brunswi~ 1933, 1934.) 

Jl' o!ume and Surface Constancy tui~h Sh4pe r ariant. 

confining as it does the perception problem to the threshold problem under 
the most safeguarded, near-measurement conditions and discouraging the 
constant error which in turn is the most promising starting point for higher
complexity work in perception. 

Some important implications of the Stevenson experiment with respect to 
the theory of distal focusing will be taken up in the next chapter ( § XIII/ 3). 
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3. PERCEPTUAL VALUE CONSTANCY AND MONETARY VALUE AS A 

DISTURBER OF NUMEROSITY PERCEPTION 

A third example of an extended constancy problem is that of value- vs. 
numerosity- vs. area-constancy. Like the preceding example it is multipolar 
and thus defies the application of the constancy ratio. Its outstanding char
acteristic is that monetary value has been made one of the distal variables 
(see p. 16) . The fact that values may be classified with the emotional and 
motivational factors, and that it may be interesting to know whether such 
factors can act as disturbers of the cognitive process, was but one-and to 
us the less commanding~£ the reasons to study their place in perception. 
That such disturbances do occur has been known for some time. The 
macropsia and micropsia of emotionally loaded objects was described both 
by psychopathologists and by E. R. Jaensch; and reportedly the enlargement 
in the drawn size of bills of the larger denominations had been the subject 
of one of the demonstrations in W ood,vorth's laboratory course over a 
number of years. The well-known Bruner and Goodman experiment (1947) 
has followed up this problem, and Bruner and Postman have stimulated a 
long series of research along this line, recently surveyed by Postman (1953) . 

To those of us who see in functionalism mainly an avenue to the study of 
veridicality in perception the emphasis is shifted from the negative aspect 
of value-induced error to the positive aspect of value constancy. From this 
latter point of view the monetary value of such objects as coins or stamps is 
a distal variable worth knowing in its own right. The intriguing part of the 
problem is that monetary value exists by fiat of the "laws" of a cultural 
ecology only; thus it is of a different, more limited and more temporary 
character than are purely physical object characteristics and the natural or 
geometl·icallaws by which they are interconnected. This in turn means that 
value-cues must be acquired cues. In consequence, the study of value con
stancy as well as that of the interference of values with the perception of 
other object properties may shed light on the role of learning or familiarity 
in intuitive perception. 

Of the two relatively early experimental studies undertaken under the 
direction of this writer in the area of value perception one (by Zu.k-Kardos; 
see Brunswik, 1934, pp. 140-149) has used Austrian stamps with Viennese 
subjects, and the other (by Fazil; see Brunswik, 1934, pp. 147-150) Turkish 
coins with Ankara subjects. We will confine our attention to the latter. 
Figure 23 shows at the top the Standard group of 40 coins corresponding 
to a would-be American uhal£-nickel." .A.t the bottom are shown the three 
POE's composed of what corresponds to the American "quarter;" N = 40 is 
objectively correct as to numerosity, A== 16 is correct as to sum of areas 
covered by the individual coins, and V == 4 is correct as to value. There were 
22 adult subjects thoroughly accustomed to using these coins; relatively 
brief exposure of stimulus aggregates in simultaneous comparison precluded 
explicit counting. 

R-esults are shown in the center row of figure 23 and in figure 24. Value 

Standard 
( 2 1/ 1-Turkish-cent 

coins, N: 40) 
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Comparisons (25-Turkish-cent coins) 
Perceptual equivalence ( PSE's): 

a: 14 
v =5 

Stimulus equality (PO.E's): 

V=4 

A= l6 
N=40 

Fig. 23. (From data. by Faill, alter Brunswik, 1934.) 
Perceptual Attainment of Number 118 • .d rea 1!8. Value. 

constancy is considerable, but there is some compromise with area and/ or 
number. In turn, the latter variables are affected by value; this becomes 
clear by the position of a to the left of A rather than toward N in figure 24, 
as well as by the results of some preliminary experiments using plain disks 
instead of coins in which both a and n were farther to the right. 
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Overestimation of tho eizo of more valuable coins, rather than of their numerosity in 
groups as shown here, was also ascertained by Fa2il, but differences between rich and 
poor subjecte were not studied prior to the study of Bruner and Goodman ( 1947). 

Zuk-Kardos had found that a newcomer who "knew" the value of Aus
trian stamps but had nOt yet developed a second-nature type of handling 
familiarity with them did not show value constancy or the corresponding 
illusion of number. By using both American and Canadian stamps with both 
American and Canadian subjects, Ansbacher (1937) was able to confirm the 
crucial part of our results as well as further aseertain the role of familiarity. 
The autonomy of perception and of perceptual learning will be discussed in 
greater detail in § XVII. 

Standard 

,............-_/! 
................. / i .....-......... ./ : 

,......... / I 
V ..,..- A/. :N ··< [!} ~®-v 

0
r." n 

Number in 1 
comparison group -+1---llf---+1 -11--llf--t-1 -il-+1-t-1 -+1-+1-IHI---j::-~1:---!::1 -:--
(log. scolel .J 4 5 6 7 8 9 10 12 14 1618 20 .JO 40 50 

-----1 Range 

Fig. 24. (From data by Fazil, after Brunswik, 1934.) 
Three-polar Presmlalicm of N1JIIII.be'f· 1 .d. rea- and Yalue-COMianoy tu in 

Fig. t3, Adding Ranges. 

4. THE PERCEPTUAL SYSTEM AS A..--. INTUITIVE STATlSTIOIAN: 

THE PERCEPTION OF V ARJABU.ITY 

At first glance the constancy achievements hitherto presented appear like 
simple computations involving but a few constituent variables and univocal 
relations between them. Yet the fact that systeJDS of alternate cues possessing 
limited ecological validity may be involved in the "registering" of sueh cir
cuJnstances as distance or illumination injeets a statistical element into these 
implicit computations. The performances in social perception reported in 
§ VI are strongly suggestive of statistical integration processes. Attneave 
(1954), and Hochberg and ~:IcAlister (1953) have recently made much of the 
statistical nature of form perception. This may involve the ability of the 
organism to utilize simple lawful relations that hold within certain groups 
of stimuli in the visual field (say, within part of the contour of an ink 
bottle)-"locallaws" as this writer (1934) has called them. Or it may in
volve the organism's ability to impose such relations upon an incomplete or 
recalcitrant stimulus eollective. I vo Kohler's findings with distortive spec
tacles (1951) benefit from interpretations which compare the "frequent" 
and the "rare" in our surroundings. It may even be that perceptual compro
mise is but one of the manifestations of the uncertainty of the ecology and 
of the resultant basically statistical nature of perceptual functioning. 

All this presupposes that the perceptual system be capable of tacitly evalu-
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ating the statistical properties of ·groups. It is therefore fitting to conclude 
this chapter with a brief report of a study by Hofstii.tter (1939) in which 
the absorptive and representational power of the perceptual system relative 
to sets of data and to concepts usually considered the exclusive domain of 
the statistician was made the major topic. The execution was under the aus
pices of the constaney problem. Groups of randomly arranged sticks of equal 
thickness but varying length, held together in bundles by a rubber band, 
were used in all the experiments. Results based on about 30 subjeats revealed 
that not only can such higher-order variables-as Gibson would call them
as the mean or the standard deviation be appraised intuitively, but that per
ception spontaneously progresses from there to an intuitive appraisal of the 
coefficient of variation (V = S.D.jl\:Iean as defined by Pearson) . 

In one of Hofstiittor's series a Standard bundle of five sticks ( 4, 6, 8, 10, and 12 em 
long) was compared with n Comparison series of nine bundles, No. 2 of which (20, 18, 16, 
14, 12 em) represented the P OE as to standard deviation, and No. 1 of which (24, 20, 
16, 12, 8 em) represented tho POE as to coefficient of variation. The average PSE was 
at No. 6.3. This yields a "perceptual V-consta.ncy with mean length variant" of .86 
(in terms of the logarithmic constancy ratio) . As can be seen from the bottom curve in 
figure 25, the compromise of V-constancy with S.D.·constancy is in this case revealed by 
skewness only, while the mode eoineides with V -constancy. 

Hofstiitter proceeded to a systematic untying of a proportionality tactor which was a 
surreptitious aid to V-eon11tancy by substituting other Standards with the same S.D. but 
different shape of di4tribution (one S', composed of 4.7, 6.7, 7.3, 9.8, 12.5 em, and the 
other, sw, composed of 4.5, 5.0, 8.5, 10.5, 11.5 em) . This diaeritieal deeign led to partial 
reduction of V -constancy to the less complex S.D.·eoastancy; there is a marked second 
mode for sw at S.D. = const., and the perceptual S.D.-constaney with mean length variant 
reaches .56. 

Even eight- to ten-year-old children perform well on such tasks (provided 
that a translation of the instruction into suitable terms of the child's daily 
experience can be found). Furthermore, statisticians with years of experience 
succumb to the same illusions as the other subjects. Still further, there are in
fluences from iJ.:relevant factors (such as thickness), and the correlation be
tween intuitive performance and intelligence tests measuring related abilities 
is low. All this supports the view that the performances are essentially per
ceptual in character rather than being in the nature of a stimulus error based 
on an intellectual approach. 

In particular, it was possible to a.seertain that the perceptually just noticeable differ· 
ence for standard deviations lies somewhere in the neighborhood of .08. Furthermore, the 
exponent applied to the devintions in the implicit perceptual computations could be recon
structed from the results; usunlly it is not 2, a.s in the customary mathematical formula, 
but tends to be lower (l. or oven %) if there is a good deal of variation in the middle 
range and higher (up to 6) where variation is concentrated at the extremes. 

In another publication, Hotstiitter (1940) has applied some of his ideas to a study of 
the formation of the reputation of the intelligence level of regional groups, using reeruits 
from the various provinces of Austria.. He found an interpersonal mechanism of statistical 
information-gathering at work in which personal eontact playa a. minor role. In view of 
his finding that emotional factors tend to exert a distortivo influence (such as in the 
overestimation of one's home province) 1 the conclusion that reputation may be used as e. 
substitute for direct fact-gathering seems to overshoot the goal, however, at least where 
aoeial responsibilities are involved. 
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The present chapter has assembled evidence of the impressive versatility 
of the pereeptual system in seeking out the relevant factors or eompounds 
in the environment however remote they may be or however complexly they 
may be constituted logico-mathematically: At least this is what seems to 
follow from a casual eanvassing of the possibilities eoneerned. 

Percent 
of subjects 

32 ~S.D. • const. 

24 

16 

16 

8 

0 
23456789 

Comporison object No. 

Fig. 25. (After Hofstatter, 1939.) 
Intuiti11c E8timate8 of 'P'arial>ility. 

XIII. DEVELOP)flJ:..'l'TAL ASPECTS OF THE CONSTANCY PROBLEM 

In this chapter we will take up developmental problems in the field of the 
eonstaneies. From ontogenesis we will proceed to the artificially telescoped 
developmental sequences furnished by practiee experiments; from there we 
will move on to suggesting an over-all scheme of perceptual differentiation. 
This scheme will be used, in the subsequent chapter, for a functional differ
entiation between perception and thinking. In all this we will cut across from 
one distal variable (type of constancy) to another and from one sense de
partment to another in the manner we have become accustomed to in the 
preceding two ehapters. 

1. ONTOGENESIS OF THE PERCEPTUAL CONSTANCIES 

A.'IO ITS ECOLOGICAL GE..'IERALITY 

As we have seen in discussing intercorrelations and reliabilities in the 
area of the perceptual constancies (p. 22 f.), thing constancy does not seem 
to be a highly unitary funetion in the sense of differential psyehology. This 
does not imply, however, that group trends should not exhibit greater uni-
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formity when ecologic.al eomparisons involving different kinds of focal 
variables are the issue. Figure 26 shows the results of three studies in the 
development of the constancies. The constancy rat-io is used to make the 
results more comparable. The first of the studies is by Beyr I (1926) and deals 
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Fig. 26. (From data by Beyr!, Brunswik, and 
Klimpfingor; after Brunswik, 1930.) 

Similarity of Developntent of ThreB Traditional Con.stanoies. 

with size eonstaney; disks and cubes were used at distanees ranging from 
2 to 11m. Another study is by this writer (1928) and deals with whiteness 
oonstancy by using a series of gray papers ranging from white to black set 
up at varying distances from a light source ("illumination perspective") . 
The third is by Klimpfinger (1933b) and deals with shape constaney. She 
had used an ellipse (20 em high and 30 em wide) rotated from the frontal 
plane by 33% o about its vertieal diameter as a Standard and a series of 
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f rontal ellipses as Comparisons; the B pole was at 30 em and the P pole 
at 25 em horizontal diameter. 

The age ranges in figure 26 are from 2 or 3 years up to younger and older groups of adults 
(A, and A,). Beyrl's data are limited to ages 2 to 10 and a group of rural adults (I). 
Since 13eyrl's original sample or adult subjects was too small :for signiiieance, E:limplinger 
(193311, p. 624) later tested 20 additional adults under somewhat different conditions 
(II); this value, slightly misplaced in this writer's original graph (1930), is corrected 
here. The dotted vertical lines in the figure refer to the boundaries of certain developmental 
phases distinguished by Charlotte Buhler (1931) which shall not further be discussed here. 
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Fig. 27. (After Klimptlnger, 193311.) 
Individual Differences in. the Development of Pe-rceptual Shape Oonstan.cy.

Curves are freehand fits to over·all trend in 313 subjects, age 3 to 70. 

The fact we wish to repeat here from oUl' preliminary discussion on page 
22 is the parallelism in both the upward swing and the regression of the 
curves. Both rise and fall are statistically significant for color (n = 232) and 
shape (n = 313; for breakdown by individuals see fig. 27) . As suggested by 
the freehand broken line in figure 27, a certain subgroup of adults (see 
below) may not participate in the decline. 

Note further the differences in absolute levels of achievement for the 
three kinds of constancy. This is occasioned in part by a "systematic" effort 
to obtain maximum interindividual differentiation by inducing conditions 
that will lead to intermediate levels of perfection. It is very likely, however, 
that the differences are in part "representative" of intrinsic differences in 
the difficulty of the functions concerned; obviously, size constancy benefits 
from gross depth cues while shape and color constancy must to a large extent 
fall back upon more subtle articulations. 

The policy of deliberately setting the over-all perfection of performance at a level lower 
than the optimum so that factors playing upon that level may be brought out more 
dramatically has also been followed in Holaday's experiment on size constancy.(§§V, XI). 
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This policy must be defended in view of the fact that some developmental studies whieb. 
had shown evenly perfect constancy performance, notably that on color constancy by 
Burzlaff (1931), were interpreted as indicating that constancy as a whole was perfect 
throughout (see this writer's Note in Klimpfinger, 193311, pp. 619-622; see also Kotl'ka, 

1935). 
For methodological augmentation ,ve briefly SUilllllllrize the results of a reeent study on 

size constancy by Dukes (195i) in which representative design was for the first time 
applied to a child, a 6-year-old boy. Figure 28 presents both design and results in a 
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Fig. 28. (Rearranged from Dukes, 1951.) 

Representative Study of Perceptual Size Ccmstan(>y in. a 6-Year-O!d Boy. 

12~ 

rearrangement that facilitates comparison with our figure 8. Like our adult subject, 
Dukes' boy was randomly interrupted in hie daily aetivity and asked to designate the 
object he was looking at; this was done 14 times, yielding an equal number of "Standards.'' 
Instead of a numerical judgment, the subject was asked in each ease to designate up to 
5 size-equivalents freely chosen from the field . This yielded an N of 67, involving all 
manner of objects, including houses and trees. Note from figure 28 that the subject chose 
she-equivalents f rom di.stanees often greatly at variance with the distance of the Stand· 
ard; in other words, he did not prefer the greater alleged "ease" of sta1ing within the 
same distance for each act of comparison as would have to be erpeeted in the tradition of 
classical psychophysics. 

Figure 28 reveals the preponderance of vertical over horizontal error components, 
indicating that pereeptual equivalences are fairly accurate as to bodily si~ while 
reflecting but little the equivalences as to size of retinal image. The correlation of the 
responses with bodily size is .991 (compare with similar values in our fig. 9), but with 
retinal size it is close to ~ro (.09) . 
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2. TELESCOPED DEVELOPME:NT AND DIFFERENTIATION OF THE 

CONSTANOillS THROUGH PRACTICE 

Another experiment by Klimplinger (1933a), using the same shape-con
stancy setting with tilted and frontal ellipses as in her developmental study 
just reported, undertook to investigate the effects of attitude and practice. 
Five adult subjects went through thirteen sessions spread over the period of 
a month. There were two series in attitude b in each session, and two addi-
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Fig. 29. (Alter Klimptingor, 1933a.) 

lnftuencB of Practice upcm Perceptual Shape Constancy. 

tional series in attitude p in five of the sessions. The practice was unrewa.rded 
in that no information as to the correctness of the responses was given out. 

F igure 29 shows the results. They give the picture of a telescoped type of 
development. To the summary given on page 22 we may add that the eventual 
downward swing of the p-curve is preceded by a slight upward trend. This 
trend, following as it does the direction of the b-curve, may be interpreted 
as a lack o£ differentiation in the earlier stages of our practice development. 
In the later stages p becomes more and more differentiated from b, which 
means that both attitudes show improvement relative to their own respective 
poles of intention. 

For comparison we present come additional data lrom the study by Mohrmann on 
loudness constancy reported in § XI/2. A survey of results of some series that were 
repeate_d on three sueeessive days (fig. 30) shows & trend si.milo.r to the first part of 
the Klimptlnger graph; her over-aU results thus do not seem to be ecologically .fully 

87 

Part Two: Distal Aim 

generalizable but contingent on content and/ or the position of the respective function in 
the developmental hierarchy. 

In both figures 29 and SO, repetitions of the same series within one session are joined 
by heavier lines within the curve. We notice a rather consistent trend toward exaggerated 
progress along the main direetio.n of development for the respective attitude at the given 
period of time. With few eieeptions the heavy portions of the curves rise rather markedly 
where the ovor·nll trend is upward and drop markedly where the over·all trend is downward. 
This fact brings out a recency effect in the telescoped practice developments of the 
constancies. 
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3. A GENERAL DEVELOPMENTAL SCHEME OF PROXIMAL VS. DISTAL RELATEDNESS 

An ecological integration of the developmentally relevant facts presented 
in the present and in the preceding two chapters is attempted in figure 31. 

