Exp Brain Res (2013) 226:513-523
DOI 10.1007/500221-013-3463-y

RESEARCH ARTICLE

Learning to recognize face shapes through serial exploration

Christian Wallraven - Lisa Whittingstall -
Heinrich H. Biilthoff

Received: 8 October 2012 / Accepted: 18 February 2013 / Published online: 7 March 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract Human observers are experts at visual face
recognition due to specialized visual mechanisms for face
processing that evolve with perceptual expertize. Such
expertize has long been attributed to the use of configural
processing, enabled by fast, parallel information encoding
of the visual information in the face. Here we tested whether
participants can learn to efficiently recognize faces that are
serially encoded—that is, when only partial visual informa-
tion about the face is available at any given time. For this, ten
participants were trained in gaze-restricted face recognition
in which face masks were viewed through a small aperture
controlled by the participant. Tests comparing trained with
untrained performance revealed (1) a marked improvement
in terms of speed and accuracy, (2) a gradual development
of configural processing strategies, and (3) participants’
ability to rapidly learn and accurately recognize novel
exemplars. This performance pattern demonstrates that par-
ticipants were able to learn new strategies to compensate for
the serial nature of information encoding. The results are
discussed in terms of expertize acquisition and relevance for
other sensory modalities relying on serial encoding.
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Introduction

Human observers are experts at visual face recognition.
Consequently, face processing has received a lot of attention
in vision research providing evidence for specialized visual
mechanisms that evolve with perceptual expertize. Among
the hallmarks of expertize face processing are as follows:

* The use of configural as opposed to featural processing
(processing of individual face parts). Three types of such
configural processing have been defined (Maurer et al.
2002, see also Gauthier and Tarr 2002): (1) sensitivity
to first-order relations (individual object parts are better
recognized in the context of other parts than in isolation),
(2) holistic processing (ability or tendency to consider
all parts of an object simultaneously, regardless of the
exact configuration of parts), and (3) sensitivity to sec-
ond-order relations (perceiving inter-feature distances;
individual object parts are placed in the context of other
individual parts).

» Face perception is orientation specific, that is, faces are
processed more accurately when they are presented in the
normal upright position than when they are inverted (for
reviews, see Searcy and Bartlett 1996; Valentine 1988).
According to a long-standing and influential hypoth-
esis of this so-called ‘face inversion’ effect, first dem-
onstrated by Yin (1969), vertical inversion selectively
impairs our ability to extract configural information
from faces, while leaving featural processing largely
intact. This impairment mostly affects holistic process-
ing and sensitivity to second-order relations (Leder and
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Bruce 2000; Schwaninger et al. 2006, Gold et al. 2012).
Whereas an upright face is processed at the global level
of the whole face, an inverted face would have to be pro-
cessed at a more local level, feature by feature (but see
also Sekuler et al. 2004, Gold et al. 2012).

Van Belle et al. (2010) recently showed that the face inver-
sion effect may, indeed, be caused by an inability to perceive
the individual face as a whole rather than as a collection of
specific features, thus supporting the view that observers’
expertize at upright face recognition is due to configural
processing. Using a gaze-contingent stimulus presenta-
tion method to study the visual face inversion effect, they
compared participants’ face discrimination performance
on (1) faces presented in full view with (2) only the central
window of vision revealed by means of a gaze-contingent
aperture and with (3) only the fixated feature masked by
means of a gaze-contingent mask. The authors found a face
inversion effect for faces presented in full view but none
for the second condition, when observers had their vision
constrained such that they could see only through a small
aperture. These results support the notion that the inversion
effect is not primarily caused by a difficulty in perceiving
local detailed facial features but rather by the observers’
inability to simultaneously extract diagnostic information
at different locations on an inverted face, in effect show-
ing that configural face perception is impaired for inverted
faces. The authors, however, did not specifically discuss the
effect of constraining the effective field of view on encoding
strategies. While unrestricted vision can process all aspects
of an image in parallel, so that both local facial features and
their global configuration can be rapidly processed (Tanaka
and Sengco 1997), constraining the effective field of view
limits participants to serial exploration of an object, that is,
it entails piecemeal or feature-by-feature analysis (Loomis
et al. 1991; Loomis and Lederman 1986).

