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Selective Integration of Facial Features and Models of Perception of
Facial Expressions and their Intensities

Hideyuki UNUMA and Hisa HASEGAWA

Abstract

Studies of perception of facial expressions have left unresolved issues of information
processing models, including how visual features are extracted from the facial surface and
integrated. In this article, information processing models of facial affect perception and
empirical findings are reviewed with regard to the ability to predict the perceived facial
expressions by human observers. Moreover, the authors propose a new model that indicates
selective integration of facial features to perceive facial expressions and their intensities, and they

summarize the empirical evidence for the model.
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CNETSEIERMEIIBNT, AMAPMME OIS S b b EEE & bd THMEA»D
R T 5 2 EARIB SN C &7 (Ekman & Friesen, 1975; Ekman, Friesen, & Ellsworth,
1972)c %512, Duchenne (1862/1990) & Darwin (1872) DJEBAE 2 WZELIRE, % < OHf%E
BERIFOFMELHEMOBLOOE) & 2 EOEFRNFFH OB OBIRIZEN %25 TTE7 (Ekman
& Friesen, 1978; Essa & Pentland, 1994; Ellison & Massaro, 1997), L% L, &M 2fFEL LT
HIF 5% Ekman & (Ekman & Friesen, 1978) OFRIFLM T AT AIZA BN LI 12, fER

Az AL - RRALGELAE
**F AR A SO TR L A
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DOWFFEIZLT L S EHEORENREA ED & ) R RERAE L R CREOMELFK T L0
&S 2212 L Tidv 2 (Sayette, Cohn, Wertz, Perrott, & Dominic, 2001) o % Z THRIFFIL,
IR & RIEDVHRE SN2 FBERUHLEEIZOWTOWL DO E T IV & EME L,
B OMEIZ L 2 RIBMELET IV OBEWEICOWTELRT b,

RIEHEZHNL L9 ETHET VI, RECEEETIV (holistic models) & 5 &
il ft € 7 )V (feature configural models) 2D} % Z & 25T & % (Ellison & Massaro, 1997;
Schwaninger, Wallraven, Cunningham, & Chiller-Glaus, 2006) . K€ 7V, EHAS 2755
SNZVERE L TERINTWL I E2BEL, JHUIRBARICES THORE—MRIZH
WCHIFEE S5 (Tanaka & Farah, 1991, 1993). 2 OMRILIL, BHOEBSFEEATH M THIR S
N7 2L N L BEOLDTRRENTGEICESIZHE E NS (Tanaka & Farah, 1993) &
W) EBREEIIH L, TOMEIR, /88— VRBAIDETNVIZBIT HHRIEET IV (template-
matching model) DOHFIFEIZHHLT % (Ellison & Massaro, 1997) & b\ 2 X9,

ST U CH BRI L E 7OV IT RSB (feature element) & HFEHE OAHILIZE %
1H¥H (conﬁgural information) % XH$ 5, 72& 21E Bruce (1988) 12 LU, = oz
B2 EIZE EOOHEED & O 2B OZMNERT S LTwb,, fFgsiibe v
(&, 7o ZATEDB IR S NFETIIERN 2 B O AR B R & 25 %\ o2kt
LT, HEHGICET 215 MO B L2 21T 5 2 & THOMERRIBOMEL NI %5 &
BEELTBY, O 5 EBRR S HE SN TE 7 (Searcy & Bartlett, 1996; Leder
& Bruce, 1998; Collishaw & Hole, 2000) o T35 DOFER%Z &KETIVCTHHT 5 2 LIdHEET
H59o