Since distal focusing t·equires a complex instrumentarium, we must assume 
undisturbed proximal relatedness at the beginning. This may be illustrated 
by Ue:dctill's example of the sea urchin (fig. 11), by von Senden's (1932) 
data on the highly defective space perceptions in cases of operated congenital 
blindness (see also Hebb, 1949), or by the writer's and Cruikshank's (1937; 
for full report see Cruikshank, 1941) finding of a complete absence of size 
constancy in children at about four months of age. 

.AB we have said (p. 22), there are some inklings of a beginning develop
ment toward size constancy at about six months. But it must be assumed that 
attitudes are not very well differentiated at early stages of each of the 
various constancies. In adults Stevenson was able to capture volume- vs. 
surface-constancy in such an early stage in connection with some eases of 
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drastic shape discrepancy (cubes vs. sticks; fig. 22). The fact that constancy is 
meager and variability high under such circumstances, and that in addition 
subjects find the task difficult and unpleasant to the point of embarrassment, 
bespeaks the fact that the perceptual system indeed functions at a lower 
level in such tasks. 
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Fig. 31 
Sohenut. of Cognitive Differentiation, with E%amples. 

Limited differentiation with a great deal of compromise is given by 
Mohrmann's results, discussed in the preceding subsection, by Stevenson's 
results with fiat objects, and by the first half o£ Klimpfinger's practice 
experiment. 

'l'he second half of Klimpfinger's experiment marks the beginning of fuller 
differentiation, one that in addition may be cultivated by differential practice. 

The group of ontogenetic curves with their eventual r egression is fitted to 
the upper of the two differentiating branches. 

Toward the right-hand end of figure 31 the two theoretical developmental 
curves are joined with the respective poles of intention, the distal at the 
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top and the proximal at the bottom. This is an idealization, at least so far 
as distal perception is concerned. As we have seen, even in the most advanced 
forms of perceptual constancy some compromise remains; we have under
taken our r epresentative design in size constancy (1944; summarized above, 
pp. 43-48) to find out whether or not this compromise tendency really holds, 
and came out in the affirmative. But as we will see in the next chapter, our 
idealization may be of greater cogency when applied to the case of the higher
order analogue of perception among the cognitive functions, that is, to 
thinking. 

XIV. PERCEPTION A..'\D THINKING 

In this chapter we take temporary leave of questions of representative 
design and of its various approximations in order to follow up some of the 
implications of our developmental scheme with respect to the general problem 
of the interrelationships between perception and the intellect proper. In this 
context we will also turn to the classification of perceptual attitudes and 
their relation to the so-called stimulus en-or. 

1. COMPR.OMISE VS. POINTED DISTRffiUTION OF RESPONSE 

Perfect attainment of the distal pole in figure 31 is possible only if the 
laws of physics are being applied to all the situations in question. The par
ticular law involved in the case of size constancy has been stated at the center 
of the left-hand side of figure 10 (p. 51) . It is easily seen that it can be 
applied only if a series of relevant conditions in the external medium is 
known. Only then can the confirming cases of a cue be sifted from the 
infirming cases, and a single cue-say, for distance- will suffice where per
ception needs many. A foolproof ascertainment of distal variables thus 
requires not only knowledge of the law but also manipulation and locomotion; 
there is no time for such instrumentality in "instantaneous" perception, 
let alone the availability of the law. Only the measuring and computing 
physicist can be reasonably "certainty-geared;" intuitive perception must 
remain "uncertainty-geared." Since perception is not equipped with the 
necessary added information, its performance must depend on relatively 
superficial and stereotyped cues of limited ecological validity, preferably 
a multitude of them; attainment can never be ideal under such circum
stances. Even if on the average attainment of the pole should be perfect, 
considerable variability would remain as a result of the intrinsically limited 
validity of perceptual cues for distance or bodily size. 

The distinction between certainty-geared and uncertainty-geared func
tioning is one by definition. But its concrete use in distinguishing between 
thinking and perception should be illustrated at least by example. We have 
therefore constructed a task in size constancy in two eorresponding versions, 
one involving a typical case of perception and the other a typical case of 
arithmetic r easoning (for brief reports see Brunswik, 1948, 1954). In both 
cases 8 em was the distally correct response (B) and 16 em was the objective 
proximal equivalent (P). In the perceptual version a stimulus situation was 
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actually presented in the laboratory, with the normal array of distance cues 
left intact. In the intellectual or "thinking" version the question was made 
part of a subsequent examination, giving such numerical indications about 
the situation that the correct answer could be univocally ascertained. Par
tially overlapping groups of undergraduates (n = 28 and 27, respectively) 
served as subjects. All had been previously given an explanation of the 
problem and had been informed of the major trend of results of experiments 
in perceptual size constancy. 

Results of the perceptual version of the task (fig. 32, top) show the usual 
trend toward "approximate size constancy" (B-pole) tainted with the char
acteristic slight compromise tendency toward the opposite type of task, 
photographic correctness (P-pole). All responses (PSE's) fall in a compact 
and fairly normal frequency distribution, with the geometric mean at 8.95 
em. This corresponds to a logarithmic constancy ratio of .84. It is to be 
especially noted that, as is usually the case under ordinary conditions of a 
thing-constancy experiment, there is no particularly outstanding frequency 
of precisely correct answers. 

For the reasoning approach (fig. 32, bottom), on the other hand, almost 
half of all the answers (13 out of 27) coincide with Band thus are on-the-dot 
correct. A second discrete bar-of more moderate height, to be sure-repre
sents on-the-dot correctness relative to a second major potential task, one 
not actually asked of the subjects; this is the finding of the retinal equivalent 
(P). It demonstrates one of the typical pitfalls of reasoning, namely, the 
going off in the wrong direction by being right about something else. 

It may thus be said that while, in our case at least, perception lingers in 
the twilight zone of compromise, thinking shows some of the pointedness 
alluded to at the right end of figure 31. The intellectual approach, using 
measurement and calculation, thus appears to fulfill the ultimate ends of 
perception in a way perception itself is incapable of doing. In humans the 
two levels of cognition coexist, mostly in peace, sometimes in conflict. As we 
have mentioned on page 22, Werner has spoken of perception and thinking 
as "analogous functions" serving the same cognitive purpose at different 
developmental levels. The regression in the perceptual constancy curve after 
adolescence which we have discussed in the preceding chapter may be ac
counted for by the fact that in adults the needs for supreme accuracy are 
best taken care of by measurement and calculation, and that a modest drop 
in intuitive perception may thus be well afforded. 

All this does not mean, as we have seen, that thinking is without error. The 
second bal,', at (P), represents error in terms of the task actually w;ked for. 
I n fact, for all the answers giveu in the reasoning version of the task, the 
mean PSE (logarithmic) is 14.7 em, which corresponds to a c-ratio of only 
.12; and the S.D. is more than ten times that obtained for the perceptual 
version. 

The entire pattern of the reasoning solutions in figure 32 resembles the 
switching of trains at a multiple junction, with each of the possible courses 
being well organized and of machine-like precision yet leading to drastically 



92 

Design of Psychological Experiments 

different destinations only one of which is acceptable in the light of the 
cognitive goal. This pattern is ilh1strative of the dangers inherent in explicit 
logical operations. The relative ease of switching off at any one of a series of 
choice points in a basically linear, unidimensional, aU-or-none series of relays 
is at least in part the result of the precise formulation, yet relatively small 
number of basic cues, involved in most typical reasoning tasks. The combi
nation of channeled mediation, on the one hand, with precision or else gro
tesquely scattered error in the results, on the other, may well be symptomatic 
of what appears to be the pure case of explicit intellectual fact-finding. 

On the other hand, as we have seen, intuitive perception must simul
taneously integrate many different avenues of approach, or cues. Whereas 
distance is directly stated in the reasoning version, its perceptual "register
ing" must remain based on insufficient evidence, that is, on criteria none of 
which is foolproof or fully "ecologically valid." This of course makes for 
the task not being exactly the "same" in the two versions, but merely 
"analogous." It is the insufficiency of single cues which must be seen as 
responsible for the establishment in perception of "cue-family-hierarchies" 
(the phrase coined in analogy to Hull's "habit-family-hierarchy," see Bruns
wik, 1952, p. 19). For depth, such a series of cues is shown in figure 10. All 
of them must be seen as contributing to the result, often in competition with 
each other. 

A further feature, often noted by introspectionists in search of a distinc
tion between intuitive perception and thinking, is the flash-like speed of 
perceptual responses. It is a biologically very valuable feature, especially 
where life is constantly threatened by sudden danger or where chances of 
success depend on quick action. The almost instantaneous promptness of 
perception could hardly be achieved without the stereotypy and superficiality 
in the utilization of cues which we have noted and which makes for a certain 
intrinsic "stupidity" of the perceptual apparatus (see Brunswik, 1934, pp. 
119 f., 128, 223 ff.). 

The various rivalries and compromises that characterize these dynamics 
of check and balance in perception must be seen as chiefly responsible for 
the above noted relative infrequency of precision. On the other hand, the 
organic multiplicity of factors entering the process constitutes an effective 
safeguard against drastic error. Even with extensive statistical sampling 
of size-distance combinations under life-like conditions as we have under
taken it in § VII/3, the over- or underestimation as to bodily size was no 
more than three- or fourfold in the most extreme cases (see above, p. 47) 
and thus is ordinarily within the limits of 1f2 power of 10 when translated 
into the logarithmic terms of our figure; this contrasts with an order of 
magnitude of three powers of 10 for our extreme example of a reasoning 
error. Ordinary perceptual illusions are known seldom to exceed average 
values of forty per cent, and drastic fooling of perception is rare except 
under highly artificial conditions. As we must hold against recent criticism 
by Ittelson ( 1951), the "stupidity" of perception thus is by no means to be 
construed to mean maladaptiveness; as we all know, life bas survived on 
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relative stupidity from time immemorial, and ii threatened in its existence 
it is so by malfunctioning of the intellect rather than by malfunctioning of 
perception. 

Considering all the pros and cons of achievement, the balance sheet of 
perception versus thinking may thus seem seriously upset against thinking, 
unquestioned favorite of a culture of rational enlightenment as the latter 
has been. From the point of view of strategy, perception would likewise ap
pear to have gained in stature by our realization of its inherent "vicarious 
functioning." So long as we accept, with Hunter (1928) and Tolman (1932), 
vicariousness as the foremost objective criterion of behavioral purposiveness, 
perception must appear as the more truly behavior-like function when com
pared with deductive reasoning with its machine-like, precariously one
tracked, tight-rope modes of procedure. The constantly looming catastrophes 
of the intellect would be found more often to develop into catastrophes of 
action were it not for the mellowing effect of the darker, more feeling-like 
and thus more dramatically convincing primordial layers of cognitive 
adjustment. 

Ending on a note of caution, we should like to stress that the representa
tiveness of our two versions of a common cognitive task is open to some 
doubt. Many specific conditions could be listed under which it is perception 
which is bizarre while it is thinking which is mellow and given to compromise. 
Aside from deductive considerations, only representative design could defi
nitely prove us right or wrong in our conjecture that the juxtaposition which 
we have presented is more typical than its reverse. 

As mostly in this book, however, our major aim is not content but the 
demonstration of methodological possibilities. In the present case this is the 
possibility of raising the distinction between psychological functions from 
the traditional introspectionistic to a more objective level by the use of a 
comparative statistical analysis of the strategy and of the achievement of 
cognitive functions in terms of error distribution. 

2. STATISTICAL SEPARATION OF ATTITUDES 

The separation of perception and thinking is but one of a number of 
disjunctive steps that may be taken in the functional classification and group
ing of cognitive processes. A more subtle type of analysis concerns the 
separation of attitudes within the specific framework of perception. We shall 
now attempt such a separation in basically the same manner in which we 
have just attempted to separate perception from thinking, that is, by con
sidering the distribution of response or error. 

As will be remembered, Klimpfinger's (1933a) experiment on practice in 
shape constancy, presented in § XIII/2, involved two different modes of field 
structuring within the perceptual system proper. One was centered about 
"distal" bodily form, the other about the form of the photographic projec
tions of the bodies concerned. In figure 33 the frequency distributions of the 
two respective sets of judgment-s or PSE's are shown in the same manner as 
in the practice curves (fig. 29) . Since the analytic, sensorial attitude, i.e., 
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the attempt to suppress the natural mechanism of shape constancy, was 
induced less frequently than the natural attitude, the corresponding fre
quencies have been multiplied by a constant factor to obtain comparability. 

If we forget for a moment that different instructions were given to elicit 
the two attitudes and also renounce efforts towards an introspective ascer
tainment of attitude taken, there is nothing left but the composite curve 
enveloping the two component curves. Its bimodality, which is clear-cut in 
spite of the leveling effect of the systematic improvement that takes place 
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with practice (see fig. 29), may be taken as an objective, statistical criterion 
for the existence of two distinctly different ways of perceptual field organ
ization or stimulus evaluation. 

One may even go one step further. The right-hand component curve is 
skewed to the left. It was established that this holds to a statistically signifi
cant degree (p better than .001). Such skewness may be used, again without 
recourse to introspection, in an attempt to spot at least some of the instances 
in which there was no understanding or no obedience to the instruction in 
question. With skewness extending under the mode of the p-curve, we must 
assume that the analytic attitude was mistaken for the desired natural 
attitude, b, in the cases represented by the tail. 

So long as only attitudes b and p are involved, we are clearly moving 
within the framework of perception proper. We now turn to another experi
ment (for brief advance report see Brunswik, 1948) in which critical (or 
"betting") attitudes calling for the cooperation of the intellect proper were 
also involved; in addition, different avenues for the piping in of relevant 
information were used so that the effect of a compounding of perception and 
abstract fact-gathering could be studied in some detail. 

As described in figure 34, an experimental laboratory class did the Miiller
Lyer experiment first in the ordinary natural whole-perceiving attitude 
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toward length ( l) . As in all parts of the experiment, the series started from 
settings opposite to the expected illusion (negative values in the figure) so 
that any possible effect of "adaptation level" would work against rather than 
in favor of the illusion. Next, a poll of the results was taken and an evalua
tion given. Group A was then told about the average magnitude of the 
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illusion in abstract, numerical terms only by giving the mean per cent 
deviation of the group-PSE from the Standard (23.4, as indicated in the 
figure). Group B also was told its own group error (23.7, very close to that 
of group A); but in addition it was exposed to a perceptual demonstration 
of the correct setting and of the mean illusion setting, vividly supported by 
actual measurement of the correctnes of the former and the incorrectness of 
the latter. This measurement was performed in front of the class and quieted 
even the most tenacious doubters. 
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For both groups there followed a further experimental series in critical 
or "betting" attitude (2), asking for deliberate stimulus error in the sense 
of a superimposition of intellectual control over perception proper. As be
comes clear from the broken curves in figure 34, group A retained a sizable 
illusion (mean= 8.8) in au obviously unharmonious, bimodal distribution 
which may be taken to reflect underlying conflict between perception and 
abstract knowledge as two distinct cognitive functions. Group B, on the 
other hand, with additional memories of the perceptual unmasking of the 
illusion to support its abstract knowledge of truth, was able to integrate the 
latter more fully with perception proper. On the average it almost fully 
compensated for the illusion (mean= .6) . The critical ratio between groups 
A and B on (2) is 2.87. In addition, the distribution for group B shows 
remarkable unimodal clarity in spite of its skewness extending under the 
modal area of (1) in a manner similar to figure 33. 

A return to the original, naive-realistic attitude, required as an additional 
judgment on each presentation of the critical series, was also induced in the 
subjects. Results are presented in the thin solid curves (3). A comparison of 
groups A and B shows that such a return is-to a statistically significant 
degree (CR= 2.75)-less feasible for group B, for which the natural illusion 
had been upset not only by the relatively alien intellectual information but 
in addition by the more closely allied process of actual perceptual measm·e
ment. 

3. THE AUTONOl'>IY OF PERCEPTION: PERCEPTUAL AND CRITICAL ("BETTING") 

ATTITUDES AND THE STIMULUS ERROR 

The relative functional "autonomy" of perception as held against the 
intellectual, measurement-calculational approach to reality (see Brunswik, 
1934, pp. 118 f. , 127) has been amply demonstrated in the past. It is evident 
not only in all cases in which intuition and "immediacy" are in conflict with 
''better" knowledge and wisdom (not always better in fact, as we have seen), 
but is also brought out experimentally. Examples are furnished, among 
others, by the more or less pronounced persistence of the perceptions of social 
objects or of the various geometric-optical illusions in the face of knowledge 
to the contrary, the relatively slow acquisition or extinction of new per
ceptual cues with artificial changes in the ecology (see § XVII) and by the 
attendant phenomenon of "learning without awareness." The functional dis
creteness of perception and thinking has also been brought out by our 
experiments reported in subsections 1 and 2 of the present chapter. 

Yet the term "relative" must be stressed in speaking of the autonomy 
of the cognitive functions. They are to each other not like one planet is 
to another, but rather like the left and the right bank of a city, separated by 
a stream yet connected by bridges if only at certain points and for a limited 
volume of traffic. The experiment on the :M:iiller-Lyel' illusion reported in 
subsection 2 was designed to bring out some of this cross-cognitive traffic. 

The distinction between cognitive functions of different levels as well as 
that between attitudes within the same function has traditionally been in a 
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bad way in psychology, however. In Part One we have noted the fact that 
even some otherwise outstanding investigators have been more than casual 
about inducing the proper attitude in constancy experiments or have failed 
to state clearly which attitude they intended to induce. The example given 
on page 23 concerning lack of clarity even as to the pole-variable used in 
evaluation is but a particularly drastic case out of several that could be 
quoted. 

The notion that any departure from the most natural, or "nai:ve," per
ceptual attitude implies leaving perception altogether in favor of the intel
lectual approach and thus implies a "stimulus error" is widespread, even 
in otherwise sophisticated texts. Wundt's concept of stimulus error has been 
renamed "object en-or" by Tit.chener and defined as attending to and report
ing the object or the objective fact, rather than the {proximal) stimulus or 
the simple sensation that was assumed to correspond to the stimulus. The 
concept is ill-conceived in view of its doctrinaire association with structural
ism and the "constancy hypothesis" assuming a one-to-one correspondence 
between stimulus and sensation. In fact, under this point of view the natural 
b-responses could be-and have been-accused of being fraught with a 
distal stimulus error; while p-responses could be accused of a. proximal 
stimulus error. In reality both are but different modes of structuring within 
perception proper while the stimulus error refers to an (illegitimate) intru
sion of intellectual processes. 

