Bartlett J.C., Searcy J.H., Abdi, H. (2003). What are the
routes to face recognition?In M. Peterson, & G. Rhodes
(Eds.): Perception of faces, objects, and scenes: analytic

l and holistic processes. Oxford: Oxford University Press.
(pp. 21-52).

What Are the Routes to Face
Recognition?

JAMES C. BARTLETT, JEAN H. SEARCY,
AND HERVE ABDI

What is holistic processing of faces? We view it as processing in which
parts or piccemeal features (mouths, eyes, noses, etc.) ( 1) are not explicitly
represented in memory codes (Tanaka & Farah, 1993), (2) are explicitly
represented, but relatively inaccessible to conscious analysis or verbal re-
port (Carey & Diamond, 1994), or (3) are consciously accessible, but
internally encoded or described in a way that is influenced by other fea-
tures (Bruce & Humphreys, 1994). These characterizations vary, but all
are derived from a key observation: piecemeal features of upright faces
are not encoded independently of each other. As Bruce and Humpreys
(1994) state: “it seems to be difficult or impossible to encode a particular
part or ‘feature’ of an upright face without some influence from other,
more distant features™ (p. 152).

[n an early study supporting this observation, Young, Hellawell, and
Hay (1987) created facial composites (i.c.. new synthetic faces) by align-
ing the top and bottom portions of two different famous faces. They also
created noncomposites with the top and bottom portions misaligned (i.e.,
shifted laterally with respect to each other). Participants were asked to
identify either the top or bottom portion of each face. Their responses
were slower with composites than noncomposites, but this effect disap-
peared when the faces were inverted. The pattern indicated that the upright
composites were processed holistically while the inverted composites were
not. Later studies reinforced the conclusion that well-formed, upright faces
evoke holistic processing, while inverted or fragmented faces, along with
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a variety of nonfacial stimuli, generally do not (Carey & Diamond, 1994;
Endo, 1986; Endo, Masame & Maruyama. 1989, 1990; Farah, Tanaka, &
Drain, 1995; Farah, Wilson, Drain, & Tanaka. 1998: Hole, 1994; Tanaka
& Sengco, 1997).

Converging with this evidence that well-formed, upright faces evoke
holistic processing is a second line of work showing that spatial-relational
or “configural” information is more readily encoded from upright faces
than from inverted faces (Bartlett & Searcy, 1993; Friere, Lee & Symons,
2000; Kemp, McManus & Pigott, 1990: Leder & Bruce, 2000; Rhodes,
1988: Rhodes, Brake & Atkinson, 1993). For example, Searcy and Bartlett
(1996) showed that an ordinary face can be made grotesque by (1) moving
selected features (i.e., moving the mouth up and moving the eyes farther
apart), or (2) altering these features (blackening some teeth and discoloring
the eyes). However, while the first effect is reduced when the face is
upside-down, the second one is not (see also Murray, Young & Rhodes,
2000: Murray, Rhodes & Schuchinsky, chapter 3 this volume).

The concepts of holistic and configural encoding are tightly interwoven.
However, the latter seems broader because configural processing need not
be holistic. For example. the processing of relations between adjacent fa-
cial features (e.g.. the distance separating mouth and tip of nose) is con-
figural but not holistic (Leder & Bruce, 2000). Actually, truly holistic
processing implies not only the encoding of interfeatural relations but also
interactive, nonindependent encoding across broad regions of a face. At
the same time, findings supportive of holistic processing are generally
supportive of configural encoding as well. This point is illustrated by the
Young et al. (1987) study discussed above: while the findings stand as
evidence for holistic face processing, the authors themselves couched their
major conclusions in terms of configural processing.

Configural processing—holistic or not—is generally contrasted with
piecemeal featural processing. A number of studies dating from the 1960s
have suggested that piecemeal features play a role in face recognition
(Leder & Bruce, 2000; Macho & Leder, 1998:; Rakover & Teucher, 1997;
Sergent, 1984; Tversky & Krantz, 1969; Valentin, Abdi, & Edelman,
1999). Such evidence that features are also important (Cabeza & Kato,
2000) has been amassed with little knowledge of what piecemeal features
are (but see Rhodes et al., 1993). However, it is implicit in the literature
that piecemeal features refer to aspects of faces that (1) can be measured
or described independently of each other, (2) are local in their spatial
extent, and (3) are marked by discontinuities in the surface of a face. Nose
shape and eye color are typical examples of piecemeal-feature information.