We previously tested the effect of encoding differences
on face recognition performance in unrestricted vision,
gaze-restricted vision, and haptics (the latter as a sensory
modality that is ‘naturally’ limited to serial encoding;
Dopjans et al. 2012). This was achieved by using a gaze-
restricted display that promoted serial encoding in vision.
The gaze-restricted display limited the effective field of
view in vision such that only one feature, determined by the
observer him/herself, was available at any given time on a
face. In a first series of experiments, we compared haptic,
gaze-restricted, and unrestricted visual face recognition of
face masks. Secondly, we used the face inversion paradigm
to assess how encoding differences might affect face pro-
cessing strategies (featural vs. configural face information
processing). By promoting serial encoding in vision, we
found the same pattern of results for haptic and visual rec-
ognition performance using a gaze-restricted display. Not
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only was face recognition performance across the visual and
haptic sense equated by reducing the visual window to the
narrowness of the effective field of view in haptics (due to
a decrease in visual face recognition accuracy as compared
to unrestricted visual face recognition), but we also found
a strong face inversion effect for unrestricted visual but
none for gaze-restricted face recognition. Taken together,
our results suggest that configural processing is enabled
by fast and parallel information encoding and impeded by
restricted, serial encoding.

These conclusions are also supported by two recent studies
by Dalrymple et al. (2010, 2011) in which a gaze-contingent
display was used to compare patients with simultanagnosia
(for whom visual attention is restricted to a small spatial
window) with healthy controls. In one study, participants
were asked to attend to different global or local aspects of
Navon letters consisting of a (global) letter shape made up
of (local) smaller letters (Dalrymple et al. 2010). They found
that the use of the gaze-contingent stimulus display resulted
in significantly higher errors for the healthy controls in
the global task, suggesting limitations in working memory
or failure to integrate across fixations during serial visual
encoding (see also discussion in Dopjans et al. 2012). In
another experiment, fixation patterns for viewing of social
scenes were compared between a patient and healthy con-
trols (Dalrymple et al. 2011). When healthy controls were
using the gaze-contingent display, fixation patterns mim-
icked that of the patient, again showing that serial encoding
results in a change of how visual stimuli are processed and
integrated.

Given these observed effects of encoding differences
on information processing strategies, the question arises
whether participants can learn to efficiently recognize faces
that are serially encoded. It is well established that hall-
marks of expert face processing, such as orientation sensi-
tivity and configural processing, take many years to develop
(Carey and Diamond 1977; Dahl et al. 2009; Hay and Cox
2000; Maurer et al. 2002; Mondloch et al. 2003; Pellicano
and Rhodes 2003; Schwarzer 2000). Inasmuch as we have
little to no training in gaze-restricted visual face recognition
throughout life, it is possible that participants might be able
to develop strategies to compensate for processing differ-
ences introduced by serial encoding. In particular, if partici-
pants were able to learn to accurately integrate information
gained through serial encoding into a more global represen-
tation (e.g., Lakatos and Marks 1999), gaze-restricted face
processing might also benefit from configural processing.