In order to help clnrify these matters, we reproduce here the inatntctions given in our 
survey of size constancy (1944, p . 4 f .) for tlte two purely perceptual and tlte two part
intellectual (''betting" or critieal) attitudes: 

(1) Naive perceptual attit-ude, b: Give your estimates on tlte basis of your first impres· 
sion of tlte sizes of the objects in question. You should consider the sizes of the "things" 
as seen in the ordinary attitude of daily life (not projective sizes relative to your location) . 
Do not let yourself be inftuenced by your abstract knowledge about, or memory of, the 
sizes of the objects in question, or of optics, etc. 

(2) Analytical perceptual attitude, p: Try to perceptually analyze or to disintegrate 
the scene, in the way a painter would have to see it in order to be able to draw a perspee· 
ti vely correct picture-in other words, try to estimate visual angles, or the relative sizes 
of the projections of the objects as they eould be measured on your retina or on a photo· 
graph with the camera set up where you are standing. Relate your judgment to an 
imaginary meter stick in a frontal plane at one meter distance from the eye. That is to 
say, the judgment should refer to the extension, apparently cut out on an imaginary 
frontal plane at one meter distance, by the light rays issuing from the object into the 
eye (but, of course, without the Ufje of instruments such as a pencil held in front of the 
eye) . As in attitude (1), however, you should rely exclusively on perceptual appearance 
after the field has beeome reorganized in the fashion described. 

(3) Reali$UC betting attitude, b': As in (1), concentrate upon 11things." This time, 
however, critically superimpose upon perception all abstract knowledge available to you. 
Take the attitude you would have if you were to bet upon the sizes in question to the 
best of your knowledge. 

(4) .Analytical betting attitude, P': As in (2), try to compare retinal (projective) 
sizes, again in relation to an imaginary meter stick at one meter distance. This time, 
however, take a betting attitude analogous to (3). 

As can be seen, the explanation of the attitudes to be taken is not an easy or brief task 
and requires discrimination on the part of the subject. It may be aided by pictures demon-
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strating the various aspects of reality to be compared (such as fig. 70 in Gibson, 1950). 
It is advantageous to explain nil the attitudes at the same time so as to show that only 
the betting attitudes involve an intrusion of intellectual processes (and do so on purpose). 
By actually inviting the stimulus error in these latter two attitudes we may help to prevent 
its oecurrenee in the first two. 

The differences in the results of the purely perceptual and the correspond
ing betting attitudes bespeak the success of keeping thinking out of per
ception at least to a certain extent. Table 3 brings together all the relevant 
results cited in this book. It shows that even perceptual attitudes already 
focused on a certain variable may be further differentiated-such as in the 

TABLE 3 

PERCEPTUAL A:-10 CRITICAL ("BETTING") ATTITUDES AND THE DElFINITION 

OF THE "STIMULUS" 

f."ote that for the MUJler-Lyer experiment fringing area (P), being more global than 
length (L), has been paralleled here with the distal variable (B) rather than with (P). 
For the last of the experiments listed the F-pole has not been speeifically ascertained.] 

Func:tione or attatud.es 

Size confta·T'.cy 
Hol$day Laborat.ory 

demoook. 
cs.. p. :m 

c-rat ioa (Jog) 

Purely intellectual 
(Measurement-computational 
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intellectual .... ... b' .94 

Purely perceptual. . .. . . . . • .... . b .86 about .9 

Purel11 perceptual . . ... ..... ... . p .39 about.6 
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intellect-ual ... . ........ .. ... 'P' .25 about.2 

(Mea.aurement-computational 
Purely intellectural I 
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Miiller-Lyer experiment reported in Part One-and that the superimposed 
intellectual function may either be left relatively speculative or reinforced 
by specific information; this latter may in turn be further reinforced by the 
memory of the perceptual impact of a measurement demonstration (see the 
discussion of fig. 34 in § XIV / 2). The purely intellectual, measurement-com
putational approach at the same time constitutes the de.finition of the 11stimu
lus" (or of the respective poles of intention, designated by capital letters 
throughout our presentation). So long as estimates deviate from accurate 
stimulus values, any existing "stimulus error" is likely to have been mitigated 
by a genuinely perceptual component, at least so far as the experiments 
reported in table 3 are concerned. 

The fact, mentioned on page 22, that betting attitudes tend to cut error 
approximately in half (or even in one-third) relative to the intended pole, 
and thus demonstrate the presence of a quasi-autonomous contribution· from 
outside of perception, is well brought out throughout the table. 

We must add that this finding seems not to be ecologically generaliuble beyond the 
visual area, even if it eould be proved to hold generally within that area. Mohrmann had 
introduced the betting attitude in some special series of his study on loudoell8 constancy 
(1939, p. 184; !or main report see abo\'e, § XI/ 2); his results were inconclusive on this 
point, pointing even to a slightly disruptive effect ot intellectual entanglement that did 
not rc.o.ch statistical signi1leanee, however. The possibility of eonstrueti"e integration of 
perception and the intellect thus remains in suspense so far as the less highly organized 
or the lower sense departments are concerned. 

XV. THE STUDY OF P RYSIOGXOMIO PEROEPTIO::-< BY 

SYSTEMATIC-REPRESENTATIVE HYBRID D ESIGNS 

As do many things alive, science grows at its seams. Rather than by the 
pursuit of the extreme or pure paradigm, progress is often carried by the 
straddling of lines. In some cases hybridization is merely a matter of inter
combination in the sense of reapplication, such as in representative desi:gn 
which grafts the controlled unconti·ol of statistical sampling upon the 
hitherto rigidly controlled content of experimental psychology. 

Yet, by fully espousing the statistical principles, representative design 
itself constitutes an extreme case as to form. In this capacity it becomes 
capable of hybridization in a second sense of the word, one that is more 
nearly a case of compromise or of intercombination between basic principles. 

The examples which we will discuss in the present chapter are in the 
no man's land between pure systematic and pure representative design, some 
of them closer to the former and others closer to the latter. They involve 
both combination and compromise between the two, and they do so in a 
variety of ways and to different degrees . .All of them are concerned with 
"physiognomic" perception, if this term is allowed to stand for impressions of 
person-like, animated qualities elicited not only by faces or face-like draw
ings but also by representations of the full human figure. The question is 
also posed as to how far down we may go on the ladder of resemblance to 
actual human appearance without losing the physiognomic quality of im
pression. The farther we can go, the more we may believe in the distal aim 
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of perception. In the case of physiognomic perception this aim extends in 
"depth of intention" (see Brunswik, 1934) beyond the overt distal region 
as covered by the ordinary perceptual constancies and into the covert distal 
region (see above, fig. 7). 

We will begin with an elaboration of the schematized face experiment by 
Brunswick and Reiter (1937) briefly referred to in Part One (p. 42) and 
proceed through various intermediate steps to an experiment by Wallace 
(1941, 1947) in which artificially distorted photographs of actual persons 
were used. The schematized-face experiment is a relatively systematic experi
ment and therefore is largely confined to what we have called the impression 
problem (pp. 29, 33, 50). This problem is concerned with the utilization of 
stimulus patterns by the responding system regardless of the correctness of 
such utilization in the particular or the general case. In other words, it is 
concerned with the functional correspondence of the r esponse relative to 
the proximal (or overt-distal) but not relative to the (covert-) distal stim
ulus. The distorted-photographs experiment, on the other hand, is relatively 
close to representative design and therefore more capable of interpretation 
in terms of distal achievement along with impression value. A number of 
other sequel studies of the schematized-face experiment will also be brought 
into the picture. Some of them will serve to illustrate the trend, characteristic 
primarily of the differential-psychological and testing tradition of this 
country, to build up the size or variety of the responder-populational sample 
(n) at the expense of the size or the variety of the ecological sample (whether 
this be a representative sample, N, or a mere multitude, M; for the use of 
these letters see below) . 

1. Tll.U~CATEI> FACTORIAL DESIO~ IN STUDYL"G THE IMPRESSIO!'r 

VALUE OF' SOHEltATIZED FACES 

At least tacitly, any physiognomic experiment envisages some kind of 
appraisal of distal achievement as one of its ultimate ends and thus is bound 
to the principles of representative design. Yet, the designing of the Brunswik 
and Reiter experiment (1937; see above, p. 42), begun in the early 1930's, 
was in the main still dominated by the ideology of the systematic experi
ment. I n certain respects, however, the design is tacitly guided by principles 
of representativeness. The original aim was to investigate the impression 
value of a number of prominent features of the facial geometry including 
their combination in patterns or "Gestalten." In the selection of these 
variables some consideration was given to their possible ecological validity, 
but this was done only informally. Actual photographs of real persons 
seemed unacceptable because of the large number of uncontrolled factors, 
a feature which under the auspices of representative design would be con
sidered an asset rather than a liability. Only a schema seemed capable of 
offering the desired control. It would permit the systematic variation of a 
limited number of factors, other factors either to be omitted or held constant. 
A first impasse developed at this point. It turned out that when constant 
features were added, such as hair style in a certain manner, all faces tended 

I' 
I 
j 

101 

Part 'l'wo: Distal Aim 

to look alike; on the other hand, the omission of too many constants, such as 
of the pupils in the eyes, tended to create a mask-like impression with much 
of the physiognomic quality lost. Both of these shortcomings are penalties 
for departing from genuine representativeness in the design. 

The standard or Norm face is shown in figure 35. It was arrived at after 
considerable preliminary trial and error and represents the best compromise 
in our attempt to avoid the fixation of the impression quality, on the one 

hand, and its impoverishment, on the other. In addition, it was selected 
among many of its variants as the most "normal" looking- another con
cession to representativeness. Still another decision made with an eye on 
representativeness was the choice of three levels of strength for each of the 
experimental variables so as to enable the design to bring out a suspected 
curvilinearity. This choice is shared with many factorial designs, to be sure. 
In our case there was the added note that a "normal"-looking standard was 
used in defining the center position. We laid stress on this feature of the 
design because it made possible an investigation of the old problem of the 
more favorable position, in physiognomic matters, of the mean as contrasted 
with the extremes. 

The number of variables eventually decided upon was dictated mainly by 
considerations of practicability, that is, by the limitations in the number 
of intercombinations that would still allow effective comparisons by the sub
jects (fig. 36). We tried to go as high as possible in this respect. Indeed, the 
experiment was influenced by the multipolar designs in thing constancy 
which we have discussed in §§ XI and XII, and was seen as an investigation 
in multidimensional psychophysics. The use of all (or rather, as we will see 
in a moment, of nearly all) intercombinations of several component features 
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seemed a rather obvious procedure in view of the fact that in a face one 
may easily find some factors that are independently variable while in our 
multipolar weight and volume experiments the factors considered had been 
rather interdependent. 

This brings us to a peculiarity of our design which is of coJlsiderable 
theoretical importance in precisely locating this experiment on the map of 
possible designs. It is given by the fact that two of the nine "noses" that 
would result from the use of all intercombinations of three "saddle" with 
three "tip" positions (fig. 35) turned out so unrealistic and grotesque that 
they threatened to spoil the seriousness of an already precarious attitude on 
the part of the subjects. It is at this point that our ignorance of Fisher's work 
on factorial design and its mathematical evaluation (1925, 1935) paid off. 
Unfamiliar with the advantages to be gained from an application of the 
analysis of variance to the results of a factorial design provided that it is 
complete, we omitted the two obnoxious noses (broken lines in fig. 35) for 
the sake of improved representativeness. 

Our design is therefore not a factorial design in the strict sense; it may 
perhaps be called a truncated factorial design. It is best visualized from 
figure 38. Instead of filling all nine cells, as we have done in the cases of 
the intercombinations of "forehead" with "mouth" with "eye," the entries 
are confined to a slanting area that leaves out two opposite corners. The 
relationship of the present truncated case to representative design proper 
becomes striking by a comparison of figure 38 with the design for our fully 
representative survey of size constancy presented in figure 8. Both show the 
natural obliqueness of imperfect relationships rather than the complete 
independence of factorial design or the perfect dependence of classical tied
variable design (fig. 4, A), even though in figure 38 a strange orderliness is 
superimposed upon the naturalness of the bivariate distribution which 
characterizes figure 8. 

On superficial scrutiny factorial design may appear ideal since all plots 
are filled while in representative design normally only part of the plots are 
filled; representative designs thus would seem readily extractable from 
factorial designs if anyone should wish to extract them, but not vice versa. 
The first catch is, as we have seen, that some of the intcrcombinations of 
variates may be incompatible in nature or otherwise grossly unrealistic. Of 
more basic importance, at least in some cases, is the fact that for the proper 
functioning of cue-object and means-end relationships existing ecological 
validities must be left undisturbed lest a distorted picture of psychological 
functioning be created. 

Lumping the remaining seven noses together, our design yielded 
3 x 3 x 3 x 7 = 189 facial schemas. The faces, together with their arrangement 
and designations, are presented in figure 36. The Norm appears in position 
H5. 

All faees had beon printed by means of an adjustable press so that tho identity of the 
constituent parts was maintained as closely as possible. The vertical diameter of the 
facial oval was 104 mm. The entire table was mounted on a well·lighted wall faced by 
the subject. 

103 

Part Two: Distal Aim 

According to a broadly conceived principle of representativeness the full 
range of physiognomic attitudes or response dispositions elicited by the 
schemas would have to be surveyed before deciding on the qualities of 
response to be asked of the subjects. A step in this direction has been taken 
when in exploratory demonstrations a limited number of schemas was shown 
to casual observers and their free descriptions were invited. These descrip
tions served as a guide in the final selection of the qualities to be judged. 
Some of the free descriptions were: 

H5 (Norm): Normal 
Pl : Karrowminded. 

G9 : J oyful, openhearted, yo11ng. 
T7: Old, embittered. 

P3 : Soft, sad, an intelleet~tal. 
D9: Sareastie, eale~t!Ating, a merehan t. 

(The reader will find enlargements of these faces in Brunswik, 1934, as also 
reproduced in Allport, 1937.) The seven qualities chosen for the main exper i
ment are shown in figure 37. 

Ten educated adults served as subjects. Only a single row or eolwnn w11.11 exposed at 
any one time. The subject was asked to rank each row and each column according to one 
of the impression eharacteristies or physiognomic qualities, the order of rows and columns 
being randomized in a different manner for each &llbject. Alter mllltiplying all the row 
ranks by 3 and all the column ranks by 7 to give them equal weight, the horizontal and 
vertical rank-scores were added for each taee and the snms converted into rank·indiees 
ranging from 0 for least favorable to 100 tor most favorable. The ranking procedure was 
repeated for each of the seven qualities. 

As was the design, our original evaluation was makeshift. By averaging 
the r ank-indices obtained from the ten subjects for each face and each 
quality separately, mean rank-indices were obtained. For apparent. in
telligence, these mean indices appear in -italics at the lower right of each 
face in figure 36. The mean rank-indices were then averaged in blocks, much 
as is done in preparing for an analysis of variance. Thus, within the first 
three groups of three columns each, any single point represents one-third of 
all facial schemas, that is, 63, whereas any point in the last group of seven 
columns represents one-seventh, that is, 27, schemas. 

In figure 37 the qualities are listed not in any predetermined order but in 
accordance with the greatest similar ity as to the over-all graphic trends in 
the respective curves so as to bring out their underlying affinity in the 
response system of the raters. Concerning the affinities between the various 
impression qualities in terms of the e::tternal conditions it is fairly clear 
from figure 37 that apparent mood and age tend to go together, while char
acter, likability and beauty form a second group, and intelligence and 
energy a third. Perhaps this can be set in parallel to the halo-effects men
tioned in connection with Experiment D in which photographs of real per
sons had been used (see p. 28 ff.). 

Turning now to the dependence of the various physiognomic qualities 
upon the geometric features varied in the schema we note that variation of 
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"mouth" elicits the most extreme responses, high mouth (chin) appearing 
as gay and young, low chin as sad, old, and bad. A note of ambivalence is 
injected by the fact that high chin, while favorable in some r espects, swings 
down to unfavorableness as we proceed to apparent intelligence and energy. 
Wide eyes and short nose exert influences somewhat similar to those of high 
mouth even though to a lesser extent. The longest noses are unfavorable 
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throughout. "Forehead" or brow, while likewise not differentiating between 
qualities, is uniformly favorable when of the high and medium variant. "Eye
separation" is almost without effect upon apparent intelligence. And for all 
facial features the medium variant tends to be on the favorable side, re
minding us of the "golden mean" so celebrated in antiquity. 

S.D.s for each of the 189 mean indices were estimated for apparent intelligence and 
were found to average 5.6. On the basis of this informal appraisal and with certain 
additional assumptions, differences in figure 37 may reach statistical significance when 
surpassing a few seale units. 

The analysis of "interaction" among facial features was left to still more 
informal means of evaluation than the study of the main effects reproduced 
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in figure 37. The attempt was confined to two relatively haphazard modes of 
approach. One consisted in the grouping together of some specified con
figuration patterns. This showed, for example, that "narrow" faces tended 
to appear especially sad, old and bad, "broad" faces especially happy and 
young, while faces in which the features were spatially far apart tended to 
elecit negative responses all along the line. 

The second approach to interaction consisted in a study of those indi
vidual schemas which incorporated in themselves the ideal additive com
bination favoring a certain impression. The presence of interaction was 
revealed by the fact that the expected effect did sometimes not even nearly 
come off. This was found true especially for intelligence and energy. 'rhus 
K6, a combination of all the extremely intelligent-appearing features (as 
is revealed by comparing fig. 36 with :fig. 37) was found to occupy but 25th 
place on the list of rank-indices; even more drastically G1, the ideal additive 
combination for unenergetic, is 90th from the bottom of the list for energy, 
that is, occupies a place just about in the middle of the list. 

2. AN IMPASSE IN THE APPLICATIO;:.< OF THE ANALYSIS OF VARIANCE 

It goes without saying that in the appraisal of the significance of the main 
effects, and of the presence of interaction as such, the analysis of variance 
furnishes a much more powerful tool than the semi-technical methods which 
we have used. But aside from the fact that informal methods may offer a 
more ramified picture of the Gestalt-type interactions with which we are 
here concerned, analysis of variance is confined to complete factorial de
signs and breaks down even in those modest digressions toward representa
tive design which is given in our case of a truncated design for the two 
"nose" variables. 

We may nonetheless carry out a routine analysis of variance21 for the factoria.Uy 
orthodox part of our experiment, that ia, for the variables "forehead"·hoight, "mouUl"
beigbt, and "eyo"·IIOparation. Sinee only the mean rank-indices a.s shown in figure 36 were 
available, higher·order interactions bad to be taken as the error term. Second·order 
interactions, all of which bad been found below significance in a preliminary analysis, 
were included in tho residual. As can be seen from table 4, all the main effects and part 
of the first order interactions are statistically highly significant. The order of importance 
for the lint tbr80 variables is (1) "forehead,'' (2) "mouth" and (3) "eyes." No formal 
test for the statistical significance of this order has been attempted, but an inspection of 
figure 37 will show that it agrees well with the relative steepness of slants in the graphic 
picture for these three variables so far as the rubric "intelligence" ia concerned. 