Here we focus on four basic questions that pertain to the nature of
configural face-processing and its interrelations with piecemeal-feature
processing, as well as holistic processing. First, do configural processing
and piecemeal-feature processing differ qualitatively in the sense that they
arc governed by different rules of operation? Although the effects of face
inversion support a qualitative difference, the question is complex because



WHAT ARE THE ROUTES TO FACE RECOGNITION? 23

inversion affects processing of piecemeal-feature information as well as
configural information (Rakover & Teucher, 1997). Second, is configural
processing holistic in the sense that it encompasses the entire extent of
the face. or at least the internal facial region (Moscovitch, Winocur, &
Behrmann, 1997)? Or, is such processing merely local in the sense that it
is restricted to encoding relations between adjacent facial features (Leder
& Bruce, 2000)? Third, what are the roles of configural and featural in-
formation in the learning and retention of faces? While configural infor-
mation has been considered to be critical for distinguishing among faces
in long-term memory, a new face composed of previously viewed features
2is often recognized as old. This “conjunction effect”™ has been interpreted
as evidence that long-term memory for piccemeal features is better than
that for configural information (Reinitz, Lammers & Cochran, 1992; Rein-
itz, Morrissey & Demb, 1994). Finally. are configural processing and
piecemeal-featural processing anatomically distinct, perhaps showing dif-
ferent patterns of hemispheric asymmetries (Rhodes, 1985, 1993)?

In the remainder of this chapter, we review recent studies motivated by
these questions and offer answers to them. Specifically, we marshal evi-
dence that (1) while inversion affects the processing of features, it affects
the processing of configural information in a very different way: (2) con-
figural processing can be holistic in the sense of spanning large facial
regions, though it appears to reflect an optional strategy not used by all
observers, (3) while novel conjunctions of previously viewed features are
perceived as familiar, the sense of conscious recollection that a face was
seen before involves configural processing: and (4) a distributed network
for configural face-processing appears to be separable from one or more
networks used in featural face-processing. Taken together, the evidence
favors a dual-route hypothesis (cf. Sergent, 1984) holding that featural and
configural processing play distinct but complementary roles in perception
and recognition of faces.

Do Featural and Configural Processing Differ Qualitatively?

Facial inversion has been the principal tool used to address this question.
Searcy and Bartlett (1996) examined the perceptual grotesqueness of faces
that were distorted by altering cither their features (e.g.. blackening out
some teeth) or the spatial relations among features (i.e., moving eyes and
mouths). They found that inversion reduced the perceived grotesqueness
of spatially altered faces, but not of featurally altered faces. Murray et al.
(2000) extended this finding, showing discontinuities in the function re-
lating perceived grotesqueness to facial orientation with spatially altered
faces but not featurally altered faces or normal faces (sce also Bartlett &
Searcy, 1993, and Murray et al., chapter 3 this volume). Another relevant
finding from face-matching studies is that while inversion slows detection
of differences among faces, the effect is smaller with featural differences
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than with spatial-relational differences (inversion-upright difference = 78
msec vs. 274 msec. respectively, in Searcy & Bartlett, 1996). Accuracy
measures reveal a similar pattern: Freire et al. (2000) found that accuracy
in detecting spatial differences among faces fell from 81% with upright
presentation to 55% with inverted presentation. By contrast, accuracy in
detecting featural differences was unaffected by inversion (91% vs. 90%,
respectively). Leder and Bruce (2000, Experiments 1-3) extended this
finding from perception to long-term memory. They had observers learn
names for faces that were distinguishable from each other in terms of
either spatial relations (mouth-nose distance) or feature values (e.g.. mouth
shape, eye shape). Inversion of the stimuli at test impaired performance
in the relational condition, but not in the featural (“local”) condition.

These findings suggest a qualitative difference in the effects of inver-
sion on configural versus featural processing. However, recognition tasks
that are focused on features sometimes show inversion effects. Using a
recognition task with different types of foils, Rhodes et al. (1993) found
that inversion impaired the detection of feature-swap foils in which one
facial feature had been replaced with another. Importantly, the effects of
inversion were reduced (or reversed) when the features were studied and
tested in 1solation, devoid of face context. Tanaka and Farah (1993, Ex-
periment 2) made a similar observation: participants were trained to name
several faces and then were tested on their ability to distinguish features
of these faces from subtly different features. The test features were pre-
sented either by themselves (isolated part condition) or in the context of
study faces (whole face condition). Orientation of the stimuli also was
varied, and, as shown in figure 1.1 (panel A), inversion reduced perfor-
mance in the whole face condition, but not in the isolated part condition.

