Selective Attention Among Presumed Classifiers in theHuman Face Recognition System Peter Kalocsai & Irving BiedermanUniversity of Southern CaliforniaHedco Neuroscience BuildingLos Angeles, CA 90089-2520kalocsai@selforg.usc.eduib@rana.usc.eduPoster presented at the Meeting of the Association for Research in Vision and Othalmology, FortLauderdale, FL., May, 1995.The authors thank Professor Christoph von der Malsburg for his help in making the FaceRecognition System available, to Jean-Marc Fellous for his management of the FRS, and to J�zsefFiser for his help in processing the face images. This research was supported by the McDonnell-Pew Foundation Program in Cognitive Neuroscience grant T89-01245-029 and the U. S. ArmyNight Vision and Electronics Sensors Directorate (NVESD), ARO grant No. DAAH04-94-G-0065.

OverviewPurpose. Theorists have posited that separate modules code for different aspects of faces. Towhat extent can people selectively attend to one of these variables while ignoring the others? Method. Subjects judged whether a pair of brief (100 msec), masked, sequential presentation offaces were of the same individual, expression (neutral, smiling, surprised), gender, or orientation(0�-60�). The hair and clothing were occluded so the subjects had to rely on the face itself. (Whichfaces are of the same individual? Which are female? Answers below.) The image similarity ofeach pair of faces was assessed by a model (Buhman, Lades, and von der Malsburg, 1990) withunits approximating the activation of a lattice of V1 simple cells. This allowed specification ofphysical (image) similarity across the qualitatively differing variables. On this scale, for example,the image variation for orientation was large relative to that produced by gender. Results.Variation in an irrelevant attribute (or attributes) generally interfered with the speed and accuracyin judging two images to be the same, indicating a failure of selective attention. Gender was theexception to this pattern. Overall, performance correlated highly with the similarity valuescalculated by the model, so that greater similarity produced shorter RTs and lower error rates.That is, the magnitude of an effect of an irrelevant variable on a judgment could generally bepredicted from the magnitude of its image variation. Gender judgments were an exception to thispattern. Conclusion. A model of V1 simple cell similarity space predicts judgments of identity,orientation and expression, indicating that the presumed modules, ifthey do exist for theseattributes, cannot be accessed independent of the original V1 image variation.

Which of the following pairs of faces (left and right) are the same or different individuals?

Purpose There is some evidence for separate neural loci for processing of facial expression andidentity (Hasselmo et al, 1989; Perrett et al., 1984), orientation (Perrett et al., 1992) and gender(Bruce, et al., 1987). ¥To what extent can facial characteristics - Identity, Expression, Orientation, and Gender -be judged independent of variation of the other attributes? ¥As irrelevant attributes differ the face images become less similar. To what extent isperformance predictable from a simple cell similarity space (discussed later)? General MethodIn separate experiments subjects judged whether two faces (same age, no hair or clothingor easy features) were of the same or different individual, had the same or different gender,expression, or orientation. The faces were viewed briefly (100 msec) and sequentially (with masksafter each image). The two faces could differ in orientation by 0 to 60 deg (from 20 deg left to 40deg right) and emotional expression (neutral, happy, surprise).

Judging IdentityVariation in Expression, Orientation, and Gender all interfered with judgment of Identity asshown below.

600610620630

Reaction Time (msec)Expression

101112131415

Error Percentage (%)Expression Same Different Same DifferentEffect of Expression on Identity

600610620630

Reaction Time (msec)Orientation difference

101112131415

600610620630

Reaction Time (msec)Gender Same Different

101112131415

Error Percentage (%)Gender Same DifferentEffect of Gender on Identity** Presented data is based on different identity trials.

Judging ExpressionVariation in Identity, Orientation, and Gender all interfered with judgment of Expression asshown below.

600610620630

Reaction Time (msec)Identity Same Different

101112131415

Error Percentage (%)Identity Same DifferentEffect of Identity on Expression

600610620630

Reaction Time (msec)Orientation difference 0 degree 20 degree 40 degree 60 degree

101112131415

Error Percentage (%)

Same Different

101112131415

Error Percentage (%)Gender Same DifferentEffect of Gender on Expression

Judging OrientationVariation in Identity, Expression, and Gender all interfered with judgment of Orientation asshown below.