Turning now to the unorthodox, truncated part of the design which in
volves the two "nose" variables and which is, as will be remembered, the 
result of a compromise toward representativeness, we find ourselves in an 

"'Thi$ analysis, as well as that for tho truncated part of the design reported below, was 
undertaken, a.s part of a joint advaneed course in experimental psychology and design, 
by Profesaor Rheem F. Jarrett with the help of Dr. Robert Rollin. The analyais uses tho 
mathematical model or version in which constant values for the variables ani assumed. No 
technique seems M yet to have been developed for a test of the main effects against the 
significant llrst·order interactions with more than three variables in the alternative 
mathematical model known as v:uiancEH:omponent$ analysis; for beginnings aee Crump 
(1951) and Cochran (1951) . 
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impasse so far as the applicability of the analysis of variance is concerned. 
Analysis of variance demands that all plots be filled while in this part of our 
design, as we have seen, two opposite plots are unfilled (fig. 38) . Statisticians 
provide two ways out which may be applicable to situations like ours, even 

TABLE 4 
A.'I.U.YSIS OF V AlUASCI! 011' INTELLIOENCI! J UDOltEN'I'S FOR THE ORTHODOX 

FACTORIAL PART OP THE ScllBMATIZ&D FACS EXPERIMENT 

Souroo ol variabili~y 

Main effects 
"Forehead"-height. .......... . ... .. . ... . .. . 
"Mouth"-height . ... ........ . ..... . .. .. . .. . 
"Eye"-separation. . . . . . . . . . .. . . . .. . . . 
''Nose'' .......... . ..... . .. . . . . . . .. . .. . . . .. . 

First order interactions 
F X M ..... . ... . ..... . ... . . .. . ...... .. . . .. . . 
FXE .. . . .. ..... . . • . .. . .. .. .. .. ...•.. .. .. .. 
F X N ... . . .. . .. . .. .. .. . ........ . ... ...... . . 
MXE . . .. ... .. ... . : .. ....... .. .. . . • . .... • . . 
M X K... .. .. ........... .. ...... . 
EXN ..... . . · ... . ..... . ..... . . . .. .. ..... ... . 

Residual (second and third order interactions 
taken as error) . .. . ...... . .. .......... . . . 

SooBCE: Computed !rom dat. by Bru .. wik aod R<liler, 1037. 
• Stati.stic:ally eig:nHlco.nt between .06 and .01 Ieveli. 
• St.tiatically si&oili=~ at .01 level or ""'•er. 

TABLE 5 

A.>ULYSlS OF V ARIA:!ICE OF h"''ELUOENCE J UDOMES'I'S FOR THC TRtn~CATED PART 

OF TIIB Sclll)MATIZED FACI! EXPERUI&:!IT 

Featu.-.s ol "Nooe" aaaou...,.. of variabUity __ I o!~::'m ~-----Mean 
square 

-, "Saddle"... .... . .. .. . . . ....... . .• ... .• . . . . . . 2 
"Tip".... . .. ... . . ... . . .. . .. . . . . ... . . . ..... . . . 2 
Residual . ... •.. , .. , ... . ... ... , . . , . .. . , . . . . . . . . 128 

SoURCE: Comput.ad from origin•! d•t.a by Brun.twik •od Reiier, 1937. 
• Statistically sigoifieaota~ .Oilevel or botler. 

361.68 
807.86 

I 32.28 

Variance 
ratioP 

11 .20> 
25.03• 

though not without some intellectual trickery. One is the "missing plots" 
technique which would require the pretense that part of the experiment 
went wrong or that some of the data were lost but really should be there. In 
our case a second alternative was used, equally makeshift so far as applica
tion to our case is concerned, to v.<it, the so-called "unequal numbers in 
classes" technique (Kendall, 1951, Vol. II, p. 220 ff.). Zero frequency and an 
undecided score were assumed in the two unfilled plots in figure 38. As can 
be seen from table 5, both "saddle" and "tip" have highly significant main 
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effects. The present technique does not provide a test of interaction for the 
semi-representative type of design analyzed here. 

The impasse just described illustrates the need for a broadening of the 
analysis of variance so as to legitimize truncated designs, or else for the 
utilization or development of other methods of evaluation which would take 
care of fully representative designs also. We have already refuted the pos
sible argument that the artificial filling up of empty plots or areas in a 
natural design is feasible in the general case or is harmless or even bene
ficial. 

+ 

"Tip" m 

• • 
• • • 
• • 

m + 

"Saddle" 
Fig. 38. 

Truncated Factorial T.-(atm.ml 
of "No, e'' ill Bru11$1Dik and Bt~iters 
Schematued Fact~ E:;q~e.-iment. 

"3. THE GENERALIZA.BILITY OF THE RESULTS AND ALTERXATIVE 

MODES OF EVALUATION 

It remains to discuss the important problem as to what exactly is meant 
by the "statistical significance" of our results. It will be remembered that in 
Part One (p. 38 f.) we have distinguished between responder-populational 
and ecological types of generalization and of significance. The latter r equires 
the presence of an ecological universe from which the stimuli have been 
sampled. But in the case of our schematized-face experiment there is no 
such reference class; our 189 drawings therefore do not merit to be labeled 
anN, that is, a sample in the representative sense; they constitute no more 
than an M, that is, a mere multitude of cases with a highly questionable 
status as to what they may be able to stand for." At best, an M is an arti
ficial universe in itself, but this rechristening will not add to its generaliza
tion potential. Ecological generalization, in the technical sense of the term in 
which we would like to see it applied, can be made only on the basis of anN, 
never on the basis of an M. Whatever quantified significance our results may 
be able to claim is purely responder-populational in character, referring in 
our case in large measure to incidental fluctuations along intra-individual 

., Note that side by side with N the capital letter :M is used here instead of the lower· 
case letter m introduced on page 36 f. This slight rovisio~ in nomenclature has b_een 
decided upon so as to achieve uniformity in the use of eap1tal letters for all eeolo~real 
referents. Correspondingly, n and m are henceforth to ~e!er, respectively, to true samples 
vs. mere multitudes of respondents (or respondent-conditions) . 
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dimensions or a-variables (pp. 6, 33) which must be held responsible for 
much of our error term. 

We must therefore face the fact that such relatively minor modifications 
as a change in the shape of the "mouth". or the addition of hair may, in 
principle, affect the result rather markedly. In fact, all the things that were 
omitted or held constant in· the experiment add to this uncertainty of eco
logical generalization. This means that any expansion of our results to live 
faces could be done on the basis of non-technical plausibility arguments only. 

It is not even possible to say with precision how far the various lines and 
patterns in our schema mean what they purport to mean. For this reason 
we have made a point of always setting the respective terms in quota.tion 
marks. For example, whether "forehead" is taken to include the area to the 
hairline only or whether it means the full oval including the hair cannot be 
determined offhand. In our original publication we have speculated about 
such questions at some length on the basis of our results; in our particular 
example we have come forth with the suggestion that since low "forehead" 
creates the impression of age rather than of youth and older persons are 
more frequently bald, our "forehead" probably includes the hair. That 
"nose" could not stand for the anatomical nose has already been mentioned 
on page 42 in connection with the follow-up study by Samuels. Since further
more a reduced "tip" makes for the appearance of youth we may perhaps 
conjecture that "tip" really stands for tip rather than for the root of the 
nose (its intersection with the upper lip). This type of reasoning makes in
formal use of facts of ecological validity (e.g., hair as a cue to age) and thus 
touches upon the distal achievement problem; but it must be stressed that 
all this is done outside the domain of statistical evaluation proper. 

Compare this with the case in which each of the 189 schemas would be re
placed by a photograph of an actual person so selected as to match the 
features of the respective schema. This would be nothing but an expansion, 
from 10 to 189, of the procedure already employed by Samuels (1939) in 
the second of her two experiments (for further detail see below, subsection 
4). If the selection of the faces is otherwise fairly random-as it almost 
would have to be for practical reasons--another source of error variance is 
introduced which is of an ecological kind rather than being due to accidental 
inter- or intra-individual fluctuations. Although the new collection of stimuli 
still contains elements of systematic variation and thus 189 remains an M 
rather than becoming a true N, certain ecological generalizations ("applica
tions") or comparisons with previously non-varied variables now become 
somewhat more defensible. For example, if Samuels' contention that. our 
main effects are reduced to secondary importance when photographs are 
used instead of schemas, should be borne out for the larger M, we would have 
to accept her criticism that we had not chosen the most influential aspecf.c; 
of facial geometry for our systematic variations; at least this would be 
reasonable to conclude if in addition it could be shown that the levels of 
strength for our systematic variables were fairly evenly distributed over the 
range of natural variability of these variables. 
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With this latter stipulation in mind, it becomes questionable whether the 
hybridization of systematic and representative practices which would take 
place in our fictitious experiment would have much of a point left. There 
seems no cogent reason why not to proceed to an experiment of the type of 
Experiment D as described in Part One. Such an experiment employs repre
sentative variation equitably for all the variables of the facial ecology and 
not only for the "left-over" variables. A real and accurate test of the rela
tive utilization strength of the different ecological factors cannot be ob
tained in any other way. 

The analysis of variance is, at least in its present form, not a very suitable 
tool in the evaluation of representative data of this kind. A better way would 
be to proceed in the general manner of figure 6 and the adjoining text 
throughout § VI. The analysis was there not pressed beyond simple cor
relation; since both the impression values (utilizations) and the ecological 
validi ties were low even for the best of the facial cues we could find, no 
attempt was made to establish the rank order of their utilization strengths 
by the use of technical significance criteria. But it will be noted that both 
Nose-height and Forehead-height had stood out as comparatively valid in 
figure 6, and since these two cues also appear in our schematized-face experi
ment, Samuels' criticism of our selection of variables loses a good deal of its 
cogency. 

Further mathematical steps in the evaluation may perhaps be patterned 
after a model first introduced into the study of functional problems in per
ception by Else Frenkel-Brunswik in her analysis of clinical intuition (1942; 
1951, p. 362), that is, multiple correlation. For facial cues an example of 
such an analysis of impressional values was undertaken from the materials 
underlying our figure 6, using Nose-height (N) and Forehead-height (F') 
in relation to the response quality, likability (l). The intercorrelation be
tween Nand F' was ascertained as .27, and their respeetive impression valid
ities relative to likability as .30 and .28. The multiple correlation between 
Nose-Forehead and apparent likability is then computed as R 1 • YF = .41. 
Prediction of response even from low-utilization cues could be built up to a 
considerable e:rtent by such a procedure. And the same procedure could be 
used symmetrically for ecological validity so that eventually an understand
ing of the mechanism of the superordinate functional achievement arcs (cor
rectness, fig. 5) could be obtained. 

What, then, is left to do for factorial or other systematic experiments 
along this line T Unless one is willing to go into plausibility generalizations
always precarious in nature-or is satisfied with results confined to a self
created ivory-tower ecology, the answer is: not much, except an exercise in 
neatness. That there may be rewards in the field of differential-psychological 
problems, and that the struggle to cross the no man's land between systematic 
and representative design may be a challenging process of tentative enrich
ment and approximation in spite of the lack of rigorous generalizability is 
the theme of the remainder of this chapter. 
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4. DIFFERENTIAL-PSYCHOLOGICAL EXPANSIONS OF THE 

STUDY WITH SCHEMATIZED FACES 

The further studies using our schematized faces or their derivatives may 
be divided in two groups. In one the emphasis is on differential-psycho
logical or comparative generalization or specification; the number of sub
jects, n, is increased, and sometimes normals and the mentally diseased or 
adults and children are compared. Usually this goes with a drastic reduction 
in the number of faces, 1!. In the other group of studies the emphasis is on 
stimulus expansion, that is, on increased ecological representativeness in the 
sense of a more varied M. 

In the former group belongs the first part of the study by Samuels (1939, 
pp. 20-22), mentioned earlier in this chapter. Working under the direction 
of Gordon Allport, Samuels used ten faces that had been singled out by 
Brunswik and Reiter (1937, p. 128) as extremes on the impression scale, both 
desirable and undesirable. These faces are reproduced in figure 39; they are 
identifiable in their geometrical composition by their row- and column
designations as given in figure 36. Their positions from the top or bottom 
of the lists of mean rank-indices are given whenever especially extreme. 
Samuels' purpose was to check our results on a larger sample of 247 Harvard 
and Radclifl'e students, thus r eversing the nPf ratio from our original 
10/189 to 247/10 (see also above, p. 42). The faces were redrawn and pre
sented in paired comparison. 

These changes made possible the establishment of the inter-individual 
generality of a crucial part of our results, a purpose for which we have had 
too few subjects. Samuels selected one pair of opposites for each of the seven 
impression qualities. These are indicated in the left part of table 6 which 
also shows her results. The per cent agreement with the trend in our data is 
high. It ranges from 83 per cent "correct" (in terms of our Vienna findings) 
for the pair selected for likability to 96 per cent for the pairs for mood and 
beauty. The average is 88 per cent (as against a chance expectancy of 50 
per cent). There are no sex differences; the average for the 184 men in the 
sample is 88 per cent and for the 63 women it is 89 per cent. 

The same trend toward greater responder-populational variety while re
ducing ecological variety is evident in another of the American studies 
utilizing our schematized faces, one by Halstead (195la, 1951b). While 
Samuels had used normal college students, .Halstead attempted to develop 
the schemas into a test for brain damage or psychosis. He used only nine of 
the ten faces shown in figure 39. Omitted was S6, and the remainder were 
presented simultaneously in a three-by-three square arrangement. One face 
was to be selected for each of 14 characteristics, the desirable and the unde
sirable alternative on the seven impression qualities we had selected. Face 
J9 yielded no preference and remained unclassified. The remaining eight 
faces were classified in a simplified manner merely as to desirability. This is 
shown in the right-hand part of table 6 which also presents the results. For 
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the desirable faces the chance expectancy of being "correct" (in terms of 
our results) is 33.3 per cent, and for the undesirable, 50 per cent. 

Halstead reports (1951b, p. 124 f.) that his 158 brain-injured cases, 103 
psychiatric patients, and 102 normal controls showed "striking similarities 
rather than ... differences in the grouping of behavior." At the same time 

F3 M6 H6 $6 J9 

8WW8W 
Gay I Sf 

Young 3rd 7th 

Good 1St 4th 

Likeable 1st 3rd 

Beautiful 2nd 1st 

Intelligent !Sf 

Energetic 6th 8th 1st 

T7 W7 07 W4 G7 

w \3 (] (] \I) 
Sad 1st 
Old 1st 
Bad 6th 5th 

Unfikeable 3rd 1st 7th 
Ugly 6th 2nd 1 st 
Unintelligent 3 rd 7th 1st 

Unenergetic 1st 

Fig. 89. (After Brunswik and Reiter, 1937.) 
Soliemati-zed Faces Yielding Erxtrl!'rnely Desirable and Undesirable Impressions. 

the results are reported to agree with our original results in an average of 
80 per cent (against 33 per cent chance) for the three clearly "desirable" out 
of the nine faces selected, and of 86 per cent (against 56 per cent chance) 
for the five clearly "nndesirable" faces. (The agreement might have been still 
higher if the full differentiation of the original classification of the faces in 
terms of the seven impression categories had been maintained.) 
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Halstead adds that 11\ve are not clear when this process begins, but we have found one 
instance in which a child of four years and ten months required but slight translation 
of the trait names to show this conformity or stereotypy in thirteen of the fourteen 
judgments." In terms of the above agreement scores, this would correspond to a 93 per 
cent agreement. · 

The physiognomic impression values of our schomas thns seem to be n responder
populationally highly generaliza:ble characteristic, one that maintains itself even in the 

TABLE 6 

RESPONDER-POPULATIONAL ExPANSIONS OF THE ScBEMATIZEo FAC& EXPERIMENT 

Samuels (1939) Halstad U9Sl a , 19Sib) 

Faces used Faces used Per cent "correct." 
Impression 

Qualities 1------~----~ Perreot l------~-----1-----~------.-----

Desir
able 

Mood. .... . . .... F3 

Age............ H6 

Character . . . . . . M6 

Likability. . . . . . S6 

Beauty... . .. . .. M6 

Intelligence. . . . . F3 

Energy.. ... .. .. J9 

Mean ... . .... . 

''oorrcct'' 
judgmenllJ 

t:ndeolr- (247 &l Desir-
able able 

T7 

D7 

T7 

W4 

W7 

T7 

G7 

96 

84 

84 

83 

96 

89 

87 

F3 
M6 
H6 

Brain 
disease 

Undeoir- (168 Ss) 
able 

Moo tal 
mn .... 

(103&} 
Controls 
(102 &} 

D U D U D U 

86 92 90 87 86 95 

92 91 80 93 92 92 

T 7 77 81 80 76 83 76 
W7 
D7 77 82 73 84 68 89 
W4 
G7 86 85 · 84 84 86 86 

87 85 91 89 90 89 

64 86 56 85 60 86 

81 86 1 79 851-;--;-

face of severe brain damage and psychosis and that can be traced relatively far down 
on the developmental scale. 

Developmental and comparative data were also collected by this writer some years ago 
with children and adolescents from predominantly white, predominantly Negro, Chinese, 
and Indian·reservation schools on the United States West Coast. The variety of our 
sehematized faces was cut down from the full four·dimensional "checkerboard" arrange· 
ment of the original factorial design to a four-dimensional center "cross" organized about 
the Norm, H5. Thus there remained only nine dil!'erent faces, the Norm and one on each 
side of the Norm along each of the four major axes. As a step toward stimulus expansion of 
potential ecological relevance a new dimell8ion was introduced, "width of skull at the 
temples." The choice of this variable was prompted by Cleeton and Knight's (1924) 
finding th.at of many faeial variables considered, width of skull seemed the most promising 
as to physiognomic·ecologieal validity (r about .30, even if only with their relatively 
small N of 30). On the basis of a preliminary survey of the results (which have not been 
adequately analyzed so far ), there seems little reason to assume any momentous differences 
between the ages or racial groups which we have studied. 
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5. ECOLOGICAL EXPANSIONS OF THE STt:OY WITH SCUEMATIZEO FACES 

We now turn to the other group of sequel studies of the schematized-face 
experiment, those stressing stimulus expansion. In this group belongs the 
seaond part of the study by Samuels (1924, p. 22 f. and fig. 2), the part to 
which we have given some attention in subsection 2. It involves the use of one 
near-precise match for each of our ten impression extremes, the matches 
being selected from fairly standardized actual photographs in college year
books. Sixty student observers have yielded a "correctness" value still some
what above chance although sharply reduced when compared with the value 
for the corresponding schemas (from 88 per cent, see above, to 63 per cent). 