Although real-world expertize occurs on the scale of
years (e.g., Carey and Diamond 1977; Maurer et al. 2002;
Mondloch et al. 2003), whereas typical laboratory training
studies require only hours of training (Gauthier and Tarr
1997, 2002; Malpass et al. 1973), such laboratory train-
ing studies allow for the manipulation of different factors
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that may contribute to the acquisition of expertize, provid-
ing better control over variables influencing this process.
Compared to work on face recognition in general, relatively
few experimental studies of laboratory-acquired perceptual
expertize have been reported (Gauthier et al. 1998, 1999a, b;
Gauthier and Tarr 1997, 2002; Scott et al. 2006, 2008; Wong
et al. 2009). Perhaps the most influential work comes from
the studies of Gauthier and colleagues, who examined the
acquisition of perceptual expertize using novel objects
called ‘Greebles’ (Gauthier et al. 1998, 1999a, b; Gauthier
and Tarr 1997, 2002) or ‘Ziggerins’ (Wong et al. 2009).
The first of these investigations found that training not only
led to faster and more accurate responses, but training also
increased the configural (and thus face-like) processing of
Greebles (Gauthier and Tarr 1997): The study demonstrated
increased reaction time to transformed ‘Greeble’ configura-
tions (studied parts, in a different configuration) compared
to trained ‘Greeble’ configurations (studied parts, in a stud-
ied configuration)—this was only true for upright presen-
tation, however. Tests of generalization of learning after
‘Greeble’ training suggested that learning generalized to
‘Greebles’ that were structurally similar to the training set,
but did not generalize to ‘Greebles’ that were less similar to
the training set (Gauthier et al. 1998).

Taken together, the following hallmarks of the acquisi-
tion of perceptual expertize have been proposed (Palmeri
and Cottrell 2010):

* A marked improvement in terms of speed and accuracy
for expert recognition compared to novices.

* The gradual development of configural processing strat-
egies, more accurately, the development of holistic and
relational processing, as, for example, measured using
the face inversion effect. While novices are largely unaf-
fected by inversion, expert recognition is significantly
impaired when faces are presented upside down. Note
that, in general, inversion as an index of expertize is most
likely only effective for objects encountered in unique
orientations (see Diamond and Carey (1986) for a study
with dog experts, and Reed et al. (2003) for an inversion
effect for bodies).

» The ability to rapidly learn and accurately recognize new
exemplars. That is, expertize allows generalization to
previously unknown members of an expert object class.
More specifically, generalization of learning occurs
when performance improvements with a specific set of
trained exemplars generalize or transfer to previously
unlearned exemplars. Again, note that generalization
will have limits in terms of the stimulus difference that
can be tolerated (Gauthier et al. 1998).

Motivated by our earlier results that serial encoding by
means of gaze restriction seems to equate haptic and visual

performance in face recognition, here we set out to inves-
tigate the degree with which training is able to redevelop
some hallmarks of normal, visual face recognition. In this
study, we therefore aim to trace the development of percep-
tual expertize (as defined by the three properties of increase
in performance, emergence of configural processing strate-
gies, and generalization) in recognition of serially encoded
face masks using a gaze-restricted display.

Participants were trained in gaze-restricted recognition
of face masks on five consecutive days. The pretest on day
one established baseline gaze-restricted recognition perfor-
mance of novices on upright and inverted faces, followed by
2 days of gaze-restricted training on upright faces. The post-
test on day four again tested gaze-restricted recognition
performance for upright and vertically inverted faces. Face
inversion effects were used as one marker of face expertize.
Intuitively, the most obvious way to assess expertize with a
perceptual category is to determine how well experts learn
new exemplars of the category. If our trained participants
were truly gaze-restricted recognition experts, we would
expect them to be able to transfer expertize derived from
our training procedure to new stimuli. We therefore tested
their generalization ability for the learned stimulus class—a
critical test of ‘true’ learning. Finally, we assessed the per-
sistence of any learning effect by repeating the post-test in
another session 7 days after training was completed.

Methods

Because relatively few experimental studies of perceptual
expertize have been reported, little is known about the
best methods for manipulating the level of expertize. It is
obvious that experts are generally more experienced than
novices but it is not clear exactly how much experience is
necessary to produce significant ‘expertize effects’ and how
to determine the reached level of expertize. Here, we chose
to have each participant perform exactly the same training
procedure until a group average criterion of d’ > 3.6 was
reached (d’ is a measure of sensitivity and in this case was
set to an equivalent of 100 % hit rate and 10 % false alarm
rate; in the experiment described later, this translates to only
2 incorrect ‘recognitions’ per participant and block). For
this, all participants were tested on the same day. Moreover,
we opted for a semi-supervised learning task in which par-
ticipants first learned to identify three faces by name (with
receiving feedback) and then performed an old/new rec-
ognition task (without receiving feedback) (Dopjans et al.
2012; a similar task was also used in Dopjans et al. 2009).
This mixed learning design was chosen as previous training
studies have stressed the importance of unsupervised expo-
sure in the formation of expert perceptual abilities (Scott et
al. 2006, 2008). Whereas a fully supervised procedure, in
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which participants received feedback for every trial, might
potentially have resulted in larger training effects, training
(as will be seen later) happened very efficiently even in
this semi-supervised context, in which participants did not
receive feedback throughout the whole experiment.

