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teopie are well-kuowa tu be proficient at processiag
visual information (Entwisie aua Huygins 1973). They caa do
sophlsticated processing tasxks, aiwost belovw the level of
consciousness, whed the data are presented graphically
(Acnheim 1969). Until the adveut of computer graphics,
however, people were aot aecari; as yood at gemeratiag
grajhical--or iconic--intotaatiou as they were at
assimilating it. Hence most cata were actually cosssmicated
usiny symbols--in the symboiic uwoae, rather tham the icoaic
mode. Now, the problem has vecuuwe how best to use the
iconic mode for commupicatiay iuturmatiom (Buggins and
Entwisie 1974). while theie are some traditiomal iceaic
techniyues, such as maps aud cailtesian graphs, givea the new
capabilities, it becomes wurtuwniie to look for other,
perhaps better and richer wa;s tu use the icomic mode for
communicating iaformation. '

A novel 1counic device ifor coumuaicatiag
muitidimensional numerical iaforuwation was proposed by
Herman Chernoff (1971; 1973). 1Iuis #as thpe cartoon humaa
face. People look at amd process taces costastly. They
have become well adapted to this task and are extresely good
at performing it. Hence peopie would be ezpected to perfora
visual processing on faces vetter than on gthervise
coiuparable visual stimuli. iu ract, some evidence suggests
that the perceptioun of faces is a special visual process
{(Yin 1970) .

To represeut muitidimensiocudi numerical data facially,
variation in each of the couidindtes of the data is
represented Dy variatiom ia cue cuaracteristic of some
feature of the cartoon face. Fror exaaple, the first
component of the data migyht ve iepreseanted by the leagth of
the ncse. Other components would be represeated by others
ot the 18 possible parameters, sucas as the curvature of the
moutn, separation of the eyes, wiitn of the nose, and s0 oa.
Then, the overall value cf one aultidisensiomal datus would
be rejresented oy a single race. 1Its overall
expression-—the observer'!s cwu syuthesis of the various



individuai features—--would cciustitute a single image
depicting the overall positiou ui tane poimt ia its
multidimensional space. Tue variety of possible facial
expressions would represent tue variatioa possible ia a set
of nuserical data. By lcooxiuy at the faces and applyiamg
one's iunate visual processiug sbiiities to thes, an
observer could perform the visuali equivaleats of such tasks
as multivariate clusterinyg or ideutifyiag outliers as easily
as he notices family resemulauces betwees pecple, and by
precisely the same, almost uucouscious mental sechasisa.

kFigure 1 shows now tae LaCes are used to represent
data. Here, each face represeuts the valup of an
eigyht-dimensional datum choseu from an umcerrelated
multivariate normali distrilutaivau. One datus diffexs
signiticantly from the remainiuy 19 on several disensioas.
It is rather clearly and rapialy ideatifiable (by a facial
expression which difrers trow the remaimimg 19), despite the
presence ot cousiderable noise Lroa the nogmal distcribstion.
(It is Face 4.)

Several chanyes were uwaae to Chernoff's origimal faces
for these studies. The nose was changed from & lime to a
triangle, aad its width becawe au additiomal wvariable.
Cheracfr's face height and widta parameters wete replaced by
size and aspect ratio, whica Letter match perceived
dimensions. Soue discouatiuuities ia effecks of chaages ia
face cutline parameters were remecuied by providiag a set of
ratic parameters tfor the outiine. Fiaally, it vas fousd
that reduciny the range of vallalioh OR WSt paraseters gave
a more realistic set of faces; these were preferred because
people are especially attused to very small variatioas ia
realistic taces. (See Jacob (l1970a; 1976b) for the
computer program used to yeueclate the facess)

COMPARING FACES 4u OfniR DISPLAYXS

Tne rirst set of experiuweats (Jacob, Bgeth, amd Bevan
1976) was intended to ascertail wuetaner subjects could
pertcrm common or useful tasks vetter with data displaged as
faces or as traditional icouic oir symeolic displays. Is
each of the two experiments, subjects performed a siaple
task involving a set of syutuetic data. Perfocmance was
compared between subjects wac were yiven the facial
representation for the data auu tuose who were givea other
representations (Chernoff aud Hizvai 1975; Meszich and
Worthington 13974).