Why should inversion impair processing of features shown within facial
context but not processing of features shown by themselves? A plausible
answer draws on the classic distinction between nominal and functional
stimulus information. If two faces are identical except for nose shape. the
nominal difference between the two faces is featural in nature. Yet, if nose
shape affects the Gestalt of the face, this featural difference might be
perceived as a difference in configuration. What is nominally a featural
difference might be, functionally, a configural difference. In light of this
distinction between nominal and functional facial information, the studies
by Rhodes et al. (1993) and Tanaka and Farah (1993) can be interpreted
as follows: Distinguishing between a previously viewed feature and a sub-
tly different feature shown outside of face context must be based on fea-
tural information. However, distinguishing between a previously viewed
face and a similar face with one altered feature might be based on what
is functionally configural information. Since inversion impairs configural
encoding, it impairs performance only in the latter of these cases.

Yet recognition of features outside of face context is sometimes affected
by inversion. Rakover and Teucher (1997) had their participants view
study lists of features (e.g., 10 drawings of noses) followed by tests con-
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FIGURE 1.1 Effects of orientation manipulations in the whole-face and isolated
conditions of Tanaka and Farah (panel A). Rakover and Teucher (pancls B, C, &
D), and Leder and Bruce (panel D). Pancls A and C show effects of upright
versus inverted orientation at study and test. Panel B shows effects of a change
in orientation between study and test. Panel D shows effects of orientation ar
rest, given upright presentation at study. Predictions of Rakover and Teucher’s
mathematical model for whole-face recognition based on part recognition are in-
cluded in panels B and C.

taining old and new features. The orientation of the stimuli at study and
test was manipulated factorially across four experimental groups. Recog-
nition was higher in the upright-upright condition (M = .79) than in the
inverted-inverted condition (M = .73), but the difference was small and
statistically reliable for only one feature (forcheads) out of five. A greater
reduction in performance appeared in the upright-inverted and inverted-
upright conditions (M = .65 in both cases). In fact, both of these changed-
orientation conditions fell reliably below the upright-upright condition
with each of the five features.

In interpreting their findings, Rakover and Teucher (1997) argue that
inversion impairs processing of isolated facial features, and that this is
why upside-down faces are difficult to recognize. However, even in the
absence of processing impairments, a change in orientation between study
and test can reduce recognition of a facial feature owing to Rock’s (1973)
assignment-of-directions prineciple. By this principle, the orientation of a
form can affect which part is perceived as being top (and bottom and
sides) and this, in turn, can affect interpretation (an inverted smile might
be interpreted as a scowl), as well as recognition (a scowl seen at test



My PERCEPTION OF FACES., OBIECTS. AND SCENES

might be a poor retrieval cue for a smile seen at study). Apart from this
effect of assignment of directions, Rakover and Teucher’s data do not stand
as evidence that inversion impairs processing of isolated features (save.
perhaps, forcheads).

What about recognition of whole faces? Rakover and Teucher’s Exper-
iment 2 examined whole-face recognition in the same set of orientation
conditions of Experiment 1. The results are summarized in figure 1.1,
which also includes: (1) the feature-recognition data from Experiment 1,
and (2) quantitative predictions for whole-face recognition derived from a
model that assumes that only fteature-based processing supports whole-
face recognition (see Rakover & Teucher, 1997). Panel B of the figure
displays (1) the average of the upright-upright and inverted-inverted con-
ditions. and (2) the average of the upright-inverted and inverted-upright
conditions. and reveals the effects of a change in orientation between study
and test (i.c.. the assignment-of-directions factor): whole-face recognition
and piccemeal-feature recognition are equally affected. Panel C displays
performance in the upright-upright and inverted-inverted conditions, and
reveals the effects of facial inversion apart from study-test changes in
orientation: inversion impaired whole-face recognition more than isolated-
feature recognition, and more than the feature-based model predicted. The
effects of inversion in Panel C resembled those of Tanaka and Farah
(1993) shown in Panel A. Thus, the accumulated data support the conclu-
sion that, apart from the assignment-of-directions factor, inversion impairs
recognition of faces more than recognition of their isolated parts. Confi-
gural processing appears to differ qualitatively from piecemeal-feature
processing.

What Is the Span of Configural Face Processing?
(Is it Holistic?)

Three possible answers to this difficult question have been stated or im-
plied in the literature to date. First, configural processing imvolves
template-like structures (Bartlett & Searcy, 1993: Farah et al., 1998; Yuille,
1991) that cover a very large span, perhaps encompassing the entire face
including chin line and hair. Second, data from a patient with object ag-
nosia (without prosopagnosia) have led Moscovitch et al. (1997) to con-
clude that configural processing pertains primarily to the internal facial
region. Third, the configural component of face processing encodes rela-
tions between spatially adjacent features such as the distance between the
eyes or between the mouth and tip of nose (making it local as opposed to
holistic. see Leder and Bruce, 2000). What does the experimental evidence
say?