Samuels' technique represents a real effort toward ecological rapport, but 
the author is wise in interpreting her results merely as reflecting on the 
soundness of our original choice of variables, that is, as an indication of "the 
relative lack of influence of the Brunswik and Reiter cues in the real faces." 
We have already commented on this criticism above, and have done so with 
qualified approval. Any more assertive evaluation, however, might involve a 
fallacy, referred to in greater detail in §XVIII, which Hammond (1948, 
1954) has exposed in some social-psychological and clinical studies. In these 
studies no more than one or very few live represeutants per "person-condi
tion" (such as sex) were used when the persons were part of the situation 
(such as examiners in clinical testing), and these ecological person-conditions 
were treated in the manner of systematic design as if they were isolable 
"physical" conditions. Severe interpretational fallacies involving ecological 
overgeneralization were the result. Similarly, as we have said, the technical 
appraisal of the ecological generalizability of the relative weights of the 
variables of our schema bas not even begun unless a representative sample 
is used for each of the t.en schemas or, still better, a genuinely representative 
N is distributed over part or the whole of our M = 189 drawings. 

An intermediate step between our crude schema and a photograph is given 
by the type of dimensional enrichment offered in three recent studies from 
the University of Vienna as summarized and illustrated in a text by 
Rohracher (1952, pp. 145-148, figs. 31, 32). In each case the Brunswik and 
Reiter schematic faees were taken as the starting point of new variation. 

The impression value of the eye region was investigated by Kremenak 
(1950). She varied the size and shape (thickness) of the eyebrows, their 
distance from the eyes, and the shape of the eyes-to represent the slit be
tween the eyelids upon which Lersch (1932) bas laid such great emphasis. 
There were four shapes of eyes, ranging from a very narrow ellipse to a 
near-circle; four shapes of eyebrows, horizont.al, arched, slanting upward 
toward the side of the face, and slanting downward toward the side of the 
face; and three distances of the eyebrows from the eyes. The position of the 
eyes and the size, shape and positions of the nose and mouth were constant 
within our familiar standard oval-shaped outline. A total of 144 scbematized 
faces were judged on nine pairs of psychological attributes by 50 judges 
who were evenly divided between the two sexes. The attributes used were: 

r 
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good, sincere, careless, extraverted, gay, intelligent, energetic, handsome, 
likable, together with their opposites. 

Kremenak found that with her particular stimulus material the eyebrows 
bad greater expression value than the shape of the eyes. The shape of the 
eyebrows bad the m.ost infiueuce; the distance of the brows from the eyes 
was next. A face with eyebrows placed close to the eyes, the brows slanting 
upwar d toward the side of the face, was most often judged as bad and intro
verted. A face with arched brows and a wide distance between the brows 
and eyes was judged as unintelligent and extraverted. With certain con
figurations the results were close to unanimous. 

The mouth area was studied by Winkler (1951). She varied the shape, 
the height, and the angle of incline of the mouth in 238 configurations with 
50 subjects and the same dimensions of impression as Kremenak. Among her 
variables, the shape of the mouth was found to have the greatest influence 
on the expression value. A wide mouth-slit with a downward angle at the 
corners gave the impressiou of badness (maliciousness); a narrow mouth
slit denoted introversion; a wide mouth-slit with an upward angle at the 
corners led to judgments of carelessness. 

The impression value of hairline and of grooming of hair, beard and 
mustache was made the subject of a study by Seiller-Tarbuk (1951) . A total 
of 224 configurations was used. Within this material the way the hair was 
placed on the head had the greatest influence. Hair style (parted at side, 
parted in middle, without part, bald) and kind of beard or mustache bad 
decisive meaning only for the attribute pairs, gay-sad and energetic-un
energetic. Hair low on the forehead gave the impression of unintelligent, 
bad, and unliltable, while a higher hairline (also bald heads) gave the im
pression of intelligent and good (compare this with the discussion in sub
section 3); beardless faces were judged as more intelligent, good-natured 
and energetic than faces with beards. 

The ecological generalizability of these results, both as to direction of 
infiuence and as to relative strength of factors, is subject to the same limita
tions which we have discussed above for those of the major features of facial 
architecture which were varied in our own study. The crux in all these cases 
is that human appearance, and especially the face, constitutes as tight a 
package of innumerable contributing variables as might be found anywhere 
in cognitive research. This is what makes the face the choice paradigm for 
illustration of problems in multidimensional representativeness. Varying 
only as many variables as factorial design can handle implies, as we have 
seen, either the nullification of the others, which in turn leads to disengage
ment of the physiognomic response machinery, or their being held constant at 
a finite value, which in turn leads to fixation of impression. Taking up a 
few factors at a time obliterates a good part of configurational interaction. 
Only representative design can bring out the relative strength of factors as 
well as their interaction equitably; at the same time it can do so economically 
by confining itself to existing configurations. The situation is the same for 
all high-complexity problems of life and behavior. 
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A good aeeess to tho utilization problem is given by a study of the prnetiees of profes· 
sional make·up men. Moeb relevant information ean be found in sueb eompendiums as that 
by Strenkovsky (1937). 

6. STUDIES PICTURI~G THE FULL HUMAN FIGURE : 

IMPRESSION AND ECOLOGICAL V ALIDI'rY 

.As was pointed out earlier in this book ( § VIII, p. 49) the only physi
ognomic cue with well established, even though low, ecological validity rela
tive to tested intelligence is height (and perhaps also weight or width) of 
body build. Since the functional approach to perception demands that eco
logical validity and utilization be viewed together and studied as to pos
sible parallelism, the inclusion of the full stature in studies of physiognomic 
impression may be considered to add a representative note to the choice of 
experimental variables in the design. The following two experiments have 
considered this factor. 

The first is by this writer ( 1939c) and is still r elatively close to the sys
tematic approach represented by the schematized-face experiment. It even 
uses two of its faces as part of its stimulus material. The design and ·results 
are summarized in figure 40. The so-called "medium face" (m) is identical 
with the Norm H5 in figure 36 (also shown in fig. 35); m or proportionate 
distortions of m are used in all but one of the eight schemas shown in figure 
40. The unfavorable face (u), used for schema MM only, is the impression
extr eme T7 from figure 39. The "medium build," arrived at after some trial 
and error so as to obtain the impression of normal proportions, is called M. 
The combination of m with M, M,., fur nished the Norm which serves as a 
pivot for all variation (and scores for which are therefore repeated for each 
comparison in fig. 40). Simple proportionate magnification and reduction 
of llf,, yields the large (L) and the small schema (S), and· uniform lateral 
distortion yields the broad (B) and the narrow (N). Bm and N,. have the 
build of B and M but an undistorted face. 

Preference indices, obtained by a ranking procedure somewhat r elated to 
that used for the schematized faces, reveal that there is a general tendency 
to favor the medium and all enlarged figures. Within this trend, our group 
of 46 men seems more impressed by broad build (B.,) and women more by 
height (L) . 

Except in the case of apparent energy the face seems to have considerable 
influence. For apparent happiness and apparent intelligence, significant 
differences can be found for pairs differing only in stature and not in facial 
proportion. Since this is not a representative experiment, no ecologically 
generalizable comparison of the relative influence of face vs. stature can be 
made, however. Addition of spectacles to the standard face (not shown) 
increases apparent intelligence and decreases good-lookingness. 

Somewhat greater representativeness may be claimed by an experiment by 
Wallace (1947) in which photographs of four men differing considerably in 
appearance but identically clothed (by courtesy of a clothing store) were 
photographically distorted in a manner similar to that of the preceding 

Hoppy 

Likeable 

Goadlooki ng 

lntellioent 

Eneroelic 
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Medium build Maqnification·l Lateral distortion 
reduction offeclino 

med· unfa· affectino both M· build M· build; 
lum vorable and m·foce with ori(Jinal 

fact fa ce I m-face 
Lorqe Small 6road Narrow 8road Narrow 

Mm Mu L S 8 N Bm Nm 

70 
60 
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40 
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20 70 

60 
50 
40 

80110 
70 20 
60 

~~~---4~~~--t-~+---1-~~~50 
40 
3080 
20 70 

60 
50 
40 

80 30 
70 20 
60 

~~~--~~~--~~~--i-~~50 
40 
30 

L---L---L-~~--~+-~--~7-~~20 

-Men (n•46) ~ ~ 
~··-Women ( n • 44) Repeo( of column Mm 

Fig. 40. (From data. by Brunswik, 1939o.) 
Influence of Face and Build upon the ImpressW!l Value of Schematized Figures. 

experiment. For each of these four social objects or "models" there were four 
"versions," M, L, S, and N (in terms of the preceding experiment, with 10% 
increment or decrement in one or both dimensions). Further versions and 
models (among them one woman) were used as intermediary comparisons 
so as to avoid direct comparison between the four models in their differen t 
versions . .A total of 46 pairs were judged in paired comparison in a setting 
suggestive of equal distance of the objects. Seventy students served as sub
jects (judges). 
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In table 7 the variability of the responses from model to model (with the 
four versions lumped together for each model) is compared with the vari
ability from version to version (the four models lumped together within each 

TABLE 7 

SoCIAL-PERCEPTUAL hlPR£SBIONS FROM DISTORT£D PHOTOGRAPHS OF ADULTS 

IN 5TANDARDIUD Cl.OTBL~G 

Imp.--ion quaUty 

Variability among 
four ma.in modtU 
(uaiog mean of 

four ve.reiona for 

Vt.riability amon11 
four main Hrliom 

(uoini mean of 
four model.o for 
each venion) 

Vari&nce ratio 
for mo.W.. (peraooa) 

va. verstons 

Likability . . ... .. . . .. . ....... . .... . 
Rappineas ... . ... . . . .. . . . ......... . 
Good-lookingnese ....... ... . ...... . 
Energy . ..... . ...... .. . • . . . . ....... 
Intelligence ... ................... . 

each model) 
S. D. 

10.9 
13. 1 
12.3 
15.6 
14.5 

So!Jru;m: Alter Wallace (1917): la.ot column added. 
• SiJDllicant between .05 ond .Ol levela. 
• Significant at .01 level or betw. 

S.D. 

2.2 
2.6 
3.7 
2.2 
1.7 

F 

24 .6" 
25.4> 
11 .0 
50.Sb 
72.'/b 

version). The variance ratios show that except for good looks the former is 
significantly larger than the latter ; significance is established in spite of the 
small number of models and versions. Gross build (to the extent varied here) 
thus seems less influential than face and/or the details of build (or bearing) 
as they characterize the individual. In addition, size alone was also a sta
tistically significant determiner of the r atings, with the influence of height 
strongest, proportional magnification next, and widening least (not shown 
in table 7) . This trend of the results is in line with that of the preceding 
experiment with distorted line drawings. 

Mean Magnification- Lateral 
distort ion 

Ver tical 
distor tion rank reduction 

2 , .... ~····· ... 
// 

' : 

/ 
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Small 
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-20 M t20 

Large 

..... ··········-· 

//\-··-..,, /~\\ ..• / ~!; 0 
Nor row Broad Short To II 

+40 - 20 M •20 +40 -20 M 1'20 +40 
Percent deviation f rom "Medium" 

Fig. 41. (From dnta by Wallace, 1947.) 
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......... Women (n•35) 

.dppare~tt Intelligen~ i~t Full PIUJtograph$ of .dct-ual P<trsons 
Modera tely and Ea:tre~ly Distorted. 
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One of the non-representative features of the experiment just described 
is the confinement of distortion to a range which, although wide, may in 
consequence of a possible depth effect of size perhaps not have been quite 
large enough to include extremes of stature. Wallace therefore undertook 
a sequel to his experiment, using distortions from -20 per cent to +40 per 
cent. In this additional series only one fairly average model was used in 
nineteen versions. These were interspersed, one at a time, with the medium 
versions of the other models arranged in a row; ranking (from 1 to 6) was 
used to determine changes in preference from one version to another . .As is 
shown in figure 41, the ratings, by 56 judges, tend to become unfavorable 
under the "medium" and above the +20 per cent versions. 

What has been said above in discussing compromise designs for the study 
of facial impression also applies here: limitations in ecological generaliza
bility in the technical sense persist until we decide for a clean shift to repre
sentative design. 

XVI. T EXTURAL EcoLOGY AS A PaoPAEDEUTIC TO FUNCTIONAL P sYCHOLOGY 

From the systematic-representative hybrid designs which have occupied 
our attention in the preceding chapters we turn once more to fully repre
sentative designs. However, in contrast with the fully representative studies 
in social perception ( § VI) and in size constancy ( § VII/3) which involve 
both ecological and functional validities and therefore must employ at 
least one subject, the problems discussed in the present chapter are con
cerned with ecological validity only. Since they deal with interrelation
ships among external variables which have to do with the causal texture 
of the environment they may be labeled studies in textural ecology. Since 
the ignoring of organismic responses, if any, should prevent even the thought 
of a responder-populational generalization of the results, textural ecology 
brings home r.ather dr amatically the basic purpose of representative design, 
which is ecological generalization. 

Thus far we have encountered problems of ecological validity mainly in 
the analysis of the objective trustworthiness of physiognomic cues ( § VI, 
esp. fig. 6, left; § VIII/1; and §XV) and of size and depth cues (§ VII/3, 
esp. fig. 8; and § VIII/2, including fig. 10, left). Here we will begin with a 
survey of a recent study touching upon Gestalt principles and upon the 
controversy between Gestalt and learning theory. Next we will turn to depth 
cues again. 

1. ECOLOGICAL VALIDITY OF "NEARNESS" (PROXD!ITY) RELATIVE TO THE 

MECHANICAL COHERENCE OF MANJ'PULABLES 

One of the best known of the organizational principles of human percep
tion listed by Wertheimer (1923) is the factor of "nearness," also called 
"proximity." According to this principle, the two constituent items in pairs 
of dots or parallel lines will the more tend to be united in a common per-
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ceptual "figure" the closer to each other they are in the visual field. The 
same principle was also found to hold in animals. For birds it was experi
mentally confirmed by Hertz (1928) and for rats, under certain conditions, 
by Krechevsky (1938). A case of the utilization of the proximity principle in 
music has been discussed by Arnheim (1954, p. 57) . 

The functionalist must ask whether or not organization by nearness is 
biologically useful. Such usefulness would be given if, more often than not, 
parallels close to each other in the visual field could be traced to the com
mon bounCiaries of a mechanically cohe1·ent, manipulable object; while, on 
the other hand, parallels far apart would reveal themselves more often to de
limit mechanically irrelevant incidental arrangements, such as interspaces 
(interstices), ornaments or shadow areas. Clearly, the problem is one of 
ecological validity; in this case mechanical coherence vs. non-coherence is 
the distal, and nearness (or proximity) in the field the proximal variable. 

The problem of the ecological validity of nearness (or proximity) can be 
answered only by representatively sampling the existing ecology. This writer 
and Kamiya (1953) attempted to approximate such a sample with the use 
of seven shots from a well-known motion picture reproduced in a popular 
magazine and covering a well-distributed variety of common-life situations 
(fig. 42) . Only pairs of adjacent straight (or near-straight) parallels (or 
near-parallels, up to 5° deviation) were considered; pairs separated by a 
third parallel were omitted. A total of N = 892 pairs were discernible in the 
original pictures. From the proximal point of view, their separations were 
classified in eight distance categories ranging from "smaller than :Y2 rom" 
through "lh-1 mm," "1- 2 mm," and so forth in geometric progression, to 
"32- 64 mm." From the distal point of view the pairs were classified dichot
omously (A) as forming the joint contour(s) of a bilaterally exposed rela
tively permanent mechanical unit or (B) as falling into any one of a group 
of other alternatives having in common a more incidental and behaviorally 
less relevant origin of the separation. 

A list of the distal classifications follows; the number of line pairs in each 
category, the approximate geometric mean of the corresponding proximal 
separations, and examples from figure 42 are also given. 

(A) Mechanical uni ts, fully exposed (N = 334; Geom. Mean = 1.2 mm). This category 
comprises all separations in which both lines of the pair represent mechanical boundaries 
of one and the same mechanically coherent object. Examples are, in I, the width of the 
crown of the bat worn by the man in the center (a), or, in VII, the vertical tree trunk 
in the background between the two men (q). 

(B) Relatively incidental and/or mechan·ically irrelevant separations. These fall into 
the following subgroups: 

Interspaces (N = 171; Geom. Mean= 2.8 mm). Under this category are subsumed 
interstices, passages, and overlapping recesses, that is, separations representing holes, 
gaps, or spaces between mechanical units; these separations traverse a depth or recess, 
the background 1ill being intercepted on both sides by other objects. Examples are, 
in I, the dark doorway (b), or, in VI, the curved dark background area between arch and 
lamp (o). 

Ornaments (N = 204; Geom. Mean = 1.3 mm). This category comprises ornamental divi· 
sions, that is, separations defined by distinct and regular color inhomogeneities on a 

\ 
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coherent surface, such as stripes or fiat moldings, so long as they are not caused by light 
and shade distribution. Enmples are, in II, the vertical stripes on the object behind the 
officer's right upper ann (g), or, in IV, some of tho letters on the large sign in the 
center (k) . 

OtJerl<Jps (N = 56; Geom. Mean = 1. 7 mm) . These are one-sidedly covered mechanical 
units or sopa.rations in which one of tho lines represents the llleeha.nieal boundary of one 
object, the other the mechanical boundary of another object overlapping the first. Ex
amples of such protruding object parts are, in VII, the bright lower part of the coat of the 
man at left extending ben.eaeth the right coat sleeve ( t) , or, in I, the visible end of the 
white cuff on the clerk's left WTist (t) . 

TABLE 8 

ECOLOGICAL VALIDITY OF GESTALT FACTOR o~· NEARNESS (PnmmnTY) 

RELATIVE ro l\llEcuAliiiCAL OBJECT CollERENCE 

Datal variable Prorimal variable Poioc-bi.aerial 
''lfeehao.ic:al coherence'' ··:-~eamesa· · r 

(diehotoroouo) (continuous) N bei-neo distal and 
proxims.l variable 

+ - + -

Interspaces 505 + . 34 
Small vs. large 

separation 
Mechanical between 

units vs .. . ... .. parallel lines 
in the picture 

Intcrspaces 
and all others 892 +.12 

SoOBCJ:: Ada plod from BruJ10wik and Kamiya (19S3). 