A . |
2 3 Y o
6 8
OO
ho) S

10 o 12 o

_ @ &\ 6 3 o .
o s T
18 T 20

FIGURE 1. Example of a Facial Display of an Intensive Care Unit




Experapeat 1

The task i1a the first capciiuent was paired-associate
learninyg, a simpie, standaid task. It consists of askiag
subjects to leara to associdte a nake with each data poiat..
Twelve such points were iegresecated by digits, "glyphs®
{Anderson 1960), polygoms (3iegel, Golduym, and ’tl“l‘l
1971), iaverted faces, and faces. kbach of these displaygs is
illustrated im Figure 2. Tue eutire procedute was tepeated
for tiree differeat dimeasiounaiities. A total of 120
sub jects were used.

Fesults revealed a variet; or efiects, sose autwvally
contouading. There was a clear dimensionality effect as
expected; subjects pertoruweud better on poiats ia
higher-dimensional spaces, siuce they contained a greater
amount of memorizable iuforwation (Egeth 1966). Because the
digit displays lent themseives tu rote rehpacrsal, taey
induced rather good performauce. Tae three—disensionsl
polygcns ygave particularly pooc performsance, psebably
because they are all perspective traasforas of each other. .
The ylyphs were difficult to oiganize percpptually asd
theretore to code, and they cesaited in gemerally peer
performance. Tae cverall resuit, however, was that faces
were at least as yood as auy oi tne other displags, aad
often better.

1ne most interesting obseivation wWas that the iaverted
faces tended to pe difficuit to iearn to label, especislly
when they were of low dimeasiouality. Inverted faces
provide a good coutrol for perceptuai factors such as
complexity, symmetry, and inieyraiity of elesents, bst they
lack the familiarity of faces. i#ence this fimnding suggests
that tamiliarity may be an important factar is lel‘*‘x:g
the superiority of tae face aisglay. That is, the fece does
not appear to be simply che of a uumber of posaible
geometricaily well-designed uisplays, but, tather, it has
uniyue properties.

Experiment 2

sulle the paired—associdte iecarniig task was a steadazd
psychclogical research tasi, it was aot the sert of task to
whicia the faces were intended to be applied im practice.
The second experiment investiyated a realistic aad
practicaily-userul task. dfuis was ciusteriag, or sortiag
into categories, or pattein recoyunitiom.

The task cousisted cf a set of 50 poiats is a
nine—-dimensional space, whicu were to be organised imto five
groups. They were Jemerated iu five clusters, each nozsally
distributed around a ceater poiut, called the prototype.
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FIGURE 2. Example Stimuli from Experiment 1
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The subject's task was tc louk at the five prototypes aad
then assiyn each of the 50 deviaats to a cluster surrounding
one of the five protctypes. Tue correct ansuers vere those
which put deviants with the rototypes fros which they were
generated, and to which they were closest ia Baclideas
distapce. (Conventional cCiuster aualysis proecedures vere
also applied to the deviants, auu taey seccessfully grouped
together those deviants that weie associated with each
prototype.) While tais was a coutrivead task in that
questions were derived frouw the answers, it was outwardly
similar to many realisiic tusks. In a real task, the
subject would have the five prototypes in his siad,
abstracted from nis expericuce or traipiang. He would look
at a new data point aud assigyn it to one of the groups he
knew. For example, a doctor woulu examine the data on a
patient and then assiguo hiu to a ciuster that represeats a
particuldr disease.

As 1ua the first experiacut, tae 55 data poiats were
represented in several diffeient ways, and subjects
performed tue same task wita the alifereat displays: faces,
a seccnd set of faces with tue rangye of possible variatioa
reduced to three-fourths tuat oi the first, polygoas as ia
the first expecrimeant, and diyits. Figures 3 through 6
present the prototypes (top row oi each figute) amnd exaaples
of their deviants (succeediuy Lows) for the four diffsreat
display types respectively. Poiyyons were used here because
they bad been found to be tue petter of the two alternate
grapanic displays used 1B tue iilst experimest, ptobﬁhl;
because their elements are better integrated (Gaczmer 1974).