Well, there is precious little of it. In a pioneering application of mul-
tidimensional scaling techniques to similarity ratings of faces, Rhodes
(1988%) identified 16 configural dimensions (along with I'l featural dimen-
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sions) that appeared to contribute to her participants” judgments. However,
the spatial extent of these dimensions was not determined in the study.

Noting that many configural dimensions might be encoded by observers
in a local way (e.g., eye position might be encoded as eye-to-nose dis-
tance), Leder and Bruce (2000) attempted to determine whether inversion
impairs processing of focal spatial relations in addition to, or instead of,
more global (i.e., holistic) information. Their Experiment 4 employed the
task of learning names for eight schematic, upright, faces that differed
from each other only with respect to locations of their features (eyes,
noses, mouths, chins, and hairlines). For example, one face had its eyes
closer together than did any other face, while another had its mouth moved
down and closer to its chin than did any other face. The subsequent test
required participants to identify upright and inverted faces that were
masked to reveal (1) only the proximal interfeatural relations that distin-
guished them from each other (the isolated-relational condition), (2) the
proximal interfeatural relations along with the outer contour of the face
(the context-relational condition), or (3) only one feature involved in a
proximal interfeatural relation along with the outer contour (the context-
part condition). They also included a whole face (unmasked) condition.
Collapsing over orientation, performance in the isolated-relational condi-
tion was only slightly lower than performance in the context-relational
and whole-face conditions, while performance in the context-part condi-
tion was considerably impaired. Importantly, inversion at test disrupted
performance in all of these conditions (there was no interaction).

Leder and Bruce concluded that “the critical information that is used
in face recognition and that is disrupted by inversion consists of relations
between single features” (p. 534), and that “relational information is pro-
cessed in a local and possibly independent way™ (p. 535). We view these
data differently based on two considerations. First, the inversion effect in
Leder and Bruce remained robust in the (admittedly difficult) context-part
condition. Because the test stimuli in the context-part condition were lack-
ing in local interfeatural relations, this finding suggests that (1) the loca-
tions of parts were encoded with respect to more distal facial features (i.e.,
those of the outer contour), and (2) inversion disrupted this type of en-
coding. Second, because the study faces were always upright, the inverted
condition of Leder and Bruce was, in fact, a learn-upright/test-inverted
condition. As we saw previously, such a condition could confound an
assignment-of-directions effect with an inversion-related impairment in
configural processing. In fact, the data from Leder and Bruce (2000} re-
semble those of Rakover and Teucher (1997; see figure 1.1, panel D). In
both cases, a comparison of an upright-upright condition with an upright-
inverted condition suggests inversion hurt performance in the whole face
condition more than in the isolated condition (i.e., the isolated-relational
condition of Leder and Bruce and isolated-part condition of Rakover and
Teucher). The interactive pattern is weak, but for Rakover and Teucher, it
becomes more convincing if the upright-inverted condition is replaced by
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an inverted-inverted condition (panel C). If the same result were found in
the Leder and Bruce paradigm it would show that, apart from the assign-
ment of directions factor, inversion impairs encoding of global configu-
ration more than relations between adjacent parts.

In sum, recognition of upright faces involves a global type of configural
processing that is disrupted by inversion. This type of configural process-
ing appears to co-exist with the localized processing of piecemeal features
that is considerably less vulnerable to disruption by inversion. A local
form of configural processing appears also to exist, but whether such pro-
cessing 1s impaired by inversion, or simply is subject to effects of orien-
tation on the assignment of directions, has not been determined.

Are Internal Regions of Faces Special?

The internal and external regions of faces can differ in their salience and
effectiveness as cues in face recognition memory (Ellis, Shepherd. & Da-
vies, 1979). However, that these regions might be processed in differing
ways has been suggested only recently by Moscovitch et al. (1997) from
their studies of CK, a victim of closed-head injury. While CK is impaired
at both reading and object recognition, he performs normally in recogniz-
ing faces, as long as the faces are presented upright. Yet he suffers much
more than normal participants when faces are inverted. In a clever exten-
ston of this basic observation, Moscovitch et al. (Experiment 12) compared
CK and controls in recognizing faces of well-known persons when (1) the
external face region had been inverted and the internal face region re-
mained upright, and (2) the internal face region had been inverted and the
external face region remained upright. While recognition performance was
unimpaired in case I, it was significantly disrupted in case 2, especially
with CK. Based on this and other findings. Moscovitch and Moscovitch
(2000) suggested that CK has an intact “face system” that “forms holistic
representations of faces based on orientation-specific global configurations
primarily of internal features™ (p. 201).