Ethics statement

The experiments described in this manuscript were con-
ducted with human volunteers. Informed written consent
was obtained prior to any experiment or recording from all
participants. Participants and data from participants were
treated according to the Declaration of Helsinki. All data
were kept and analyzed anonymously. The experiments were
conducted in accordance with the Max Planck Institute’s
IRB and were approved by the local ethics committee of
the University of Tiibingen (Project number: 89/2009B0O2).

Participants

Ten experimentally naive participants (6 females, mean age
of 24.3 years, right-handed) were paid 8 Euros an hour to
perform the experiment. All participants reported normal or
corrected-to-normal vision and had no sensory impairment.

Stimuli

Stimuli in the experiments reported here were two sets of
19 images of face masks (38 images in total—note that in
the following, we refer to faces and face masks interchange-
ably for the purpose of describing experimental results; for a
discussion of the role pigmentation, see Discussion below).
The faces for the two sets were chosen from the Max Planck
Institute face database (Troje and Biilthoff 1996) on the
basis of visual similarity ratings from a pilot experiment to
ensure comparability. For this, frontal face images from a
subset of the database were used in a standard, pair-wise
similarity rating task. The similarity ratings were embedded
in a three-dimensional space using multidimensional scal-
ing. This space was used to identify two sets of faces (set
A and set B) whose average distances in the reconstructed
space were comparable.

Experimental stimuli were generated and presented under
Matlab 7.11 using the Psychophysics Toolbox (Brainard
1997; Pelli 1997). Each gaze-restricted stimulus was created
from photographs of a frontal view of the white plastic face
masks previously used in haptic experiments (Dopjans et al.
2009, 2012). The faces spanned 14.7 & 1.2° visual angle in
the vertical plane and 9.1 = 0.5° visual angle in the horizon-
tal plane and were presented on a black background span-
ning 25.85° visual angle in the horizontal plane and 19.52°
visual angle in the vertical plane. In addition to making the
two face sets comparable in terms of their average distance
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in similarity space, we tested whether there were any dif-
ferences in recognizability of the faces as they were shown
here. We used the old/new recognition task as reported in
Dopjans et al. (2012) and below with 16 participants (not
part of the present study) and found that average recognition
performance for set A was d’ = 2.3, whereas we obtained
d’' = 2.2 average performance for set B. The difference was
not significant (¢;5 = —0.19, p = 0.86).

A Gaussian weight mask (an aperture, whose transpar-
ency values were defined by a Gaussian function) was then
used to uncover the photograph at the position of the mouse
cursor, such that only the (Gaussian-weighted) image inten-
sities in the aperture were visible. The aperture uncovered
a window of 2° visual angle of the underlying photograph
(corresponding to a standard deviation of the Gaussian of
o = 0.5°). This visual angle is equivalent to two fingers at
arm’s length, reflecting the most commonly used explora-
tory procedure by participants observed in previous haptic
face recognition experiments (See Fig. 1 for examples of the
stimuli used).

Experimental design

Participants were trained in gaze-restricted face recogni-
tion using an old/new recognition task on 5 consecutive
days. The pretest on day 1 assessed participants’ ability to
recognize upright and vertically inverted faces using a gaze-
restricted display. During training on days 2 and 3, partici-
pants performed the old/new recognition task on upright
faces only. As participants reached our pre-defined criterion
on day 3, the post-test on day 4 assessed gaze-restricted face
recognition performance of upright and vertically inverted
faces. Participants saw set A on days 1 to 4. On day 5, set B
was used for upright and inverted gaze-restricted face rec-
ognition to rule out that potential learning effects might be
solely due to familiarity with the faces. Finally, six partici-
pants returned for a final session 7 days later (on day 12)
to perform the old/new recognition task with upright and
inverted faces from set A.
See Fig. 2 for an overview of the procedure.