CR 

7 .2 

4.0 

Shadow-bounded aeparations (N = 33; Geom. Mean = 2.8 mm). This category defines 
separations for which one line of the pair is a shadow contour and the other represents 
a mechanical boundary of tho object upon which tho shadow is east. Many items in this 
category do not represent shaded portioll8 of the field but normally illuminated areas "left 
over'' after deduction of a shadow. Examples are, in III, the lighted expanse of the 
upper end of the ship's door above the head of the captain (i) , or in I, the separ&tion 
between the edge of the panel in the lower right corner of the picture and ~he right 
contour of the umbrella shadow mentioned below (e). 

Shadows (N=94; Geom. Mean=.7 mm). As defined !or our purpose, this category is 
limited to separations between two sho.dow contours (penumbras), or between one shadow 
contour and a mechanical boundary of the object casting the shadow. An example of the 
former, bilateral type of shadow ia, in I, the shadow cast by the umbrella handle on the 
panel of the cabinet in the front part of the scene (d); an example of the latter, unilateral 
type of shadow is, in II, the shadow of the knife blade on the table in the lo\ver right-hand 
corner of the picture (h). 

The ecological validity of nearness relative to mechanical coherence can 
already be gathered from an inspection of the geometric means. The mean 
for (A) is only 1.2 mm while it is 2.8 for interspaces and stays above the 
mean of (A) for all the other subcategories of (B ) except shadows, a rela
tively unpopulous subgroup. 

A better way of appraising the ecological validity is by the usual measure, 
the correlation coefficient. As shown in table 8, the validity is .34 when only 
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interspaces are considered under (B); it drops to .12 when the entire ma
terial is included. As can be seen from the critical ratios between means 
( ?ustom~ril! used with the point-biser ial r ) both coefficients are statistically 
h1ghly s1gmficant, however, and thus ecologically generalizable within the 
limits prescribed by statistics. 

The lowering of the correlation when the entire material is included is due to a large 
extent to ~08e narrow "shadows" which run. along, and help to reinforce, object 
contours. S!nee ~trong artificial lighting was used, our material is perhaps not quite 
re~reaentahve With respect to these shadows. Be this 88 it may, we have singled out 
tb1s subgroup because of its peculiar behavior. The correlation with (A) becomes negative 
for thia last subgroup (-.22; CR = 5.1). 

_In order t~ e~a~ the p_ossibility that a narrow picture separation be caused by a 
w1de separation 1n a tilted ObJect, those 483 of the 892 line pairs for which both constitu
ents a~poared to issue from (approximately) tho same depth were singled out nnd tho 
a_nnlysls. repeated. The results reported above were confirmed; all coefficients were found 
o1thor slightly higher (.37, and .13, respectively), or Jess negative (-.19). 

2. AUTOCHTHONOUS GESTALT DY~AMICS VS. 

PROBABILITY LEAR..' W'i"G OF CUES 

According to orthodox Gestalt theory, perceptual organization factors 
operate by virtue of the field-dynamics inherent in the brain processes r ather 
than by some functional principle based on experience; the possible eco
logical validity of the respective stimulus configurations is overlooked or 
even denied (Kohler, 1947, pp. 107, 132 f., 142; Koffka, 1935, pp. 160, 164-
167; see also Brunswik and Kamiya, 1953, pp. 20-23) . 

The proof, just reported, of the existence of such a validity at least for 
one of the Gestalt factors of organization opens up the possibility of view
in~ the stimulus configuration involved in this factor, proximity, as a cue ac
qUired by generalized probability learning. In the same study we have found 
preliminary evidence of the ecological validity of other Gestal t factors
symmetry and closedness-also; in fact, validity coefficients promise to be 
much higher values for these than for nearness. Thus it may well be that 
all the Gestalt factors may be open to reinterpretation as externally im
posed upon, rather than as innately intrinsic to, the processes in the brain; 
they all would then appear as functionally useful rather than as whimsically 
"autochthonous." 
. It goes without saying, however , that such a functionalistic reinterpreta

tiOn of allegedly "dynamic" principles would lose much of its cogency if it 
would ~ur_n o~~ that the configuratio~s in question possess similar organizing 
e:fl;ects m mdmduals, groups, or specxes in whose habitat or culture they have 
no (or negative) ecological validity. 

Furthermore, the successful demonstration of the ecological validity of a 
~estalt factor does not automatically imply the legitimacy of its interpreta
tion as a learned cue. It merely shows that an objective basis for probability 
learning is offered the individual within his surroundings. Since, however 
all ecological validities represent a challenge to the organism for utilization' 
and since it appears that certain cues are on the average being utilized 
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roughly in proportion to the degree of their validity (see above, pp. 43, 50 ff.; 
see also § XV j 6) our findings lend plausibility-support to a viewing of the 
Gestalt factors as cases of successful cue-utilization subsumable under the 
principles of learning theory. 

3. MORE 0~ THE ECOLOGICAL VALIDITY OF DEPTH CRITERIA 

It will be remembered that in figure 10 a fe1v question marks were insert-ed to indicate 
the tentativeness of Seidner's results concerning tho ecological validity of some of the 
well·knoWII perceptual depth criteria. In the meantime, Seidner continued his eeologi?al 
analysis of these criteria with a set of 30 original photographs of scenes from the daily 
routine of a specific person. Subsequently, on·tbe·spot depth measurements were taken 
for 20 points per picture, the points being selected with the use of random-number tables. 
A total of 600 points (300 point pairs) was thus available for analysis ; for a sample of 
this size, correlations of .08 and over are statistienlly significant. . 

Coefficients obtained for the three depth cues discussed on page 49 f. are bemg 
presented here, again with the kind permission of Mr. Seid~~r. They are in part l~wer ~d 
in part higher than those reported on the basis of the ongmal sample of 75 pomt p~1rs 
from magazine pict ures; for each eue a reasonable definition can be found under w~1eh 
significant validities are obtained. Problems of definition center about such questions 
as whether or not sky-points in the picture should be included (assuming a fixed, rather 
large distance for them), or whether extreme colors or a neutrnl gray be taken as the 
zero point in defining the color cue. . . 

The validity of "vertical position" as an indicator of real distance was tentatively g1ven 

88 
.61 in figure 10. With tbe new sample it was found to be .41 with sky-points included, 

.21 with sky-points excluded; both these vnlues aro significant. 
The validity of "spaoo filling" was given as .42 in figure 10. Now it is about .10-

silll significant-with sky-points included; it is .15 or .22 without sky-points, depen~g 
on whether the total number of discernible inhomogeneities between the two sample pomts 
or their density per length unit on the picture is considered. In this context it must be kept 
in mind that loss of detail in the photographing of situations at greater di,9tanees tends to 
obscure the validity of this cue. 

'fhe validity of "color" (albedo--''brightneas"-in tho picture) as a eue for distance 
was given as .23 in figure 10. No1v it is aa high as .39 with sky-points included;_ but it 
becomes insignificantly negative (- .06) with sky·pointa excluded. The values re~ very 
similar ( .36 and - .05, respectively) when extreme albedos are taken as negative and a 
medium gray as positive. 

XVII. ACQUISITION AND EXTINCTIO~ OF PERCEPTUAL CUES 

Since ecological validities may change from one habitat to another, a cer
tain flexibility of the perceptual system in the utilization of cues would seem 
to be adjustive. We briefly turn to this problem now. 

In recent years evidence has multiplied that the so-called primary depth 
cues such as binocular disparity, may function without prior individual 
exp: rience and that they may be relatively resistant to modification by 
experience (Hess, 1954). The secondary or "empirical" cues, on the other 
hand are undoubtedly more flexible. In an earlier study Hess (1950) has 
pres:nted results on the development of the light-and-shade cue in chickens 
which point to a combination of innate and acquired influences with a pre

dominance of the latter. 
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1. ACQUISITION OF DEP'l'H CUES INCIDENTAL TO SYSTEMATIC EXPERIMENTS 

The fact that new depth cues may be acquired and extinguished rather 
casually ·and in an ad hoc manner is suggested by some of the data on size 
constancy by Holaday (1933, pp. 454, 462) and on shape constancy by 
E issler ( 1933, pp. 504, 529). Both authors employed a viewing of the ex
perimental scene through a photographic camera in some of their series. 
Constancy ratios are lowest under these conditions. For size constancy the 
average c is only .03, and several of the individual constancy ratios are nega
tive; this is considerably below the most unfavorable figures reported above 
in table 1 (p. 25), that is, those for dark adaptation and darkroom. For shape 
constancy even the average c is negative, - .12. On the other hand, at least 
size constancy is known to be fairly high in viewing ordinary photographs 
(Gibson, 1947, p. 212). 

In an effort to explain their surprising results Holaday and Eissler point 
to the fact that in their camera series Standard and Comparison had ex
changed positions on the screen. Since in all the other series of the study the 
lateral position of the relatively near and the relatively far object remained 
the same, the conclusion seems inescapable that lateral position had become 
a depth cue in the framework of the experiment. 

This eonelusion is confirmed by direet observations of Eissler in certain control series 
in which the Standard was presented in a frontal plane rather than under an angle. A 
slight phenomenal tilt was seen, usually amounting to no more than 2 to 3 degrees, while 
actual rotation of the Standard had ranged from 30 to 75 degrees; in addition, this 
per.severation effect diminished rapidly and thus the new cues appeared to be readily 
extinguishable. 

2. ARTIFICIAL CUES OF ILLUMINATION IN COLOR CONSTA.NCY 

The problem was followed up in an experiment by Fieandt (1936). One 
of the familiar concealed-shadow experiments (see Woodworth and Schlos
berg, 1954, pp. 441 ff.), in a version by Kardos ( 1934), served as the starting 
point. Figure 43, A, shows a light gray aperture board with a large circle 
cut out. The board is placed some distance from the back wall of a not too well 
lighted room. A smaller disk of the same light gray paper is suspended in the 
center by means of invisible threads attached to the back of the board. The 
board receives additional illumination from a light-source placed somewhat 
to the right; a shadow-caster shaped like the shadow in C but smaller is 
introduced between board and light-source in such a way that only the disk 
is affected. Since under these circumstances the shadow penumbra falLo;; 
within the ring-shaped aperture between disk and board and thus is not 
in evidence, there is no color- (whiteness-) constancy and the disk appears as 
if cut from a paper of different, dark-gray albedo. When the shadow-caster 
is moved closer to the light-source the shadow increases as in C; its penum
bra which is now on the board establishes color constancy both for the shaded 
inner rim of the board and for the disk, so that the latter whitens up dra
matically in appearance. The fact that this color constancy effect disappears 
upon return to stage .A and the disappearance of the specific penumbra cue 
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may be taken as one of the evidences for the functional autonomy of per
ception (see§ XIV/3). 

It may be added that by suitable arrangement the shadow cast by the 
entire experimental set-up on the background wall to the left of the aperture 
board can be brought in plain view of the observer. The fact that a shadow 
is cast on the center disk is given away by this image in a rather tell-tale 
fashion. Yet perception does not respond as one may expect of a sensible 
being; it persists in responding only to the local cue, the penumbra. Here 

A 8 c 
Concealed shodow Minimal cue Full shodow 

Olsk Shodow t ip 

~ 
Hioh olbedo 

@Openinq ~ disk 

Aperture boord-" 

A' c' 
No shodow Full shadow 

disk • "•"'"'~ ~ 
~Shodow 

-Low albedo Unspecific Training : :A -s-c 
Diacritical :s-c,and A'-c' 

Fig. 43. (To a study by Fieandt, 1936.) 
Schema of Concealed Sha<Jow E:r.perim.ent in Perceptual Learning. 

the autonomy of perception is not only relative to intellectual information 
but also to non-routine cues coming from within the subsystem of perception 
itself. Stereotypy and lack of integration, or what the writer (1934) has 
called the inherent "stupidity" of perception, are well brought out by this 
example. 

Fieandt's modification of the original Kardos experiment consisted in 
repeating the changeover from A to C a large number of times and in 
stopping at the intermediate stage B in order to ascertain whether or not the 
incipient triangular shadow tip shown in the picture could be conditioned 
as a cue for the true illumination of the disk . .As shown in figure 44, left 
(averages of two subjects), the disk in B brightens up considerably in the 
course of 100 trials, as checked every 20 trials by means of an adjustable 
rotating Comparison disk. Even .A participates in the effect (while the 
slight rise in C must be interpreted as a relatively incidental control effect). 

To divorce the training from the total situation and make it more specific 
relative to the shadow tip, a diacritical experiment was undertaken next. 
In situation A' there was no concealed shadow but the center disk was 
replaced by an actually more grayish disk (one of a paper of lower albedo), 
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carefully selected so as to simulate situation A in its retinal impact. Upon 
introducing the shadow-caster as in C' it became evident to the observer 
that the disk was in reality dark gray. In this experiment stage A was 
omitted from the training sequences (even though not from testing), and 
transitions B-C were interspersed with sequences A'-C'. Figure 44, right, 
shows (averages of eight subjects) that the constancy effect for B in-
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60 60 
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Number of preceding tr ials 

c' .. o ---
20 +--.----r-.., 

0 4 0 80 Shortly otter 
Number of preceding cue trlola 

Fig. 44. (From data by Fieandt, 1936.) 
Pe,.ceptual Leaming of Cu.e8 of Illuminatio11. 

deed reoccurs over the 80 trials now employed, but that A now remains 
unaffected (except for joining all the controls in their slight incidental rise). 
The shadow tip as a minimal cue thns had been acquired by the perceptual 
system as a diacritical illumination cue separating the color of the disk in 
A f rom that in A'. 

The transient nature of this acquisition is shown by the dotted end of 
curve B which connects with the results taken in an after-test given soon 
after completion of the experiment during the same session. 

Additional experiments (with a few subjects only) indicate tentatively 
that a small button on the disk, or even the ringing of a bell, may be condi
tioned as illumination cues in a manner similar to the shadow tip. 

Fieandt has also found that while, as we have seen, perceptual learning 
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is slow and almost animal-like in its insistence on "stamping-in," it also is 
remarkably independent of intellectual insight into the specific cue acquired, 
and vice versa. 

In a subsequent study (1938) Fieandt has expanded and confirmed his re.sult8 as 
reported here. 

3. CUES OF LDUTED VALIDITY : PARADOXICAL DECLINE OF THE PROBABILI~ 

LEARNING CURVE AND A l-o"EGATIVE RECENCY EFFECT 

An added representative feature in experiments on cue learning and on 
learning in general is introduced by shifting the artificial ecological relation
ship from an absolute right-wr ong alternative to a probabilistic or "partial" 
type of reinforcement. For perceptual cue learning this was done in an 
experiment by Brunswik and Herma (1951 ; preliminary report by Bruns
wik, 1938) briefly referred to on page 56. Sequences of weight pairs were 
designed to present heavy weights more often (% of the time) on one side, 
drastically light-er weights correspondingly more often on the other side 
for simultaneous lifting. The artificial-random sequence of combinations for 
the two sides is shown at the top of figure 45; of each unit of nine presenta
tion pairs four are confirming of the trend on both sides ( +) , one is infuming 
on both sides(-), and four are confirming-infirming, or "neutral" (0). The 
series of cumulative ecological validities of position as a cue for weight-to
come which is the r esult of this design is shown in the upper curve of figure 
45. The curve is presumed to start at zero; the first few trials create consid
erable fluctuation, and later the validity curve settles in decreasing pendu
lum swings about 4> = .33 (corresponding to 67 per cent). 

Since in the neutral trials either both weights are heavy or both light, 
these trials were used to check on the possible development of an "expect
ancy" illnsion or successive weight contrast by asking for simultaneous com
parison. R-esults are shown in the lower curve of figure 45. The dotted vertical 
guide lines connect the test trials in the presentation sequence at the top with 
the corresponding per cent f requencies of illusion in the lower curve, passing 
between adjacent points of the cumulative ecological correlation curve. The 
rise of the learning curve-based on 36 subjects-shows that an expectancy 
illusion is indeed created in response to the artificially established position 
cue. I t r eaches its maximum at the 11th trial; then it tapers off in a "para
doxical" decline despite continued positive reinforcement of the over-all 
ecological validity. 

This paradoxical decline may be either a "disappointment" feature specific 
to prolonged probability learning, or the artifact of our use of an illusion 
as the test of the learning of the cue. 'fhe former interpretation has found 
tentative support in a study by Jarvik (1951). This study concerns a type of 
expectancy that is more intellectual than perceptual. Three randomized 
series, A, B, and C, in which one word, "check," held a preponderance over 
another, "plus," at the rate of 60, 67, and 75 per cent, respectively, were 
presented to different groups of college students totalling 78. These had to 
guess, before each of the 87 presentations, which of the two alternatives 
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would be next. The trend of results again shows an initial rise followed by a 
slow "paradoxical" decline, without reaching statistical significance in this 
latter respect, however. 

Superimposed upon, and occasionally overshadowing, the long-range posi
tive probability learning Jarvik found a short-range "negative" recency 
effect; this consisted in an· increased anticipation of the opposite alternative 
in cases of serial accumulation of one of the alternatives in an incidental 
"run." 
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Negative Recency Effect for Prolonged B-uns in Pro'baoility R~inforcement. 

In figure 46 average results of consecutive runs ranging f rom two to si:x "cheeks" in a 
row are presented. Note first that as we move from the left-hand to the right-hand graphs 
in the figure, curves start higher and higher. This is a direct result of the fact that extended 
runs of "check" rei.n!orcc:ments are more frequent in series with higher over-all reinforce· 
ment ratios and thus with a more pronounced learning effect. Also, the longest runs 
happened by chance to be in the later portions of the training (as can be seen from the 
bottom part of the figure). 
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After tho first "check" reinforcement there usually is a tendency toward a rise in the 
curves, in conformity with the classical positive recency effect. 

The negative recency effect sets in after the second "cheek" reinforcement; the curves 
drop consistently despit-e continuing rein.foreement. In other words, there ia an increasing 
tendency on the part of the subjects to expeet a. continuous sequence of the generally more 
frequent of the two alternative words to lead t~ a change·over to the other alternative on 
the next trial. The interference of this nega.the recency effect with the over·all trend 
of probability lea.rning is so great that nfter three to four "cheeks" the ga.ins are as good 
as obliterated, and after four or fivo "checks" the chance·level is crossed and the prepon· 
deranee of .o.nticipa.tions is now in the opposite direction, that is, of "pluses" to come. 
In the single long run of six consecutive "check" reinforcements in the second half of 
Series C as few us 18 per cent a.nticipate a further "check" to follow. The "plus" presenta· 
tion that terminates each run brings "check" expectancies back above cha.nee even though 
not quite to where they were before the run. Similar results were obtained for extended 
uplus'' runs. 