While an internal-only view of configural face processing fits some of
the data, it has a problem with one finding reported by Moscovitch and
Moscovitch (2000). In their Experiment 1, they assessed recognition of
famous faces that had been masked to reveal only their internal features
or only their external features. Regardless of mask condition, recognition
was drastically impaired if the test faces were inverted. A “super” face-
inversion effect with external facial features seems to contradict an
internal-only view of configural face processing, as the authors acknowl-
edged. They chose nonetheless to retain their internal-only hypothesis,
arguing that the effects of inversion are not restricted to holistic infor-
mation. Like Rakover and Teucher (1997), they suggested that recognition
of features can be orientation-specific.

Indeed, feature-recognition cam be orientation-specific, particularly
when orientation changes between study and test (as occurs in famous-
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face recognition when the test items are inverted). But it is nonetheless
surprising, by the internal-only view, that the effects of inversion were not
appreciably larger with internal-only faces (where both configural and fea-
tural encoding should have been affected) than with external-only faces
(where only featural encoding should have been affected). As usual, more
research is needed.

An Analysis of Configural Face-Processing
Based on Garner Interference

To test the internal-only view of configural face-processing against the
whole-face view, we turned to Garner’s (1974) selective attention para-
digm. The basic task is to classify stimuli on one dimension while values
on a second, task-irrelevant, dimension (1) remain constant (control con-
dition), (2) vary orthogonally to the relevant dimension, or (3) vary re-
dundantly with the relevant condition (correlated condition). A slowing of
decision in the orthogonal condition as compared to the control implies
that the two dimensions are integral (not kept separate) at some stage of
processing, or that unique configurations emerge from different combi-
nations of levels of each dimension (Pomerantz, Pristach & Carson, 1989).
Integrality and configurality both qualify as subtypes of holistic processing
that differ from separability. The clearest case of separability is simply no
difference among conditions.

In a first test of the whole-face hypothesis, Bartlett, Helm, and Jerger
(2001) had 12 undergraduates perform the Garner selective attention task
using the four stimuli shown in figure 1.2. On each of 24 trials, a sequence
of 32 faces was shown. The task was to classify each face in the sequence
by its internal features (12 trials) or its external features (12 trials). On
half (6) of the trials of each type, all faces were inverted. On the remaining
6 trials, all faces were upright. Finally, within cach subset of 6 trials, there
were 2 trials for each of 3 Garner conditions: control, orthogonal, and
correlated.

On control-condition trials, only the task-relevant features——internal or
external—were allowed to vary. Thus, when classification was by internal
features, the control sequence included only faces A and B, or only faces
C and D (see figure 1.2). Similarly, when classification was by external
features, the control sequence included only faces A and C, or only faces
B and D. On the orthogonal condition trials, internal and external features
varied independently of each other. Thus, the sequence included all four
faces, and participants were required to focus their attention on one facial
region (internal or external), and to ignore the other. On the correlated-
condition trials, the internal and external features were redundant in the
sense that they varied together. In this case, the sequence included only
faces A and D or only faces B and C. A slowing of responses in the
orthogonal condition compared to both others reflects a breakdown in
selective attention that suggests holistic processing.
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FIGURE 1.2. The four face-stimuli used by Bartlett, Helm, and Jerger (2001).
Faces A and B share the same external features as do faces C and D. Faces A
and C share the same internal features as do faces B and D. Faces A and D are
copies of original photographs from a college yearbook. Faces B and C were
created using image-graphics programs by “pasting” the internal region of face
A onto the external region of face D and vice versa.

As shown in figure 1.3 (top panel), the reaction times followed an
interactive pattern consistent with the notion that upright faces were pro-
cessed as wholes. Responses were slower in the orthogonal condition than
in the other two, but this was true only when the faces were upright. The
condition effect and the condition-by-orientation interaction were both re-
liable by ANOVA (F’s (2.22) = 7.34 and 3.72, respectively, with MSe’s
= 2216 and 3371, and ps < .01 and .05), and follow-up analyses sup-
ported the condition effect with upright faces only (F(2,22) = 7.90, MSe
= 3626, p < .01). The pattern of the upright condition corresponds to
configurality, as the orthogonal condition differed from the control and
correlated conditions (p’s < .01 by Tukey’s HSD test) which did not differ
from each other. We also found an overall advantage of external-feature
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