TR X9 % R TV L ARG E TV & EME T Ao B kR L LT, (1)
FHFEB LN S ORPEZ I TRIFMEICEEZH5 2200, £LT (2) IESH
LRGP EARINZALT B, ENED AT I) ANV b ERNEGIZELT D0, L)
TREBIFHIEHTES (Ellison & Massaro, 1997) o FEBAHILE 7V I3 L 215 OB
RS EIEHEEZHET 5 EET 525, ST TIVIIEEEB L OFEZERM ORI L 528
EPOE LTIV A, £72, BRETIVIE—RICHE SN REVPR R L2 EEN 7)) — M
TAEGICET AL EBFE—I 7T —NTEZORFREIR L, REMES T T
HNTHDHI L% FRT HETHTT)ANVET I (categorical models) ThHdH 5 (Etcoff &
Magee, 1992) . ZALZx U THREBRGTMLE T VIELT LS HE SN L RIEO 7 7T 7 v 2k
BAEEST, €& LABORIBERITTOZALIIH L CEENIZHE SN L REL LT 5L %
%2 % (Ellison & Massaro, 1997) o
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AIglE, WFTINSZODEENLRED VL O0OET NV ELEME L, 2512
LIEBARLE TV O 2 586 L oo, #i7: Z B IRREBAHI{LE 7V (selective feature
configuration model) ZEET %o Z OEIRAFFEAHI{LE TV (Hasegawa & Unuma, 2008a,
b) (ZFEHOEAOT 5 N/BIRWLE & 2o DG L 2 EFLEET VLSO
THY, TITIIHME SN D ERNEOEGHZAL & ZRAFFRUE O BIRIERIC X > TEREME
PRESNDZEPBEEN L. EHIZINS DIEZ RS 2 EBRI 2L (Hasegawa &
Unuma, 2008a, b) 23& b CEIHNEIN L. RBICEBHEAHHL L) ETLET IV
DEBRO TN L 5Ibo

HEAHEMEET IV E 2 O

FEEMEEZHEROERWIFMAOHH L L & L2RIEDET IV E LT, Huber & Lenz
(1993) #HIFEH LN TED, WHIEILTLOAAHESINIEEZOLDEHLETCNEDIFT
7wy, HeonZzMEHE TV Y A7 4 v 7 (Brunswik) BORAETH > T, 15 1%
PERL S N7zBE TR S N7 £ 912 (Brunswik & Reiter, 1937) RIEOMEEFRT LI O T
HY, FLABESRE LIS ORBHMELRC LA T T —HMEOWETHWSONTE
(Reed, 1972; Nosofsky, 1991) & O Td %, Huber & Lenz (1993) 137 (pigeon) D347
B & AEE R 2 BRI, 7oL 2 ZHEE L TOEROORE S % KOS TR L
9L L7z INEHEMNFEET IV (linear additive model: LAM) & X RZ L1255, 5D
ERFERIIZ DTV ELRPICTHFT L LD TH - 72785, FEOMBEREM L ME S h b KE
OHEBEPBR SND 2 Lidm ol

MUK LT, Ellison & Massaro (1997) Z2 ¥ a—% 27574 v 7 ACTHEOHEZE L
B ZER L, ZOB LT E V) MR EERIEL TINO P OBREDMNE T 2K
D ESEEOREZIE L 7ze EOIHIE Y AT ANOHREATI D 5 FHE AR IZE 2 EIRHEO
WAL O BB IOV T, BARE2OBENET VI RES N, b0 ETIV
FERBEHEICRS T, BFRSHEARER EOSRBEREKET 2 FETOANMO—KH %3
Y — YRRAIDET IV & L THE DT 5 1L Fuzzy-Logical Model of Perception: FLMP (Massaro &
Friedman, 1990) & Xi¥172c Huber & Lenz (1993) ®E7 )V (LAM) 2SHFE O E O
RAEME L72OI2x LC, Ellison & Massaro (1997) ®E7 )L (FLMP) TIIFEOMEDOREH
PG & RET 5 & SNde, BISHEIC L 2B L FFEEBROME, FLMP 25 LAM 7 Sflio €7
NVEDBBEEORS TG HAT L, FLEERET VTR L) R ERNEBOEE
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RHETX W EATRESIN,