Both paradoxical decline and negative recency effect are phenomena spe
ciiic to probability learning. Just as perceptual size constancy cannot be 
studied in a tied-var iable design of classical psychophysics because of the 
impoverishment of the ecology, the learning phenomena mentioned are by 
their very nature unamenable to study under the conventional black-white 
(100 to zero) reinforcement policy. They can emerge only with the introduc
tion of probabilitistic policies more representative of reality. 

~lore speciiically, Jarvik's discovery of the negative recency effect owes 
much to the fact that in his case representativeness of design was carried 
still further. Instead of the customary so-called artificial r andom series he 
used real randomness. His sequences had been determined by the use of 
Fisher and Yates' random-number tables within the predetermined relative 
frequencies; this policy led to an at least occcasional occurrence of the ex
cessively long runs of the same symbol which brought out the negative 
recency effect so drastically that it could no longer be ignored. 

4. PERCEPTUAL LEARNING .Against AWARENESS OF WHAT IS LEARNED 

As a further contribution to the problem of autonomy of the perceptual 
system we may add that the subjects' awareness of the cues or frequencies 
was as a rule dim in both of the studies reported in the preceding subsection 
3; if present, it was frequently grossly erroneous and seemed to have little 
to do with performance. 

The fact that in the Brunswik and Herma experiment only the test trials 
were used for verbalized judgment, together with the prevalence of the 
induced contrast illusion in these trials, made for a reversal of the weight
judgment and the weight-reality trends ; when heavy weights were more 
frequent on the left, "heavy" verbalizations tended to be more fr equent 
on the right, and vice versa. The question arose as to whether awareness 
would follow the real trend or the verbalization trend. 

Twenty-two of the subjects were asked after completion of the experiment: "In your 
opinion, which objects were on the average heavier, the right or the left1" Those subjects 
who eecmed uncertain as to whether they should refer to tho judgments a.ctually asked 
for, or to their impressions in the total trials regardless of whether or not these impres· 
sions were overtly expressed, wero told to refer to the latter. 
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Conscious impressions of .weight trends in terms of right vs. left position 
turned out to be in opposition to the reality trend in four-fifths of the cases. 
In our case at least, explicity conceptualized learning thus is determined 
primarily by overt verbalization trends rather than by the objectively
and undoubtedly also subjectively-far more drastic opposite differences in 
the more crucial part of the training. Yet the emergence of our perceptual 
contrast effect reveals the simultaneous acquisition, at a more primordial 
level, of a concurrent implicit quasi-expectancy in the correct direction. This 
is not only a case of "submerged mediation" (Brunswik, 1934), or a case 
of what since Thorndike has become !mown as "learning without awareness of 
what is being learned;" it is learning agai'l'lst awareness of what is being 
learned. Restriction of verbalization to the test trials has made it possible 
for the two levels of learning, the perceptual and the verbal, to stand out 
more clearly against each other 

These results, together with those reported in subsection 2 from the 
study of Fieandt, underscore the unconscious component in per ception. 
Along with such features of perceptual functioning as stereotypy, slowness of 
learning, and so forth, which we have emphasized in various contexts earlier 
in this presentation, they help to consolidate the image of perception as a 
primitive "id"-like sub-system of cognition (Brunswik, 1934, pp. 118, 127 
tf., 224). This primitivity must be held against such compensating virtues of 
the perceptual system as the rapidity of its response and the relative mel
lowness of its error distribution which we have emphasized in comparing 
it with its higher-order r ival, thinking ( § XIV) . 

XVIII. PROBLEMS OF STIMULUS REPRESENTATIVENESS 
L'< CLI::!<ICAL PSYOHOLOOT" 

1. PERSONS AS STI~fULI IN SOCIAL A..."lO CLL'\ICAL SITUATIONS 

The most dramatic case we could make for representative design was that 
of the perception of social objects ( § VI ) . I n this case both subjects and 
objects are persons; if the former are to be sampled representatively this 
could hardly be denied to the latter. Yet, as we have seen (p. 39 f.), the 
traditional ways of handling stimuli systematically rather than representa
tively are so ingrained that even this simple logic has prevailed only in 
exceptional instances. 

Kenneth R. Hammond (1948) has expanded the concept of social object 
to include examiners and testers in social-psychological surveys and in clini
cal situations. Since in any testing procedure the examiner constitutes part 
o£ the external stimulus situation, representative design demands that 
examiners should also be sampled. In the article cited and in a second 
paper (1954) Hammond discusses a series of examples from the recent 
literature in which glaring overgeneralizations concerning the influence of 
sex or race of the interviewer or tester were made on the basis of an inade-

,. This chapter is ba5ed on a paper presented as !?art of the Sympoaium on the Theoretical 
BMis of the llor8chaoh held a.t the Veterans Adnunistra.tion Research Conference in Clini· 
ca.l Psychology, Oakland, California, April, 1958. 

·r 
• 
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quate selection technique borro,ved from the traditional systematic rather 
than representative treatment of physical stimuli in classical experimental 
psychology. Hammond found the same paradoxical discrepancy between the 
sampling of subjects proper and the sampling of examiners which this writer 
had fow1d in studies on social perception from photographs (p. 40) . 

In one of the studies criticized by Hammond (Curtis and Wolf, 1951) 
the Rorschach was applied to n = 586 subjects, and there were N = 10 exam
iners, 7 men and 3 women (using, as we have suggested, n for the size of 
the subject sample and N for the size of the object sample). The statistical 
significance of sex-of-examiner was then surreptitiously claimed with the use 
of 586 rather than of 10 (or of 7 versus 3) for the size of the sample. Under 
representative design, as we have seen (p. 38 f.), there must be a second 
index of significance which would tell us how far we can generalize ecologi
cally. Even texts in psychological statistics, being interested in formal more 
than in material problems, are as a rule oblivious of this double jeopardy of 
generalization. 

2. STIMULUS BIAS IN THE CONSTRUCTION OF TEST PATTERNS 

From the point of view of principle, iD. the construction of tests physical 
stimulus patterns would have to be representatively sampled in the same 
manner as persons. For the time beiD.g one may prefer to think in terms of 
more modest objectives, however. 

As we have seen (p. 52 f.) certain tendencies in the direction indicated 
have existed for some time in the field of testing. But even when some sort 
of sampling of tests was explicitly envisaged, the sampling was usually done 
from an artifact, such as the multitude of tests already in use. This in turn 
merely reflected the bias of the earlier testers or of the laboratory experi
mentalists who had furnished the basis for the existing tests. 

The temporary expedient we will consider here as a practicable start out 
of these methodological difficulties consists in an effort to base the design 
and evaluation of tests on a kind of canvassing or proportional representa
tion of the major theoretical positions that have been stated or that seem 
conceivable in our time. Thus we would at least remove the blindness which is 
inherent in any clinging to experimental tradition or fashion, per se, and the 
haphazardness which goes with reliance on the test-constructors' intuitions. 

We will consider the theoretical positions exhibited in "projective" testing, 
exemplified here by the Rorschach (1942), along with those in two variants 
of Gestalt psychology, the Berlin school and the Leipzig school; we will 
also include a consideration of some of the tests that are directly traceable 
to these latter schools. Gestalt psychologists share with projective testers the 
view that all illusory perception is not only illusion away fro~m some ideally 
accurate or veridical type of response but at the same time is illusion toward 
something else, that is, assimilation toward some preferred patterns of organ
ization. In projective testing most of the assimilative power is seen as coming 
from the inner motivational stratum with its richness of personal figures 
and themes. Even though Gestalt psychologists of all shadings have been 
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consistently oblivious of this stratum, they have been more than astute in 
uncovering some more strictly cognitive organizational preferences in per
ception. It may be claimed that not only the motivational but also the more 
purely perceptual tendencies of organization are laden with diagnostic po
tentialities. 

The Gestalt psychologists and Rorschach must also be assumed to be akin 
in a rather deep-seated attitudinal respect. Their efforts and those of all 
projective techniques have in common that they are based on the recognition 
and utilization of what such precursors of the modern Gestalt movements as 
Benussi (1904) and his friends at Graz have called "Gestalt ambiguity." 
What this recognition may entail in the way of intellectual or personality 
restructuring can best be appraised in the light of the concept of "int.oler
ance of ambiguity" as developed by Else Frenkel-Brunswik (1949) in con
nection with the study of the authoritarian personality syndrome and its 
rigid stimulus-boundness. 

The most comprehensive view of preferred perceptual organizations has 
been offered by Sander (1928; for a somewhat less experimentally oriented 
and less lucid presentation in English see Sander , 1980). Sander is the lead
ing experimentalist of the Leipzig school of Ganzheitspsychol.ogie, the major 
r ival movement of the better known Berlin school of Wertheimer, Kohler and 
Koffka. Sander distinguishes a series of organizational stages in the brief 
genesis of any single full-blown perceptual act (or of perceptual actuality); 
this so-called "actualgenesis" is set in parallelism to the phylogenesis and 
ontogenesis of perception in an over-all theory of development. A most 
primordial, feeling-like stage is said to be followed by a second, "geometric
ornamental" stage and eventually by a third, "realistically meaningful" 
(s1nnhaft-bedet,tungsvotz) stage. 

For our present purposes only the second and third stages shall be consid
ered. The geometric-ornamental tendencies are conceived of in agreement 
with the center-piece of Berlin Gestalt theory, the law of Priignanz or "good 
form"; while never pinned down with ultimate clarity, the concept of 
priignamt form has been fairly well circumscribed by its originators as a 
tendency toward symmetry, parallelism, rectangularity, closure, circularity, 
good continuation, horizontal-vertical framework and related features best 
summarized in terms of the idealized forms of pure non-representational 
geometry. Hence these tendencies are also called eidotropic tendencies by 
Sander. 

The realistically meaningful stage, which is a more specific brainchild of the 
Leipzig group, is said to be characterized by pressures toward representa
tional organization in terms of palpable objects or "things." Hence these 
pressures are also called ontotropic tendencies, that is, tendencies toward 
the "existing," or, more particularly, toward the familiar. 

Sander refers to numerous experiments, utilizing such techniques as 
extreme tachistoscopic exposition, extreme reduction in size or brightness, 
fragmentation, and various other b.-inds of impairment of the stimulus impact 
or evaluation including developmental materials and evidence from the arts. 



134 

Design of Psychological Experiments 

All these are to serve as means of catching the perceptual act in a primitive 
stage. Some of the empirical evidence presented by the Leipzig school goes 
considerably beyond the scope of the techniques employed by the Berlin 
school. One of the younger exponents of the Berlin point of view, Metzger, 
has included some of the Leipzig evidence in his splendidly illustrated book 
on laws of vision (1936) but has stressed primarily the data relating to 
geometric-ornamental Priignanz. A total of close to twenty techniques may 
be distinguished which, when all results are seen in synopsis, bring out the 
law of Priignanz in an impressive variety of ways. Only a few of them have 
become known and have been checked over in American literature, among 
them such relatively unrepresentative and relatively unsuccessful ones as 
memory for form. The full array of experimental techniques employed 
furnishes an impressive example of a canvassing of relevant media in the 
study of a single problem. 

Remembering that the law of Priignanz refers to but one of at least two 
major types of preferred patterns of organization in the perception of form, 
both the Berlin research techniques and the Rorschach inkblots appear 
lopsided when held against the requirements of representative stimulus 
design. Their onesidedness tends in diametrically opposite directions, quite 
in the same spirit of splendid isolation that exists between the various sub
varieties within the academic Gestalt movement. 

The standard stimulus fare offered by Wertheimer (1923), Gottschaldt 
(1926), Wulf (1922) and others of the Berlin school consists of arrays or pat
terns of dots, straight or angular lines, and smoothly drawn curves. All these 
patterns are extremely provocative of geometric-ornamental or eidotropic 
tendencies while giving little chance to representational meaning or even to 
the fact-Or of familiarity to make itself felt. 

The Rorschach inkblots, on the other hand, with their peculiar tying of 
bilateral symmetry with irregularity and blutTedness- as well as subse
quently designed inkblots and the less well-known cloud-pictures which K. 
Struve has used under the stimulus of William Stern (1938)-give the inside 
track almost exclusively to the realistically meaningful tendencies. They 
even prove conducive to very specific types of objects (animals, anatomy, 
etc.) so that the natural balance of the world view is threatened even within 
the domain of existing physical or social objects. With an eye again on the 
more general controversy concerning eidotropic vs. ontotropic tendencies 
with which we are here primarily concerned we may note the fact that even 
in the more voluminous lists and catalogues of Rorschach responses no more 
than a handful of abstract "squares," "triangles" or other purely geometric 
formations could be discovered; this goes so far that even the giving of such 
responses by a subject is viewed with alarm in the standard evaluation of a 
protocol. 

One way out of this dilemma would be the use of stimulus materials posing 
a clearcut and balanced rivalry between geometric-ornamental and real
istically meaningful possibilities of organization. In perceptual testing, rival
ries have so far been set up mainly along the relatively confined dimension of 
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color- vs. form-dominance (for some American research along this line see 
Thurstone, 1944) . Some of Sander's designs using series of decreasingly 
fragmentat·y line-drawings (1928) may well lend themselves for adaptation 
to tests of the rivalry between formalism and realism. Figure 47 shows three 
stages out of such a series; the first elicits rather clearcut geometric-orna-
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Fig. 47. (From Sander, 1928.) 

Decreasing FragmenU.tion i" Tachistoscopic Expoture and tl~e Tra!l8ition from 
Geometric-or-namental (Pragnant) to Realistically-meaningful Perception. 

mental improvement (increased verticality, rectangularity, symmetry) while 
the last brings out realistically meaningful tendencies. Figure 48 shows 
drastic individual differences in this respect which Sander claims to be 
dependent on age. 

Modifications of the Sander drawings were used rus test4 by Wartegg (1939) and by 
Kinget (1952). Rather impoverished stimulus configurations were employed, ho\vever, and 
tho emphasis was shifted back from the cognitive to the emotive, projective asp~cts of 
the personality. 

3. REPRESENTATIVENESS OF SCORING PROCEDURES 

From representativeness as to stimulus design we now turn to repre
sentativeness as to evaluation proeedures. The Bender test (1938) and its 
further history furnish an enmple of the lost opportunities that may result 
from onc-sidedness and isolation in theory. 

'I 
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This test may be challenged as to representativeness in two different ways; 
one concerns stimulus design, and the other, evaluation. As to stimulus design 
(fig. 49) , Bender preserves the one-sidedness of Wertheimer's classic demon
strations of Gestalt principles, and her selection is not too felicitous at that. 
As to evaluation, Bender has in the main relinquished whatever advantages 
may be offered by the stimulus materials chosen; she has largely ignored the 
theoretical principles which have given rise to the original Gestalt demon
strations or experiments. In the cataloguing of the responses by Bender her-

'I 
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Fig. 48. (Alter Sander, 1928.) 

Frt>m Eidotropic to Ontotropic Ct>mpleticn in Adole1oenta. 

self and especially by tlie subsequent proponents of more rigorous scoring 
systems (Billingslea, 1948; Pascal and Suttell, 1951; Gobetz, 1953) there is 
repeated mention of such features as "circularity," "symmetry," "simplifica
tion" and so forth. Yet there is little awareness of the fact that such variables 
may readily lend themselves to the establishment of an over-all score and/or 
comprehensive subscores for Pri:ignanz which would allow us to capture the 
degree and kind of the geometric-ornamental formalism present in each 
subject. Such scores could be representative of some of the major pattern 
trends or organizational preferences in a given person. This lack of aware
ness becomes most conspicuous in Bender's discussion of her developmental 
findings (fig. 50). The drawings are full of confirmatory evidence for 
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Sander's view that geometric-ornamental tendencies are a mark of earlier 
developmental stages (preponderance of circularity, symmetry, horizontal
vertical framework at younger ages) ; yet little is made of this in the way of 
conceptualization or comprehensive scoring. 

That the development of a Gestalt-psychologically inspired system of scor
ing is not merely an academic matter but rather one tbat may have far-
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Fig. 49. (From Bender, 1938.) 
W ertheimer's Figures Used in the Bender Ge1tolt Ten. 

reaching diagnostic and personality-theoretical implications is best indicated 
by the stress that has frequently been placed on the possible relationship be
tween schizophrenia and a -general "formalism," on the one hand, and be
tween the manic-depressive syndrome and a general " realism," on the other. 
We may add to this the aspect of regression along the developmental con
tinuum that must be inherent in formalism if there is any truth in Sander's 
view that the geometric-ornamental tendencies r epresent a relatively primi
tive stage. All this is reason enough to press for a formalism- or eidotropism
score (or set of scores) on the Bender test. 

The customary confinement to a single over-all scor e on the Bender, as 
well as many elements in Rorschach scoring, proceed on the tacit assump
tion that deviations from the norm set by the stimulus are nothing but de
viations away fro-m, and thus must be treated primarily as losses of accuracy. 
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corner refer to children who could do the type of response depicted or better. . 

Any such stress on accuracy pure and simple throws away valuable informa
tion relating to the basic maxim projective testing was found to share with 
Gestalt psychology, that is, that deviation from one thing also may be as
similation toward something else. Indeed, there is a whole array of saliently 
divergent possibilities of "improvement," each of which involves increasing 
the error in a different manner, and thus at the same time defines de
terioration. Each of these possibilities may be laden with potential diagnostic 
significance of its own, and much information is likely to be lost in lumping 
them all together. 

The ontotropic bias of the Rorschach stimulus materials should not prevent 
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the clinician from attempting to establish a truly Gestalt-psychological for
malism subscore on this test along with the one suggested above for the 
Bender; some of the ecological imbalance of the Rorschach could thus be 
rectified. Existing so-called form scores on the Rorschach are somewhat 
oblique to this task; they are based predominantly on what in Sander's 
terminology would appear to be realistically meaningful rather than geo
metric·ornamental criteria of classification. Contrariwise, a comprehensive 
ontotropism score could also be developed for the Bender in spite of the 
fact that its stimulus materials offer a minimum of invitation for structuring 
in that direction. But it would be significant to know whether or not a person 
will, despite the existing stimulus handicaps, structure formalistically on 
the Rorschach or realistically on the Bender. In this manner the representa
tiveness of research could be increased by purely evaluative means without 
altering the stimulus. 