Procedure

Participants were seated about 60 cm away from a computer
screen (21-inch CRT) resting their chin on a chin rest. They
used a mouse to move a Gaussian window, which uncovered
2° of the photograph of the face mask for all trials such that
their visual input was always limited to the small aperture.
Participants were instructed not to move the mouse rapidly
back and forth, as such a method would have produced a
much larger effective visual field, since very rapid scan-
ning differs little from simultaneous dull display (Ikeda
and Uchikawa 1978) due to screen and visual persistence.
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Fig. 1 a Demonstration of the gaze-restricted display: The red circle
indicates the size of the aperture. Only the part of the image inside
the aperture was visible as indicated by the difference in brightness
of the images inside and outside of the aperture. The aperture of 2°

In addition, we recorded the trajectories to check for any
occurrence of these types of mouse movements, as they
would need to be excluded from analysis. No trials had to
be excluded for any participant.

Participants were first familiarized with three upright
faces randomly chosen from set A. We labeled each face
with a short first name. Participants were told to explore the
face masks carefully and to learn their names because they
would be asked to recognize those particular faces later.
During this stage, they were allowed to explore the faces for
as long as they wanted. No further information was given
about the nature of the following experiment during the
familiarization. As the task was fairly difficult, the set of
three faces was the same during days 1, 2, 3, 4, and 12. On
day 5, faces from set B were used to test for generalization.

Each of the following test blocks had two parts: In the
first part of the block, participants had to identify the three

Fig. 2 Experimental design for
assessing expertize development
in gaze-restricted face recogni-
tion. A total of 6 days were

used to test upright and inverted
recognition of face masks. For

a detailed description of the
procedure, see text

Day 1
Baseline

Day 2
Training

Upright
Upright

visual angle was moved over the frontal photograph of the face mask.
b Example of a recorded trajectory during gaze-restricted face recog-
nition

familiarized faces in a forced choice test. After having
passed this criterion, participants moved to the second part
of the block, in which they had to perform a standard old/
new recognition task with several faces.

In the identification task, participants were randomly
presented with the three learned (upright) faces and had to
name each face after exploration. Feedback was provided in
that participants were told whether the face was recognized
correctly or not. Faces were repeated in blocks of three in
randomized order. Each face mask had to be identified cor-
rectly twice before the experiment continued—the minimum
number of test blocks was therefore 2. This identification
task with feedback was repeated before each test block to
refresh memory of the training faces (see Dopjans et al.
2012 for an in-depth discussion of memory effects).

The old/new recognition task immediately followed the
identification task and consisted of 19 trials, corresponding

Day 3
Training

Day 4
Evaluation

Day 5
Generalization

Day 12
Persistence

Upright
Upright
Upright
Upright

Upright
Upright

Structure of a test block

Old/new test with
learned and novel
faces from
distractor set

Identification
of three faces
until criterion
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to 3 old faces (i.e., faces that had been learned in the pre-
vious familiarization stage) and 16 new faces. This asym-
metric design was chosen because of time constraints for
gaze-restricted learning. Face masks were shown one at a
time in random order. Participants were asked to explore
each face mask and to report whether it was one of the three
faces they had learned (old) or not (new). Although explora-
tion time was unrestricted, they were instructed to respond
as quickly and accurately as possible by pressing an ‘old’
or ‘new’ labeled key on a keyboard with their left hand. No
feedback was provided for the old/new recognition task.

The training sessions on days 2 and 3 consisted of 4
blocks with upright faces only (one familiarization phase,
followed by four test blocks of identification/recognition of
upright faces). On days 1, 4, and 12, the experiment com-
prised two test blocks with upright and two test blocks with
vertically inverted (upside-down) faces. During the famil-
iarization phase and during the identification tasks, only
upright faces were used.