151617181920

Error Percentage (%)Identity Same DifferentEffect of Identity on Orientation

500510520

Reaction Time (msec)Identity Same Different

500510520

Reaction Time (msec)Expression Same Different

151617181920

Error Percentage (%)Expression Same DifferentEffect of Expression on Orientation 500

2021

Error Percentage (%)Gender Same DifferentEffect of Gender on Orientation

Judging GenderVariation in Identity, Expression, and Orientation had no effect on judgment of Gender. Thisresult is remarkable because image variation produced by gender differences were small relative tothat produced by the other variables.

600610620630

Reaction Time (msec)Expression Same Different

67891011

Error Percentage (%)Expression Same DifferentEffect of Expression on Gender

600610620630

Reaction Time (msec)Orientation difference

67891011

Error Percentage (%)Orientation difference

Same Different

67891011

Error Percentage (%)Identity Same DifferentEffect of Identity on Gender

Simple Cell Similarity Space of Images of facesThe simple cell similarity of the images was determined with the Buhmann, Lange, & vonder Malsburg’s (1990) simple cell (SC) model for face recognition.General Structure of the SC ModelArchitectureThe SC model first convolves each input image with a set of Gabor kernels at five scalesand eight orientations arranged in a 5 x 9 lattice (figure below). The positioning of the lattice overan image is shown in the left hand column, labeled (a) of the figure with faces below. The set ofkernels at each node in the lattice is termed a �Gabor jet.� The activation values of the kernels ineach jet along with their positions are stored for each of the images to form a �gallery�.

Input (feature) layerObject (memory) layer

Stored object representation

Multidimensionalfeature detector

Matching algorithm

The direction of diffusion

Different orientation-same expression

Distribution of variance in the stimuliA calculation of the contribution of each variable to the total image variation of the stimulusset showed that gender difference produced the smallest magnitude of image variation andorientation the greatest.

61%8%25%6%Orientation

ExpressionIdentity

Gender

Regression FunctionsThe regression functions for identity, expression, and orientation have very similar positiveslopes indicating that image similarity had approximately the same effect on these variables.Gender was an exception to this general rule in that image dissimilarity had no effect on genderjudgments.

5605806006206406600204060

Reaction Time (msec)Dissimilarity Measure (%)

5405605806006206400204060

Reaction Time (msec)Dissimilarity Measure (%)Identity r = .73Expression r = .54

4404604805005205400204060

Reaction Time (msec)Dissimilarity Measure (%)

5605806006206406600204060

Reaction Time (msec)Dissimilarity Measure (%)Orientation r = .67Gender r = -.05

Conclusions ¥Selective attention is only possible for gender; judgment of identity, expression andorientation are all affected by variation in the other attributes. ¥A model of V1 simple cell similarity space predicts judgment performance of identity,orientation and expression, but not gender.References:Bruce, V., Ellis, H., Gibling, F. & Young, A. (1987). Parallel processing of the sex and familiarity offaces. Canadian Journal of Psychology, 41, 510-520.Buhmann, J., Lades, M., & von der Malsburg, C. (1990). Size and Distortion Invariant ObjectRecognition by Hierarchical Graph Matching. In International Conference on Neural Networks, (pp.411-416). San Diego.Hasselmo, M. E., Rolls, E. T., & Baylis, G. C. (1989). The role of expression and identity in theface-selective responses of neurons in the temporal visual cortex of the monkey. Behavioural BrainResearch, 32, 203-218.Lades, M., Vortbr�ggen, J. C., Buhmann, J., Lange, J., von der Malsburg, C., W�rtz, R. P., & Konen,W. (1993). Distortion Invariant Object Recognition in the Dynamic Link Architecture. IEEETransactions on Computers, 42, 300-311.Perrett, D. I., Smith, P. A. J., Potter, D. D., Mistlin, A. J., Head, A. S., Milner, A. D., & Jeeves, M.A. (1984). Neurones responsive to faces in the temporal cortex: Studies of functional organization,sensitivity to identity, and relation to perception. Human Neurobiology, 3, 197-208.Perrett, D. I., Hietanen, J. K., Oram, M. W., & Benson, P. J. (1992). Organization and functions ofcells responsive to faces in the temporal cortex. Philosophical Transactions of the Royal Society ofLondon B, 335, 23-30.