Fesuits consisted of taue nuaver of errors subjects made
in classifying the 50 goiuts. Tavie I shous the Beaa naaber
of errors {chauce performauce wouid give 40 exroxs) they
made and the mean time (in secouds per card) they took is
sorticy the 50 cards. The two types of faces were fouad

TAbBLE i. Kesults ot wiperiuent 2 — 24 Subjects

Faces :
Faces (3/4 range) Polygoms Digits

Mean no. wWroag 1440 17.49 28.21 31.38

Standard dev. 5.540 5.95 5.47 7.50
Mean time (sec./card) Gould 4.68 4.43 9.89

Standard dev. 1.96 1.75 1.72 3.86




FIGURE 3. Example Stimuli from Experiment 2--Faces
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FIGURE 4.

Example Stimuli from Experiment 2--3/4 Range Faces
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FIGURE 5.

Example Stimuli from Experiment 2Z--Polygons
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FIGURE 6.

Example Stimuli from Experiment 2--Digits




clearly to be superior tc votu the polygons and the digits
at g < 0.001. Sigynificant uliriereuces were mot foumd
between the two face types or betuecean the 30119018 aad
digits. While the polygcmns couiu be sorted as guickly as
the taces, they were not sorted correctly.

The couclusion drawa was tudt subjects perfermed a
realistic and useful task siguliicautly better whea the data
were represented by taces thau wnen they were represeated by
a conventional display (diyjits); or oy a well-iantegrated
yraphic display (polygons). As tae experiBeatal task is a
fairly general one, one undeliyiuy maay specific data
analysis tasks such as diagyuusis, patterm recagmitiom, aamd
cluster analysis, it is claiuwea tnat taces provide a
superior display for many wultivariate applicatioas.
Subjects' comments ou the especiment help explaim this
result. They Leported that they put all the ®happy® faces
in one pile, "angry" ones 1iu aucther, and so om; they fouad
this easy to wo. 1Iu fact, pecause of the represeatatioa,
they were periormiag a faiily sopnisticated sultivariate
clusteriuy task accurately usiay oniy theixr wviswal
processing abilities. For tue otaer displays, they reported
inventing more complicated strateyies, which turned out to
be self-defeatiny.

This synthesis by tue Owserver himself of the various
graphical elements of tae ifaclal alsplay iato a siagle
gestalt is cne of the priucigai advantages of this type of
iconic display. Many other couwwon types of displays coatain
several variatle elements aua coula thus be used for
graphing multivariate data, out ortea such displays
predispose toward a pleceieus, seyuential mode of
processing, waich obscures tine recognition of relatioaships
amony eiements. By contiast, iaces ianduce their observer to
integyrate the display elemeuts iuto a meamnimagful whale,
Previcus research with simgie cartoon faces aad with
photographs of real faces has indicated that observers do
indeed process these stikuli 1a such a whalistic fashioa
(fan 1969; Swmith and Nielseu 1970; Reed 1972).

USING ThHE tach ULSPLAIS

Haviny supported the iustias supposition that the faces
provide a demonstrably good uisplay for Buclideam data of
several dimeasions, the proviem of displaying a specific
type cf actual (rather thau syutaetic) data using faces vas
addressed. The data selected Lor this purpose were the
results of a psycholoyical test iutended to deteraiae a
patient's psychological jpersoaaiity profilge It was thought
that such a profile migat possess a more matural facial '



representation tnan most otuei sourts of data.

lhe torm tae data touk was tae results of five
particular scales of tae liunesuta HLultiphasic Persomality
Inventory (MMPI) (Hathaway aud dcKkiniey 1942). <The U. S.
Public Health Service Hospital iu Baitimorp administers this
test to patients as part ot a coaprehensive health testiag
and evaluation and was ianterested in altermate ways to
display the test results. Tne aospital uses five of the
clinicai scales of the #MPi: aypochondriasis, Depressioa,
Parancia, Schizophremia, aud bhypomanlae.

Foliowling the approacu wotu of Chermnoff and of the
previcus twoc experiments, tue tive compohenpts of aa NNPI
data joint could simply have beea assigned arbitrarily to
five cf the facial features (wuiie the unused features vere
kept at constant values). Tue resuiting facial expressions
and the persopality traits oi uisorders which each
represents would then te learuned by doctors, just as they
have learned the weaninys o tue aumerical data and the
yraphs presently in the gaticut reportse. However, it has
been widely observed (e.g. Secord, Dukes, amnd Bevam 1954;
Harrison 1964) that particuiar raciali expressions tead to
signify particular personaility traits to cbservers with
great consistency. Therefore, i1t the face disgla]s could be
devised in such a way that the expression on the cartoon
tace suyyested the same felsconality traits as those im a
pacticular MMPI report, the iesultiang face displays would
tend to commupnicate the meuuniuy ui the data they represeat
intuitively. To this extent, a seii-explanatory display
would have been comstructed, sowmewhat like am hypothetical
graph in wunich it is not necessary to label the axes,
because the meaninyg of tue curve is inhereatly obvious.