Ellison & Massaro (1997) 2351} % FLMP O EIFHEAO @ 21> O ME S % 18iH T 5
LB TES (Hasegawa & Unuma, 2008a) o 1 & DEETHW & 72 FUMRITTOE & & #
RENZHEBEMOBEETH L. (1) BEBICLLFHEFEERIZBVTRY LFEFEOR
JE &) MR ED MR R B OWRICHPRE S22, oL 2% imiiie 328 —-Ricx
RGET % 2 LATIT O MRS Z v, 72, 3 LIDOE ) RRTERTEL 274 51T,
FLMP |28V T ED L) IZKIEDRE SN L O HPEN W L1122 b 9, (2) FEBRIZB
W CHRE S N HFBC 1 Ekman & Friesen (1975) 7% &% ZBICANTE  OF o - BT
DL SIE E TEAS IO 2 DANRIR S NS, 2 ORI OISR 7 2 355 ¢
EVIH) I L, FIMP #BISH I L 28D LEBOZEGEIR, 2w L ZNh o 2 Wik & 3 5500
T A ODBIEMNLEFICL DLW ZENTE S, 22089 % BRHERFRE
TlE, BIEEPEBIBRIRELAZHRE L TV E) 20HETIEZR , L7ado T
P B SN OB L EEIZOWTOFHH L LR UIHRDL LEDLE DL 21545\,

BRFHEFMEET VORE

Hasegawa & Unuma (2008a) (%, Ellison & Massaro (1997) (2815 % FLMP O % 40
FEICOWTORERE ST 2T, H—EKFOMS, 34bbE—FRAOFmKITIC L 2 HHE
BOMEE B ol 722 I TEHBEROERIEADORIS ZHift & 35 FLMP [FHFHA S
T, BRI TOBBEHEOSEOTFIMED S S22 ET VI Lo Th Lo b, BAN
(21X LAM DR 5 MFE L, BEEOBEEB O — K G TERIEO R S 15 ML E
END ZEDAE S NTze BT SNBENFRIE, FoL D T8I T — % (Yamada, 1993; Shibui,
Yamada, Sato, & Shigemasu, 2001) [ZEDEZHOMHE L HR DR & Chv &) 3 DDFE
BLOENS OB OZEMBEEEAEY _EIF S, Huber & Lenz (1993) & AR XIEHIZH
J5 NSO EIES N — T, INOPLARSNDEEORSOKRICE LTIFRD
EIRLADHY) LIPS, ZOBEEIC X L MMEFEOFREAE TV A5 O FHE L LK S
n7z.

CIT, BESNZ3OOEEMIILTO 2HEO I — FIZ Lo THEfb Sz, £3 34
B RE S (BE) WK LW E, TAbLbLEEEOEESIEZOMEDIEE (tangent)
T, HEOOBESHWIEZNZNOM LMD TR SN, IS OMIZHE 71221t
L7ze SOXDICHBIEALENTERBIC L > THIE SN EEREZ T L L) 52TV
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B ILEE 7V (feature ratio model: FRM) & XML 7zo THUSH LT, 3D DOFEOMixS
W7, 37 bbEOESICHIGT 2EO Fimh o TimE COEERERH, BiOzhzhok
Wb P TOMEE (B3) 2L LT ANET IV, FEUEMEE TV (feature
distance model: FDM) & XiEM 7z, TOETIVIIIE, SREEUE OB 72 B A HiE 2 2 55 &
THETVGE TN/ FRM I 4 DR & RIS 2 Z & 2 IGET % sl TR T
E 7 (feature analysis models) DHIFEIZXFIG L, — 77 FDM (ZFFBAEHILE 7V (feature
configural models) |ZXIGd %,

HEFHATN & o THEE P /O N7ZBIEICE T V25 O FlEE & TIo 748, Al
TEINTRY OFREIZOWTIE 3K = FHNZE L 3 % FDM A b Bl 2 # 4 L 720 FRM
BLUFDM O 1 ZHB LU 2ZHET VIV D 3EKFDM & ) R BGFE & 57l &
2o SHIHBELAROT— 7 ICHLTIE, 3Z#D ) bEEOEZ TN T 22 A R b &
WP R SO EAVRENT, FLBBEINCET IV EDH IO EILD, BEOHEE 24
BIZED 3ERB LU 228 FDM MEOE7 )V L ) b EIMEISHEA L, HE ROEER
LR ThHo720 AU L THRLAOHE S AZZHEEIZE LT, B o8& & FEkIZ 34%
FDM AMBDETIV &) b BHAMEI S G L720S, SEBNOEAIRY OBE LB L TEE
DI EZ OB, M H OB & OB EINL 72,