On day 5, participants were tested with the same task;
however, this time, faces from set B were used for training
and testing—this was done to test for generalization to a dif-
ferent set of faces. Finally, on day 12, participants returned
for another test of faces from set A to test how well training
effects would persist.

Analysis

The dependent variables for this study consisted of the old/
new response as well as the response time. From the old/
new responses, we determined the hit rates and false alarm
rates, which were then converted to standard &’ scores. D’
was determined for each test block separately and averaged
across test blocks. Response times were averaged across
test blocks as well. We conducted separate analyses for
responses to correct trials only, or for all trials—the results
did not change such that we report here responses to all
trials.

Both d' scores and response times were then subjected
to statistical tests looking for effects of ‘day’ (that is, how
performance changed across training and/or face sets) and
‘orientation’ (that is, how performance was affected by
inversion).

Results

Behavioral data

The means and standard error for day and orientation are
shown in Fig. 3. One-tailed ¢ tests corrected for multiple

comparisons showed that performance was above chance
for each face orientation on each day (all p < 0.01 for all
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conditions). Our pre-defined criterion of d’ > 3.6 for the
whole group of participants was reached after only 3 days
of training (Fig. 3a, we include the pretest in the count of
training days; the range of d’ values on this day was from
d = 2.7 to d = 4.6 indicating that all participants had
learned the task well).

We further analyzed the results for the upright face ori-
entation on days 1-4 using a repeated-measures ANOVA to
test for a learning effect. We found a significant main effect
for ‘day’ (F| g = 167.01, p < 0.001) indicating that face rec-
ognition performance significantly improved through train-
ing. This performance increase was such that post-training
performance seemed even better than for unrestricted visual
face recognition of the same face masks (see Fig. 2a; data
taken from a previous experiment using the same task
and stimuli testing unrestricted visual face recognition,
Dopjans et al. 2009; both this and the present study used
fully comparable participant populations in terms of age,
gender, and handedness—if one allows for statistical com-
parison of these populations, the resulting ¢ tests become
significant with 1,4 = 3.44, p < 0.01).

Secondly, we tested for inversion effects (different recog-
nition performance for inverted than upright faces) on days
1,4, 5, and 12 (Fig. 3b—d). Importantly, a repeated-measures
ANOVA with factors ‘day’ and ‘orientation’ failed to find a
significant interaction (¥, = 2.11, p = 0.18). Hence the
observed improvement in face recognition performance
(main effect of ‘day’ F)4 = 52.06, p < 0.001) was not
accompanied by a change in information processing strate-
gies (replicating and extending Dopjans et al. 2012). Indeed,
conducting planned two-tailed ¢ tests failed to find evidence
for inversion effects on any day (day 1: t, = —1.36, p = 0.21;
day 4: 1y =0.70, p = 0.50; day 5: tg = —1.68, p = 0.11; day
12: t; = —0.87, p = 0.42). A sensitivity analysis shows that
our sample size of 10 participants would have been enough
to detect a large effect size of d, = 1 (equivalent to a differ-
ence in d’ scores of 1 between upright and inverted faces,
divided by a standard deviation of 1), given standard values
of the Type I error probability of « = 0.05, and associated
power of the test of 1 — 8 = 0.8. Observed effect sizes for
paired ¢ tests comparing performances on each single day,
however, average only around 0.18 for all days. This indi-
cates that if there were any group differences, they would be
very small—indeed, much smaller than usually found for
inversion effects in the face literature (e.g., d, > 0.9 for stud-
ies in Jiang et al. 2011).

Thirdly, we used two-tailed paired ¢ tests to compare
face recognition performance on upright faces for stimulus
set 1 (on day 4) and set 2 (on day 5) to test generalizabil-
ity of the observed learning effect to a new set of stimuli
(Fig. 3c). We found a marginally significant difference
between performance on days 4 and 5 (1, = 2.23, p = 0.06,
mean d scores for set 1 of d = 3.7 and for set2 of d' = 3.2,
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respectively). Despite the slightly lower performance, how-
ever, recognition results for set 2 are still far greater than
those for set 1 onday 1 (g = 6.97, p < 0.001). As the selec-
tion of the two sets of faces followed the same criteria (see
‘Methods’ above), the solid recognition performance for
the new face set shows that participants were indeed able
to generalize newly learned strategies for efficient gaze-
restricted face recognition.