Consiaei, toi example, a particularly unfortuanate
arbitrary assiynment of MMPi scales to facial features, ia
which a smile on the face siyuifiea a patieat sufferiag fros
severe depression. While this couid certainly be learmed,
just as the letters depression oL the shape of the
persocnality profile are learnea, such traimiag would clearly
be a poor utilization of the observer's skills.

Therefore experimpents sele uudertakea to attesapt to
obtain a positive relaticnsuip vetween the five componeats
of tae MUPI score vector and tue 186 variable paraseters of
the tace construction. 1t was uwoped that the resultiag face
displays would be higyhly iutuitive aad suggestive; dike
most computer output forwats wuaicu require the husan
observer to learn to understaud tae computer's lapguage, the
power of the computer woulu here be used to tailor the
display format to suyit aad exgloit the persoa’s imtuitioa
and precouceptions.



Experiment 3

Tne first experiment iua tuis stuay attempted to measure
a relatiouship between HH¥l scores and face paraseters based
on one€ observer's precouceptiols or stereotypes. IThis
corresponded to a transformuation wvetween the five-space of
MMP1 scores and the 18-space oi race paraneters.. Bacause of
the 1sprecision in tae process or perception of persomality
from taces, it was noped tuat a linear sadel would be
sufticiently accurate for usetui results. Subsequeat
analysis of the experimentali resuits for higher-order
interactions showed tnis to ve a reasonable choice.
Moreover, the dimeusionaliit; or tae problem made aay other
modei very much more difricuit to study. Thus a satrix (7)
was proposed to define a liueal transforsation froa the
space ot MMPI score vectors (4 for diagnosis) iato that of
face pacrameters (pj).

A set of 200 races was yeuelated usiang paraseter (p)
vectors chosen frow an 18-variate umniform rasdos
distribution. Figure 7 shows a4 sampie of these faces. Dr.
Faith vilroy, a research gsjcuoicgist at the Public Health
Service Hospitai, then rated eacu of the faces oa the five
scales. She was, in egffect, iadicating vhat MNPI resuits
each cf the races sigmified to uer, or, more specifically,
what FHPI score sue thouyut a person who looked like each of
the <00 faces would receive.

A multipie liumedr reyressiou of the p vectors oa the
d's was computed froam 200 pascs or such vectors, produciag a
T matrix of reyression coefiicients (Jacob 1976a). That
matrix coulad then be used to estimate a p vector (or face
drawing) for aany given d vector (of persomality scoxe).
Such estimated p vectors were coaputed and compared to the
original (stimulus)  vectois; the mean sguared error over
all ccmponents of all the vectors 4a3 0.07497 (components of
the p vectors ranged betweeu «efo and ORG).

fue T mAatrix was dlspiayed ,caphicaéﬁg by computiag the
p vectors that cocrespond to eguaily-spa points aloag the
axes cf tne d space (that i1s, points that zepreseat patieats
who have oniy one pgsycholojyical disorder). PRigure 8 shous
tae resuiting display. ia it, eaca row depicts a series of
patients with increasiny awounts of a siangle disorder.
Because of the ratiung scale used, zero (the first colusa)
represents an ioverse amcuat oi the disorder, one represents
no disocrder {(the origih ci tue u space), and four represeats
a iarge, extrapolated amouut orf the disordez. It was
thouyht that these faces (paiticularliy those ia the column
laselled three) actually coriesponded to coamoa sStereotypes
of the personality traits taey were claised to represeat..
The subject had never seea these taces ROLr amy resesbliag
tnem; rather, they had been deduced from the linear



FIGURE 7. Example Stimuli from Experiment 3
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regression using faces repolted Lo nave more tham ome
discrder.