4. THE NUMBER OF UNIVERSES TO BE SAMPLED 

Aside from the subjects, on the one hand, and the physical or social ob
jects, on the other, there are several other universes that are being, or will 
in the end have to be, sampled representatively. William Stephenson (1953) 
and Carl Rogers (1952) have randomly sampled traits or types of responses, 
although perhaps from somewhat arbitrarily constituted trait-universes 
which perpetuate the bias of their original constitution. Most certainly, at
titudes should be sampled. Many kinds of response variables could and should 
be siunpled. 

Merely as a terminological policy, we should like to suggest that the 
phrase "representative design" be confined to cases in which representative
ness is sought for elements of the external, ecological situation. Repeated 
applications of a test (intraindividual differences), the sampling of atti
tudes, statements, adjective traits, or behaviors from a "repertory" universe, 
all these must be classified with subject sampling rather than with object 
sampling. Needs toward ecological representativeness are so urgent, past 
neglect so drastic, and the inhibitions of tradition so powerful that our 
methodological watchword should be kept as sharply focused as it was 
originally intended to be. 

Representative design, then, is but a special case of representativeness 
at large as we know it to be a universal research requirement. It is 
geared to the way in which situations occur in life. Eaeh situation is a 
"variate package," that is, a more or less incidental combination of specific 
values along a large, and indeed unknown, number of dimensions. Ecologies, 
and the situations that constitute them, are in many ways like persons, 
which also are variate packages. Ecologies or situations exhibit consistencies 
and "habits" all of their own, although perhaps less strikingly than do indi
viduals; we may "know" them and like or dislike them as we do our fellow 
men. 

It is by virtue of these relative consistencies that variate packages as a 
whole, and not their isolated dimensions, should be taken to define a universe. 
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If we accept this position, there are only two major types of universes, the 
responder-populational and the ecological, as we have assumed them in Part 
One. As soon as we start ignoring the package character of individuals (in
cluding their traits, responses, attitudes, etc.) and of situations, more uni
verses must be distinguished, however. If we hear, as we often do, that a 
"variable" has been sampled, and do not at the same time include it.s con
tingent associates in other dimensions, or disrupt these relationships, there 
must be as many universes-and as many tests of significance- as there arc 
variables. In factorial and related forms of systematic design this stage of 
artificial disintegration is taken as the model case. 

On the other hand, we may also think of person-attitude-situation com
plexes as compound packages and sample these. An example of this lumping 
together of universes would be if each of the 93 situations in our size
constancy survey (§ VII/ 3) bad been occasioned, and responded to, by a 
different person instead of by the same individual. In this manner the 
single test of significance envisaged by Jarrett (see footnote 15a, p. 39) as 
encompassing both the responders and the ecology may yet become possible. 

CoNCLUSION: FUNOTIONAL THEORY AND A D EFINITION OF PERCEPTION 

As we have said, the distal constant functions established by the perceptual 
system reflect a generalization achievement on the part of the organism. In 
turn, the wide-arching functional validities as they appear in figures 5 and 
10, and-within systematic designs-in all constancy ratios, constitute the 
corresponding generalized statements by the researcher regarding the or
ganism's perfection in the attainment of a given distal variable. The respec
tive coefficients or ratios thus must be classified as cases of "descriptive 
theory" by virtue of their generality alone ("psychology in terms of objects," 
see Brunswik, 1934, 1936, 1937). 

Our canvassing inventory or mapping of the array of outpost variables 
attained- including the degree of such focusing-has led us to further gen
eralizations concerning preferential focusing on distal rather than proximal 
variables at large. This opens the way toward a general theoey concerning 
the relationship between life-relevance and distality and concerning prob
lems of biological-functional economy. 

As is indicated especially in figures 6, 7, and 8, each over-all functional arc 
or achievement may be broken down into an extrasystemic and an intra
systemic constituent; these constituents have been called ecological validity 
and utilization, respectively. The general pattern of the mediational strategy 
of the pel'ceptual system is predicated upon the limited ecological validity or 
trustworthiness of cues which we have observed in many contexts throughout 
this book. The limitations in t-he dependability of single-cue variables .force 
an uncertainty-geared probabilistic strategy upon perception. In order to 
improve the cognitive "wager"-as Reichenbach (1938) would label this (see 
p. 56) - the perceptual system must accumulate and combine cues. Thus we 
arrive at a more complete understanding of the principle of mutual sub
stitutability or "vicarious functioning'' of means (or of cues) which Hunter, 
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Tolman (1932, chap. i) and most other behaviorists looking for a structural 
criterion have incorporated in their basic definitions of behavior or purpose 
(see Brunswik, 1952, chap. ii). The lens-like model in figure 10 summarizes 
the relationship between achievement and strategy and may be taken to 
exemplify the basic unit of psychological functioning. R~gardless of bow 
much the attainment is improved, ~owever, distal function remains in
herently probabilistic. 

In the light of this functional model all "constant"-or rather quasi
constant-function, be it "intuitive" or explicit, can be explicated as a sta
tistical reasoning process remindful of Helmholtz's "unconscious inference." 
Au important difference arises from the fact that, as we have seen, the intro
spectionistic and perfectionistic overtones of the Helmholtzian doctrine are 
no longer tenable; neither can it be assumed that the premises and the deriva
tion must originally have been given in consciousness, nor is the type of 
intuitive reasoning found in perception of a penetrating or foolproof nature. 
Forming a Latin-Greek hybrid, we therefore prefer to speak of our view as 
a mere "ratiomorphic" rathe1· than a fully rational model of achievement 
(Brunswik, 1954, 1955). Not only is ratiomorphism not to be confused with 
rationalism or with intellectualism; as we have seen especially in §XIV, it 
even helps us to nail down more concretely the rather important secondary 
differences between "perception" and "thinking." 

One of the most important aspects of functional theory concerns the rela
tionship between ecological validity and utilization. Ideally, cues should be 
utilized in accordance with their validity; as we have seen, the organism 
tends to do so to a certain exteut, even though there may be important ex
ceptions (for the latter see Hammond, 1955, reporting on the work of his 
collaborators at Colorado; see also a study by Smedslund ( 1955) at Oslo). 
Here we must further inject the element of "cost" to the organism-e.g., 
in developing the int-egrated "double-eye" for the binocular cues of depth
just as we must ask for the cost of an automobile together with its expected 
return in budgeting our expenditures. In this respect functional theory 
takes on certain features of economic theory. 

While the utilization of cues has long been a favorite topic of psychology, 
the quantitative study of ecological validity in the framework of a textural 
ecology is relatively new. Outside of psychology, a first step in the direction 
of the bivariate type of correlation analysis which is covered by our concept 
of ecological validity has been made by Wiener (1949) in his analyses of 
double time series in the general framework of cybernetics. These analyses 
furnish a second point of affinity between functional theory in psychology, 
on the one hand, and economic theory, on the other. Double time series are, 
as Wiener points out, most conspicuous in economico-sociological and 
meteorologico-geophysical applications; in both instances the relative lead 
of one time series with respect to another may well give much more informa
tion concerning the past of the second than of its own. For example, on ac
count of the general eastward movement of the weather, Chicago weather 
may be more important in the forecasting of Boston weather than Boston 
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weather itself. I t will be noted that even here the comparison stays within 
the same kind of variable or physical denomination ("weather''); in all 
cases of this kind the comparisons or correlations involved have not yet 
reached the stage of genuinely bivariate analysis such as is given by cor
relating psychological cues with object variables, or means with goal-attain
ments. 

A more direct exposition of those of the mathematical principles of com
munication which are of particular relevance to the understanding of focus
ing by vicarious functioning as it occurs in psychological mechanisms has 
been given by Shannon and Weaver (1949). In terms of the vocabulary of 
the special brand of telecommunication engineering involving semi-con
trolled media to which Shannon's theory has been geared, perceptual cues 
and behavioral means are like "signals" in "coded messages." The mediating 
channels are contaminated with interferences or constraints of their own. 
The result is equivocation. It is then "not in ·general possible to reconstruct 
the message with certainty by any operation on the signal" Shannon's dia
gram showing the fanning-out of "reasonable causes" (messages, inputs) for 
a given "high-probability received signal" or effect, and of "reasonable ef
fects" (signals, outputs) from a given "high-probability message" or cause 
in a channel, bears formal resemblanc.e to the equivocal types of coupling 
between intra. and extraorganismic regions to which this writer has called 
attention some time ago (1934, fig. 2) and which can also be read into the 
special application of the lens model presented in our present figure 10. 

Whenever the "capacity" of a channel is less than the richness of vari
ability of the source from which it accepts messages, the channel is "over
loaded." In this case no code will reduce the error frequency as low as one 
may please. Shannon and Weaver point out that regardless of how clever 
one is with the coding process, it will always be true that after the signal 
is received there remains some undesirable (noise) uncertainty about what 
the message was. 

The crux of organismic adjustment which we have studied in this book 
may be rephrased in quite a similar way: distal perceptual and behavioral 
mediation must, in the nature of things, in the general case rely on over
loaded channels, and the limited dependability of all achievement mecha
nisms is a result of this overloading. And we must further note that at least 
part of the trouble lies with the overloading and noise in the external rather 
than the internal medium. 

According to Shannon and Weaver, the chances of error can be decreased 
by "redundancy," however. Redundancy may be exemplified by, but is by no 
means restricted to, verbal repetitiveness. When there is noise there is some 
advantage in not using a coding process that eliminates all the redundancy, 
for the remaining redundancy helps combat the uncertainty of transmission. 

The reader will recognize that the vicariousness of psychological cues and 
means which we have come to acknowledge as the backbone of stabilized 
achievement may be viewed as a special case of receiving or sending messages 
through r edundant, even though not literally repetitive channels. The prob-
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ability of error, given by the variety of possible causes, or effects, that could 
result in, or be produced by, the type of event in question can thus be 
minimized. This is the case, for example, in the gain of the over-all functional 
validity (.99) over the ecological validity of the major retinal cue (.70) in 
our representative survey of size constancy in which the organism acts as 
an intuitive statistican (figs. 8, 9, 10). 

A suggestion of extending the theory of communication to multivariate 
patterns of mediation has recently been made by :McGill (1953). It is hoped 
that this will open up the full scope of the vicarious functioning of per
ceptual cues to formal treatment. 

Even so, there is a long way to go from the rather rudiment.ary emergence 
of the concept of cue in cybernetics and in the theory of communication 
to the more varied and somewhat metaphorical applications that would have 
to be made to render these considerations really f111itful in psychology. 
Hitherto most of the efforts to apply these disciplines to psychological prob
lems have been rather literal minded and have considered the organism 
rather than the ecology as the prime source of noise and uncertainty (for 
details see Brunswik, 1952, 1955; see also Grant, 1954). 

The concept of perceptual theory as a ratiomorphic model of functional 
achievement and of its strategy-that is, as a model of focusing and of 
vicarious mediation-as well as the attendant methodological postulate of 
behavior-research isomorphism (Brunswik, 1952) which underlies represen
tative design, are somewhat at variance with the more traditional notions of 
psychological theory. According to these notions, the main purpose of theory 
is "explanation" in the sense of a step-by-step tracing of performance to 
identifiable processes, cues, or tracks of mediation. The ultimate ideal is that 
of "reduction" of performance to the laws of one of the more microscopic, 
more fundamental disciplines, notably physiology. The nomothetic behavior
ism of H ull ( 1943b) and of his sympathizers, although at first sight of a 
grossly descriptive nature, reveals its reductionist aim most clearly in the 
use of a physiologizing terminology. 

One of the major devices of the reductive-nomothetic approach is the 
diacritical confrontation of constant function with its own cues or other 
mediating instrumentalities. The artificially distortive systematic eiperi
ments which exploit the iufirming case of an otherwise positive cue, and 
which range from the stereoscope and pseudoscope to the Ames demonstra
tions mentioned, serve the same general research aim. To our theory of distal 
function and of its grand strategy the reductive approach adds the study 
of tactics. To the study of achievement and of its macro-mediation, both of 
which fall within the province of functional-representative design, it adds 
the study of micro-mediation, which falls in the province of nomothetic
systematic design. While the reductive approach reveals the technological 
details of the machinery that brings about adjustment, representative de
sign and functional approach have their major place in the appraisal of the 
interplay and relative contribution or weight of environmental factors in the 
adjustment to a given ecology (see especially p. 55). 

r 
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The juxtaposition of systematic and representative design which dominates 
the first half of this book constitutes theory in still another sense. It belongs 
in that part of the philosophy of science which is best labeled comparative 
methodology. One of the major concerns of such a theory about policy- or of 
psychological "metatheory" as Koch (1951) would call it-is with the basic 
unity of the sciences. In present psychological discussion it is often for
gotten that the basic requirement for scientific exactitude is relatively modest 
and does not include the reductionist-nomothetic-systematic syndrome which 
some psychologists have adopted under the spell of a somewhat stereotyped 
image of physics (see Brunswik, 1955). In contrast with this view, we have 
taken the position that in the end the unity of science is best served by a 
working out of the thematic diversity of the sciences within the minimum 
common platform of an objective approach. This diversity of thema involves 
both the aims of the different disciplines and the research design; capable of 
serving these aims. The resultant internal unification of psychology center
ing about the statistical approach has been made clear in the Summary to 
Part One. 

The inextricable entanglement of the methodology of design, on the one 
hand, and of theory proper, on the other, is not always being realized. The 
mediating links between the two are the concepts of generality of behavior 
and of scientific generalization as we have emphasized them throughout our 
presentation. One who understood this entanglement is Hammond (1951) 
when he suggested that the situation created in psychology by representa
tive design may be set in analogy to that in relativity physics." In both 
cases regularities considered universal are revealed as contingent upon a 
limited ecology. As Hammond points out, universality of law presupposes 
homogeneity of the universe. Only under this condition does it matter little 
where and when and over how wide a range of circumstances a phenomenon 
is studied. Only under this condition may experimental design safely be left 
to the convenience and liking of the experimenter and thus become syste
matic. But ecologies are not in all respects homogeneous within the universe. 

The relation between physical law and ecological correlation has been 
illustrated in figure 10. The derivation of the well-known proportionality 
law of physical optics (center enclosure in the left half of the figure) is pos
sible not only from the ecological validities shown but from all alternate 
ecologies (as exemplified by our main sample of 93, vs. the subsample of 59 
situations for which values appear in parentheses). It is therefore evident 
that textural ecology adds valuable probabilistic information to the vastly 
distilled nomothetic information provided by physics proper. As the laws 
of physics, ecological correlations are abstracted and summarized from the 
geographies that make up the respective universes. Since ecological uni
verses are more specific than is the 1miverse of physics, they are best capable 
of furnishing the type of information which finite organisms are able to 

" Hammond has been accused of confusing design and theory; this writer has defended 
Hammond's position in a Note (1951) in which their inseparability within functional 
theory and the doctrine of representative design was pointed out. 
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absorb in learning, notably in probability discrimination with partial rein
forcement. 

For the reasons stated, the laws of triangulation as applied to the external 
situation are of somewhat academic interest so far as the penetrative ca
pacities of the intuitive perceptual system are concerned. In the history 
of psychology the binocular depth mechanism has frequently been absolutized 
as a reflection of immutable physical law; only recently has it once more been 
the starting point for nomothetic treatment (Luneburg, 1947; see also 
Graham, 1951). As always in functional psychology, the question is not one 
of the "existence" of general law, but only one of its accessibility to the per
ceiver with his inherent lack of control over the relevant parameters and 
Mnditions of application throughout the external medium. The limited eco
logical validity of the binocular cues within our cultural ecology is obvious in 
view of the routine exposure of the perceiver to optical instruments as well 
as to flat pictures as a substitute access to three-dimensional reality. 

Surveying what we have said about perception and casually adding some 
of what was not specifically discussed in this presentation, the perceptual 
system appears as a complex instrument aiming at a mapping of the distal 
environment into the organism (§§ V to VIII, XI to XV) . Since perception 
is "persistent" and "docile" (§ XVII) in pursuing this aim, it fulfills Tol
man's criteria for "purposiveness" of behavior (1932, chap. i). Its study 
falls within the scope of the objective approach and requires no recourse to 
consciousness even though it remains true that the use of so-called introspec
tive or phenomenological methods may expedite its progress. 

As to strategy, perception is too limited in scope to abandon the rela
tively primitive and supet·ftcial ("stupid") uncertainty-geared approach, 
with its . competing multiplicity of stereotyped cues of limited ecological 
validity, in favor of the certainty-geared approach of measurement and cal
culation with its tendency to fall back on a single cue for each constituent 
variable. One of the probable results of this rivalry is confiuxion interaction 
(§ IV). 

As to attainment, the consequence is compromise and a falling short of 
precision (§§ V, VII/ 3, XI- XIII), but also the relative infrequency of 
drastic error (§XV). Under highly safeguarded conditions resembling phys
ical measurement (classical tied-variable design, § II) high precision may be 
exhibited but this precision is of limited ecological generalizability (§ III ). 

As to promptness and richness, perceptual actuality reaches considerable 
organizational maturity within fractions of a second (§XVIII), Katz's 
(1911) claim nothwitbstanding that perceptual constancy may reach its peak 
as late as three seconds after the onset of observation . .A.t the same time the 
richness in detail of perception is staggering, even though McCulloch (1955, 
p. 37 f.) claims a ceiling of "a hundred bits [of incidental information] per 
second of sustained reception." The ability of perception to organize informa
tion into cognitively parsimonious units and subunits in overviewing the 
situation is unmatched among psychological functions . I ts speed and rich
ness make up for much of the shortcomings in strategy and attainment. 
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As to attitude, perception is relatively fixed when compared with still 
higher cognitive functions. Habitually it tends to be set toward the bio
logically more relevant distal and social (physiognomic) variables ( §§ XI 
to XV), even though shift spans may readily be increased by proper train
ing ( § XIII/2) and are of considerable magnitude at higher levels of the 
hierarchy of perceptual performances ( § XIII/3) . 

A certain degree of autonomy of perception relative to thinking is evident 
in some of the data presented, notably in those on prolonged familiarity as 
affecting the influence of values on perception (§ XII/ 3), in those on dif
ferences of error distribution and related changes when a critical attitude 
is taken (§XV), and in those on the self-sufficiency and lower develop
mental status of perceptual learning ( § XVII). 

Perception, then, emerges as that relatively primitive, partly autonomous 
institutionalized, ratiomorphic subsystem of cognition which achieve~ 
prompt and richly detailed orientation habitually concerning the vitally 
relevant, mostly distal aspects of the environment on the basis of mutually 
vicarious, relatively restricted and stereotyped, insufficient evidence in un
certainty-geared interaction and compromise, seemingly following the highest 
probability for smallness of error at the expense of the highest frequency of 
precision. 
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