NS OFERIE, FE SN2 EFOREA T OBIIR 2 ML 5 €7V (LAM) £
Db, FEBISERIN R EAZ D CINA L72ET 0V (weighted linear additive model: WLAM)
Lo THHENSE ZLRRLTD, T2, COEMIMEEINDBEIEICL > TEILT S L
FRbo SHIZZITHEMSNDIFEUL, FEoMLE FRM) X0 b FEH O Z2/H I
MR ESDIHROFEIL (FDM) 23 LICBLEND 2 VRSN b, F72, FEEoME N
BETVPHESNIRIEOMELHTH L2220, RIGOHMEDH T I BV FiETIX
HPHTEZVEREE DI L HIRSIN TV D,

INODOHAREHEE OIS WREPRBEOMEEZRIET 522 L 2R T2 TEARL, it
FDOFEBAATLE T IVICB W TERE STV R WEFBGEIR 2 A L (feature selective
configuration) AEHFFEIZ b LIC L2EREOHEDOREIIH 2 ZLERLTWDLLEFZ L),
Tabb, RIGOMEITHEAMZ GERPOUEL 5 E 2) FEOKFLICEITT TS Wi
BOMEBBIILZ 5N TBY, ZOBRIISHOBRGLEZ & OEIRNHEE (selective
integration) DML TH 2 LFE 2 5 I LW TE %, Hasegawa & Unuma (2008a) 12D X9
AL T 5 GIEHRLILBTE O &G %, S5t (encoding), ## (integration),
Z L CTH%E (decision) D 3EREE L TIREL TWh,

71



wowm F AT &ka !

& 512 Hasegawa & Unuma (2008b) (%, Hasegawa & Unuma (2008a) THW 6 11721y
LD S BIFEOHITE AR E VT WLAM D224 2 15E L 720 7 L EHGEFRM 2 & fillh
EN72100 DFEEE S L1228 DEFFEHA T SN, IO ORBE b & IR S 117 WLAM
PGB L o THR SN RBEOMEOENME GHEfl) hTdw b/, TofR, &
DOBREOARLTIHEEOHE L OO EPEELFEH THL L, BLADESIIBWTIE
O &EB X OEO TEOEEMDE D> TW5DH Z EAIRENT. O EIE, WLAM O %24
PHERTELE LI, RIENEOEBZRETLLDEER b,

KRIEMNBEDETILICH T ESEDEE

AT, RIEOAMEELHAL LD LT 2TV EHE LR, HROWRWR L 2
O OZEMBYIEE 2 28 L U 72BN DS, MR DR O MR D K % AR5E S 5 T HT £ 7V
RERETNVIDOENTHSL I EARENTz, T2, MESNIRGOWBEITEH L2 L
T, RIEMEOESBIEARR S Nz, 41, WLAM OWREREIZ S S TOZRIZB W TR
HENLZ LI ATEL D B2, WLAM 2MET 2 FifE L 02 o O BRDOIHHRA~D
WELOINE, 3 Z2b B ORRE O EBEDSHS PIC SN UE DR D D F
TS, AREGEAIY AT S  HITABEICZ S R N & WLAM & iRk T 5 T hE
WEWMF T2 L TH D,

A B OITIE I, BRI LB X OB O BRI ERIE B L OO FEIC B W TR S
NHEV)WHEZRTL2ERTMEL TE7. Thbh, HEOHMRISHIET 5 A2
IS (superior temporal sulcus: STS) (2B THE &1 C &7z (Hasselmo, Rolls, & Baylis,
1989) %%, —7iTZ OHFMAH R 7% & DFFE O BEFEBIEIRICSUET 2 2 LW 5 H
I2& T % (Perret, Rolls, & Caan,1982; Perret, Mistlin, & Chitty, 1987), & 5 |2 F il 5 %
(inferotemporal cortex) M=z —H ¥ O—#HH5, B, 72L& 2 EH, O, B oMo
L FDOMAEHLEIINET S Z EDHE EN TS (Yamane, Kaji, & Kawano, 1988), 271
O MBI BT E 2N OZEMERPLIE N 2 L2 E DT LHDT
HY, FEwbw 2 AR BRI (ventral stream) 1238V TRELE O BIFRAYLIL S LT
5T EEMIELTWa,