Solle COMpALisons weie sade petéeen this T satrix amd
results ootained by previous iuvestigatorse. While aa
studles had used stimuli of tais coaplexity or the sase
rating scales, some of tue ouserved relatioas betweea basic
facial feature variations «ud basic eaotions were coafirmed.
Compaiison to the work of dcreivie (1973) and of Harrisoa
(1964) corroborated botu tue aa jor axes of facial vagiatioa
found 1n the T wmatrix anu tuelii ceiationships to variatioa
in emctional states. (As vue miyht expect, these all
suggest that the joint vaiiation 10 the mouth and eyebzous
are tie major deterwinants of ewotional content of the
facial expression; that variation induces variations aloag
axes comparable to Parancia, Uepression, aad
Hypockondriasis.)

An attempt was wade o usteiluwine the importaat factors
or axes incorporated in the traustormation T by perforamimg a
canonical correlation analysis on tue 200 pairs of p amd d
vectors (Morrison 1967, Jatsuoka 1371). ghis proceduxe
£inds pairs of axes in the p aad 4 spaces in such a way that
the ccrrelation between each sucn pair is saxisized and
there is no correlation betdeeu any two paisrs. Thus, all of
the correlation between the two sets of data is coataismed ia
the ccrrelations between paiis ui correspoading azes; aad
the axes in each space are autualiy orthagomnal. The first
three of the axes so discoverea were foumd to be
statistically sigynificant (g < v.001); they gave
correlations of 0.747, 0.652, aad 0.455. These axes are
plotted iacially in Figuie 9, ik tae Same BAARGr as those in
Figure &, except that the ovriyia i1s labelled sexro here
{(center column), and the otuer cclumns show poimts lyiamg .5
and one standard deviaticn away 1a eithetr direction.

The Lirst dXxis appeals to oce reiated to a "happy-sad"
dimension; its counterpart iu tae d space had large amd
opposite loadings oo the Depression and Hyposamia scales.
The second axis had a laiye loading on Parakoia ia onme
direction and on Hypochoudridasis and dyposania in the other,
suggesting toat eye angyle is coumunicative of a raage of
expressions from anyer or iuteusity tao a vacamt or helpless
look. Tne third axis is less suggyestive; it seeams to take
up much of the remaining varianility in the facial features.
The rirst two axes correspgouad ciocsely to the results of the
previcus investigators cited, aud toney are also imtuitively
plausible. These axes couid be used to suggest a aew set of
coordinates for face parauwcteis that match the perceptual
space; but, strictly, they are ouiy pertiseat to the
representation of the WMEI uyata auder study.
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An auditiondad computatioi shosws that the angles in the
F space ovetween the facial repiesentations of the orthogonal
axes ¢if the d space ranged iriow 70 to 112 degrees,
suggestiny that the orthoyouai 4 akes were imdeed perceived
as bteing related to orthcgounal variations ia their fecial
representatioas.

Thus, &Xperident 3 pruvided a iinear tramsforsatioa
from MHPI scores to faces whicu was both intuitively
appealiny and intermaliy cousistent. Further stady was
undertaken in order to valiuate and then apply this
relatiouship.

B e e e

Au attempt was made tu teplicate the previous
experiment witih the same auu witu another subject. A aevw
set of ranuom faces, yemerdted similarly to the first set,
was pleseated to two subjects wuo rated thea as im the
previcus experimeut. Actuali iesponses uwers compared to
those predicted using the T watrix of Experimest 3. .

1he compallisol Was Couivukued by the appearance of
siguiticant respouse pbias. ITaat 13, sSubjects gave
consistentiy higher or ccnsisteutiy lower ratings to the
faces on certain scales. It could be detepmimed that, ia
those cases where tne respouase waquitydes matched the
predictions {approxiuwately uali of the data), the preseat
resuits supported the previous oues ia Qi;.gj%gg as well.
in tihe remaininy cases, heituer support mor comtradictioa
could be asserted. This eaperiusent could have beea isproved
by emtedaing the stiwulus ifaces in a larger group which
would have ianduced subjects to attain the sase seatal set
(and thus tne same respouse blas) as that of the subject
duringy Experiment 3. Insteau, experience froa this
experiment was used to devise a new experisemat shich would
provide a umore powertui test ci the traansferability of the T
matrix reiationshipe.