CNHOMBIH LT, RWFEASID 11572 &9 2GRN %2, $2b B4 DR D
HADU 5 NAEFLIZAIG T 5 & 9 BB 2R 2 B IR 7SI S Tn b &

T\, TOEIZE LT, Moran & Desimone (1985) 2345428 (extrastriate cortex), FFiZ
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V4 & %\ WIZTHBEEEIC B 2SR 2 O 2 5 L 72 2 IR TH b, &5
2, BEH R EOREFOERFMLIZ X o T—REEE (VD) 128152 =2 -0 rDInEHN»ZA
THLZEDPEHINTEY CURMKIEREET © contextual modulation), = DIEMEIZ X415
BB VIAND T 4 — K8y 712 X 2RI O ZAL e ST b (Zipser, Lamme, &
Schiller, 1996)c L 72755 T, ARHIZEARET 2 IR FFBL AL O HhR A& B2 10 B 1213 VI
POIRERE L TORGMN BG5BT HLEVPHLEEZIOND,

—75, AWFZEAHET U 72 B O AFFBUEE L L 72 2 RCER Lo Th o7 TOmM
TIEAHR & ) BIFER THERBFR 2RI & A SN D 05 & OBIRPHE Sh L LEDP S
59 o FEICEHTE ORI 2 2012 & & 72 ) O REITFR SN EE 2 METH S . Edwards
(1998) 13 RAFZEALD S 2 HfF L CHEMBITEMOKE 2 BE L7zo 7 RIFELOARY = #
% L 72 Kamachi, Bruce, Mukaida, Gyoba, Yoshikawa, & Akamatsu (2001) 1%, PESF#E L%
NS OBIRO IO P FEEZ BETT 2 HEEREL Tnd, 2O X)) R, S & 5124
RIS Z L R R AT SN ET ML SN D 2 & T, RIFMEMEIIHI -2 RBHE &
MRHT LD EEbNG, RIFZEAIRE L 72 BRI bo T T VL, 20 X9 2t
HZBVTHHREERLHOREY 252 £BT 25 0L LTRET S 2 EPHIRES N5,

&

1) ARWIEI, PR 20 45 IS 2R F RSB e S8R [ ARSI B9 2 GHid OESA AT 9L & 30E
BEAOICH (RS BEHT) ] 12X 2/ &2 72,

513Xk

Bruce, V. (1988). Recognising Faces. Lawrence Erlbaum Associates, Hillsdale, NJ.

Brunswik, E., & Reiter, L. (1937). Eindrucks charaktere schematisierter gesichter. Zeitschrift fuer Psychologie,
142, 67-134.

Collishaw, S.M. and Hole, G.J. (2000). Featural and configurational processes in the recognition of faces of
different familiarity. Perception, 29, 893-910.

Darwin, C. (1872). The Expression of the Emotions in Man and Animals. John Murray, London.

Duchenne de Boulogne, G.-B. (1990). The mechanism of human facial expression. Cambridge, England:
Cambridge University Press. (Original work published 1862)

Edwards, K. (1998). The face of time: temporal cues in facial expressions of emotion. Psychological Science, 9,

270-276.

73



wowm F AT &ka !

Ekman, P., & Friesen, W.V. (1975). Unmasking the face: A guide lo recognizing emotions from facial clues.
Englewood Cliffs, New Jersey: Prentice-Hall.

Ekman, P., Friesen, W.V. & Ellsworth, P. (1972). Emotion in the human Jace: Guidelines for research and an
integration of findings. Elmsford, NY: Pergamon Press.

Ekman, P., & Friesen, W.V. (1978) . Facial Action Coding System. Consulting Psychologists Press, Palo Alto.

Ellison, J.W., & Massaro, D.W. (1997). Featural evaluation, integration, and judgment of facial affect. Journal
of Experimental Psychology: Human Perception and Performance, 23(1), 213-226.

Essa, 1., & Pentland, A. (1994). A vision system for observing and extracting facial action parameters.
Proceedings of the International Conference on Compuler Vision and Pattern Recognition (CVPR’94), Seattle, WA,
USA, 76-83.