Experiment >

for tihe relationship i to pe vaiid and traasferable to
otuer observers, it wust apgpeai to 1atuitive stereotypes
that are already present in the winds of most obsexrvers.
Such stereotypes need not pussess any absolute validity;
they need oniy be widely aund uniroraly held ia order to be
exploitable in devisiny a idacial aisplay for NMPI scores.
Thus, this experiweut was desighed to test the applicability
of the stereotypes already uiscovered. Untrained subjects
in the experiment were asked tu wmatch facial represeatatioas
of random hypothetical MMPL scores to altermate



representdtiols Of the sale ddta. Siace the numerical MMPI
scores were not weaninyful cto tne subjects (or to the
inteunded finai users of the Jdisplay), aa
independently—developed testuai cepresentation for MNPI
scores (&ome ef al. 1902) was used in this study.

The 30 subjects were eacu javeu 50 stimuli, am exasple
of which appears in riyuie 10. ia each, the subjects mere
asked to indicate waich cf rue tive faces givea best
corresponded to tae yiven text description. In fact, that
description was the textual regresentatioa of a particular
poiat in the d space. One ui the five faces was the facial
(using tue T matrix) represcutation of the sase poimt, amd
the remaininy faces were representatioas of other,
randomly-selected points.

The priucipai resudit or suterest was vhethear eatirely
naive supjects cou.d select tue race that was claised (by
the results of Experiment 3; to represeat the sase NNPI data
as the text at better thau cuauce pertormance. If the T
matrix had wo wider vaiidii; toau for one subject at ope
time, the subjects woudd uot pecrtora the preseat task; if,
however, the matrix relativuaship corresponded to wvidely-held
sterectypes, the subjects wouid use such tp perfors this
task ftetter tuan a raadom guessiuy hypothesis would predict.
Resuits weie obtained by measuriny the Euclidean distamce in
the iive-dimensiousal d Space betwecen the ezpected answer and
the answer a subject cuose. Sucu a4 distance could raage
from zero (cotrect cuoice) tu 4.5 (the maxiauas diagoasmal
dimension of the hypercube;. Tabie 1I presests these data.
A matched t test on the data revealed that subjects vere
abie, witu aiygynly siganiticant (g < 0.0005) acecuracy, to
choose those faces which were desiyned to commumicate the
same inrormation as the text iteas.

Cne concein wWas that weasuling tae Buclideam distance
between the correct answer aud the answer a subpject chose
tendea to emphasize unimjortalit ditferemnces (betweea two
answers that were both far riow tae correct one) while
obscuringy more important diiiereuces (betweem correct amd
neariy-correct answers). 1o coirect for this, the

1ABLE Ii. Resuits ot wxperimeat 5 —— 30 Subjects

Chance pertormapce 1.571
Mean cbservation 1326
Standard deviatioan 0. 146

t(29) 12.975
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FIGURE 10. Example Stimulus from Experiment 5



transioiwation ELP (—DISTANCs; #a5 Uused as an altermate
measure for scorihyg the experisecuatal results. Further, the
SCOLiny was repeated usiny the reciprocal of the raak-order
distance, in order to elimiuate tae effect of the
arbatrariiy-varying distances vetseen the randoaly-geanerated
stimulus points.* However ali of the measures used im
scoring gave similar results.

The results oi this experiaeut suggest that the faces
plus the T transrormation obtaiued provide a data display
that reguires no training oi the observer, HWithout aay
prior informatiou otner tuau taeir innate facial
sterectypes, subjects were duae correctly to perceive the
data fkeinyg displayed.

Experimeat b

Experiment 5, theu, dewcustiated that the faces could
be used to commuuicate psycuviogical data to maive subjects.
Experiment 2 showed that a paiticuiar useful task could be
performed better aund moke yuickiy waith facially-represeated
data than with several ctuer tepresentatiops. Together, the
experiments suyyest taat tae tacCe aight be superior mode of
displayiny the MMPI data uuder cousideratiom. The preseat
experiment was intended to test this composite hypothesis by
having subjects perform da weahluyiul and realistic task
whicu requires apprehensiou of aiPl data. Various subjects
would perform tue same tass usainy tae facjal aad textaal
representations of the sauwc lPi uata, and their performance
woulid be compared. '

*¥lt wdaS oriyluaidy 1uteudea that the four wrong answers
to eaca yuestion ia this "wuitipie—choice test® would lie at
the same four distalces irow thae correct aaswer for every
stisulus. However, this meuut tuat those four amswers would
be distrivuted pear the suiiace 0L a hypersphere with its
center at the correct aaswei. oveu when the four distaaces
dirfered substantially, the iive iaces isparted a stroag
sense of this geometric ieiativuasuip, and, as a result, one
could use this relationship catneir easily to select the
correct answer im each grouy wituout seeing the guestioa or
knowiny the geometiy explicitly. Skewiag the distribution
of the directions in which tae wiony apsuers lay changed the
coatiguration to an apgroximatiou of a hyper~cone with the
correct answel at its vertexi, out a comparable difficulty
arose. Finally, randousiy-vaiyiuy dastasces were persitted,
and the experimentdl results wetre scored usiang both actual
and cank-order distauces.



A truiy realistic tdss wWouid bDe the diagnosis and
treataent of a real patient, tae results would be measured
by evaiuating the patieut's wecii-weing at the coaclusioa of
the treatment. Uufortunatei,, tnere would be far too many
contoundinyg variables in such au experimeat (as well as
practical problems). Insteau, a crude task, amalogous to
psychaclogical triage, was uevised. Subjects vwere asked to
rate the overail emoticnai seli-peing of am hypothetical
patient, given his MYPI test scoies preseated ia ome of two
ways. Their success would pe acasured by compariang their
resgonses to the responses or a ciinical psychalogist who
studied tae unprocessed anuwericai HHel scores. Thus, to the
extent tihat 4 naive subject's respoases, using the facial or
textual represeuntation, corresgoaded to this baseliame, it
could be claimed taat, thiouya the use of that
representation for the data, ke was able to perfors the same
task as the trained psycumoloyist.

TalIty—two Subjects wele eacas yivem 50 stimuli, each of
whicn resepbled either Figure 11 or Figure 12. Ia each
case, the subject was vbeiny askeu to rate a ramdos poiast ia
the d space (represented faciaily or textually) for
emoticnal weli-beiny.

Fesulits were obtained w; weasuring the correlatiaa
coetricient vetweed a subject's ratings and those of the
psycncloygist. A chance bypotuesis would have predicted zero
correlation. TIThe mean correldation scores over subjects are
presented in Tabie III. First, one can observe that
subjects! performance exceeded Cuance expectation
significantly (p < 0.005) iui coth taces amd text. DJNext,
conventional and aiso paiited-cuservation § tests were amade
to find the difference betscen the two display types. Both
tests showed that subjects pertuvimed the task sigmificamtly
{(p < C.005) vetter when giveu tue text tham whea givea the
faces.

Some 1nsigat into tonis unexpected situatioa may be
gained by studyisg the text uisplays in moge detail. It
appeared that the wmore distuirbed a patieat was, the loager
his text descripticn was. ueuce subjects' respoases to the
text could have oeen based oh tuls inadvegteat icoaic
content of the text display, taney could have beea
respotding to the guantity oi text rather tham to its
meaning. 4o test tais, ah aigyorithm that rated the
emoticnai weil-beiny of a pdtieut based oaly on the guamtity
of text in the textual represeantation of his MMPI score vas
applied to the experimentai stimuii. As shounm ia the table,
the algorithm achieved siljutly itetter performaace than the
subjects who used the text uispiay. Thus the superior
pertformance of the text displays couid be explained by their
unintentional i1counic coateat; or, illiterate subjects could
have produced the same responses iroa the text displays as
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FIGURE 11. Example Face Stimulus from Experiment 6
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did ccidieye students.

The conclusions o1 tuis experibent are, them, umclear.
While the text displays ihuuced better performance, this
turned out to be explainabie by au irrelevaat property they
were found to possess. Neveitheless, the usefulness of
faces for ianduciny good pecioiwance in processiamg Buclidean
data mas established by Expeiriment z; amnd the ability of
the transformation discoveicu i4 siperimemt 3 to trassasit
data facially without traininy was established by Bxperimeat
5. These continue to sugyest taat an improved versiom of
Experiment 6 would indicate superiority for the facial
representation.

The Ortnogoual supspace

A set 0f additioual stimuii were appended to the facial
porticn of Expeciment 6 ih videl to examine another idea.
(Since these followed the regyusar stimuli, they did not
aftect supject's respouses to tueuw.)} The faciu{
representation ot the MHMFPI disorders coasisted of a
five-dimensional subspace vl tune 18-dimensional space that
represeuts all possible Vaiues of face paraneters. There
remains an ortnogonal 13-dimeusional subspace of facial
variation. Under the liuesrity assumption of Bxperimseat 3,
any variation in this subspace suould have no effect om the
MMPI-related uweauwiny of a faciai expression. Im particular,
if variation in this 13-diwensional subspace were
superimposed upos a race that iay 4t the oxigin of the
five-dimensional d space (i.g., cue that vas the facial
depiction of a uormal HBMEI scorej, all of the resultiag
faces should aiso depict Lurwal MEPI SCOre@Se..