Etcoff, N.L., & Magee, ].J. (1992). Categorical perception of facial expressions. Cognition, 44, 227-240.

Hasegawa, H., & Unuma, H. (2008a). Roles of facial features for perceiving the intensity of facial expressions
on schematic faces. Manuscript submitted for publication.

Hasegawa, H., & Unuma, H. (2008b). Selective feature configuration and perceived intensity of facial
expressions in realistic faces. Manuscript submitted for publication.

Hasselmo, M.E., Rolls, E.T., & Baylis, C.G. (1989). The role of expression and identity in the face-selective
responses of neurons in the temporal visual cortex of the monkey. Experimental Brain Research, 32,
203-218.

Huber, L., & Lenz, R. (1993). A test of the linear feature model of polymorphous concept discrimination
with pigeons. Quarterly Journal of Experimental Psychology: Comparative and Physiological Psychology, 46B,
1-18.

Kamachi, M., Bruce, V., Mukaida, S., Gyoba, J., Yoshikawa, S. & Akamatsu, S. (2001). Dynamic properties
influence the perception of facial expressions. Perception, 30, 875-887.

Leder, H., & Bruce, V. (1998) Local and relational aspects of face distinctiveness. Quarterly Journal of
Experimental Psychology:Human Experimental Psychology, 51A(3), 449-473.

Massaro, D.W., & Friedman, D. (1990). Models of integration given multiple sources of information.
Psychological Review, 97, 225-252.

Moran, J., & Desimone, R. (1985). Selective attention gates visual processing in the extrastriate cortex.
Science, 229, 782-784

Nosofsky, R. (1991). Tests of an exemplar model for relating perceptual classification and recognition
memory. Journal of Experimental Psychology: Human Perception and Performance, 17(1), 3-27.

Perret, D.I., Mistlin, A.J., & Chitty, AJ. (1987). Visual neurones responsive to faces. Trends in Neuroscience, 10,
358-364.

Perret, D.I., Rolls, E.T., & Caan, W. (1982). Visual neurones responsive to faces in the monkey temporal
cortex. Experimental Brain Research, 47, 329-342.

Reed, S. (1972). Pattern recognition and categorization. Cognitive Psychology, 3, 382-407.

Sayette, M.A., Cohn, J.F., Wertz, ].M., Perrott, M.A., & Dominic, J. (2001). A psychometric evaluation of
the facial action coding system for assessing spontaneous expression. Journal of Nonverbal Behavior, 25,
167-186.

Schwaninger, A., Wallraven, C., Cunningham, D.W., & Chiller-Glaus, S.D. (2006). Processing of facial identity

and expression: a psychophysical, physiological and computational perspective. Progress in Brain Research,

74



PRI OB A L RIEB L 20 E OMEICET 5 EF IV

156, 321-343.

Searcy, J.H., & Bartlett, J.C. (1996). Inversion and processing of component and spacial-relational
information in faces. Journal of Experimental Psychology: Human Perception and Performance, 22(4), 904-915.

Shibui, S., Yamada, H., Sato, T., & Shigemasu, K. (2001). The relationship between the categorical
perception of facial expressions and semantic distances. Shinrigaku Kenkyu, 72(3), 219-226.

Tanaka, J.W., & Farah, M.J. (1991). Second-order relational properties and the inversion effect: testing a
theory of face perception. Perception & Psychophysics, 50(4) , 367-372.

Tanaka, J.W., & Farah, M.J. (1993). Parts and wholes in face recognition. Quarterly Journal of Experimental
Psychology, 46A, 225-245.

Yamada, H. (1993). Visual information for categorizing facial expression of emotions. Applied Cognitive
Psychology, 7(3), 257-270.

Yamane, S., Kaji, S., & Kawano, K. (1988). What facial features activate face neurons in the inferotemporal
cortex of the monkey? Experimental Brain Research, 73, 209-214.

Zipser, K., Lamme, V. A. F. & Schiller, P. H. (1996) . Contextual modulation in primary visual cortex. Journal
of Neuroscience, 15, 7376-7389.

75