1ABLE 1il. Results coi wxpetiweat 6 -- 32 Subjects

-

Text Faces
Mean correldatiol Scofe ' 0.644 0.399
Standard deviation 0.095 0.1
Dif fereunce frowm chauce--t{s1lj 38.485 20. 416
Difterence vetweeu weans-—t{vd) 9.533
Paired observatious diffeicnce--t(31) 8.823

Score usihy text aijyorlithuw 0.667




Figjure 13 suows tne fdacial iepreseatation of five
arbitraril y-selected, mUtuaidiy-orithogonal axes lyiag ia this
13-disensional ortaogounal subspace, they are plotted im the
mauner of rFigures 8 aud 9, with oue row of faces
represeatinyg movemeust aicny ovae ax15 and the origim at the
center of each Low. 4&xauwinatiou of taces ia this subspace
sugyested that the partition oi the facial variatioa iato
two distinct orthoyonal subspaces wigat be a more stable one
tnan the further partition vt tae d space imato its five
MMPI-disorder axes, which was testea in the previous
experiment. (Both oi tuese paltitions are a direct result
of the reyiession dnaiysis oi baperiment 3,) It appeared
that tue two subspaces depicted an gRotighdld componeamt aad
an identification compouent oi iacial expressioans. The
latter represents variatioas tuat help distiaguish the faces
of particular individuals wut tiansmit little emotional
content.

10 eXamiue tuls uotiouk, 1u duditional faces
representing normal ¥MPI scores plus random variation im the
orthogyonal space were gyeueratea. These faces all projected
onto the origiu of the d spgace. that is, while they varied
alony tive of tae axes ot thne ortaogomal space, they
coutained no variation alouy auy of the five MNPI disorder
axes. If the d space 1udeed spaununed most or all of the
tacial variation attrikbutauvic to psychelogical disturbance,
these taces shouid have been cousistently rated "eamotionally
well," even thouyh they couteined considerable
“pon-psycnoioyical" variatioa. Iney caa be viewed as
representiny psychoiojicaliy—uvrmal people of varying
physical and ethnic characteiristics. Ia opder not to affect
the subject's wental calibratiun Wwith respect to the
possitle rauge of variatioa or tue taces, five
psychciogyically-aonormai fdces weie intersized among taese
faces.

Tae Cesults L[OF thls auded portion of Bxperimeant 6 were
straightrorward, in coatrast to twose above. If the three
points on the ratiny scale aie considered zero (morsal),
one, aud two, the meam ratingys tur the two sets of faces are
1.575 for faces in tne d spgace afd (G.584 for faces im the
orthogyonai space. Chance lespouases would have givea a mean
of cne, so the observed scores savwed significaatly (@ <
0.0005) uwore psychologyical uistuivaace tham chance for the 4
space aud significantly less tor the orthogoaal space.

Thus, the variation in the purpoirtedly non=psycholagical,
orthogonal subspace of Lacial variatiop was iasdeed perceived
as naving relatively little psycaviogical mesning. This
suygests that a reasonable partition of facial variatios
1ntc two types way have Lech uiscovered; it could be used
to coustruct displays tuat coumunicate ia a single face both
psychclogicai aud noa-pgsycuuvioyical data, pach in its ovas
subspace, wita redatively iittie mutual iatexfereace.
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FIGURE 13. Facial Representation of the Axes of the Orthogonal Subspace



COhCuLlUnIunsS

IWO pLl0Cigad conclusious die drawn fros this study.
First, computer—produced fdaces ate a particularly good
representation tor iaduciny sugerior perforsance of useful
tasks on multivariate metricai data. Experiseats with other
iconic aud sympoiic displays ludicate that it is the facial
display itself, aot merely tue iconic mode, that acceunts
for this superiority. Second, tae stereotype meaniag
already present in faces cui be utiiized in coastructiag a
facial aisplay. It was possitle to measure amd them exploit
such meanimny in order to create a demoastrably
self-explanatory display for a particular set of data.
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