Finally, we compared recognition performance on upright
and inverted faces on days 4 and 12 to test persistence of the
observed learning effect (Fig. 3d). Since we were only able
to test six participants for the experiment on day 12, we re-
analyzed performance on day 4 for those six participants
only and used a paired ¢ test to compare performances. We
found no significant difference between results on day 4
and 12 (upright faces: t; = —0.11, p = 0.92, inverted faces:
ts =0.28, p = 0.79). In addition, performance on day 12 was
still significantly higher than that of day 1 (upright faces:
ts = 7.81, p < 0.001, inverted faces: t5 = 5.44, p < 0.01).
Taken together, this indicates that the newly acquired per-
ceptual skill persisted for at least 1 week.

B |nverted faces

Response times

Response times of all trials were averaged across test blocks.
The means and standard errors for each day and orienta-
tion are shown in Fig. 4. We analyzed response times for
the upright face orientation on days 1-4 using a repeated-
measures ANOVA to test for learning effects. We found a
significant main effect for days (F, o = 144.44, p < 0.001)
indicating that participants became faster at gaze-restricted
face recognition performance through training (Fig. 4a).
More interestingly, we compared response times on day 4
(after training) to those from a previous experiment using
the same task and stimuli testing unrestricted visual face
recognition (Dopjans et al. 2009) using two-tailed ¢ tests.
We found only a marginally significant advantage for unre-
stricted visual recognition (t,, = 1.80, p = 0.08, Fig. 4a),
indicating that our training improved response times almost
to ‘normal’ face recognition levels.

Secondly, we tested for inversion effects (longer response
times for inverted than upright faces) on days 1, 4, 5, and
12 (Fig. 4b—d). A repeated-measures ANOVA revealed a
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significant interaction for factors Training and Orientation
(F19 = 14.92, p < 0.01). While we failed to find an inver-
sion effect on day 1 with participants almost being faster
for inverted than upright faces (ty = —2.26, p = 0.07), post-
training participants were significantly faster at recognizing
upright than inverted faces on day 4 (1, = 2.42, p < 0.05).
Furthermore, one-tailed, paired ¢ tests revealed that partici-
pants were significantly faster for the second set of faces
when recognizing upright than inverted faces on day 5 and
on day 12 (day 5: t, = 2.34, p < 0.05; day 12: t; = 2.26,
p <0.05).

Thirdly, we used two-tailed paired ¢ tests to compare
response times for upright faces of stimulus set A on day 4
and set B on day 5 to test generalizability of the observed
learning effect to a new set of stimuli (Fig. 4c). We found no
significant difference between response times on days 4 and
5 (ty = —1.23, p = 0.25). In addition, differences between
response times on days 1 and 5 were still highly signifi-
cant (fy = 8.59, p < 0.001). Taken together, these results
show that participants were indeed able to generalize newly
learned strategies for efficient gaze-restricted face recogni-
tion to a new set of stimuli.
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Upright faces

I nverted faces

Finally, we compared response times on upright faces
on days 4 and 12 to test persistence of the observed learn-
ing effect (Fig. 4d). We re-analyzed performance on day 4
for the six participants, who did the experiment on day 12,
and used a paired ¢ test to compare performance. Again, we
found no significant difference between results on day 4 and
12 (t5 = 0.47, p = 0.66), and again, performance remained
higher on day 12 than on day 1 (5 = 6.03, p < 0.01) dem-
onstrating that whatever strategies participants had picked
up still enabled them to solve the difficult recognition task
after 1 week.

Discussion

We have previously shown that serial encoding similarly
impedes visual and haptic face recognition (Dopjans et al.
2012). In both cases, we failed to find a face inversion effect,
which could be due to promoting featural versus configu-
ral processing of facial information, the latter being widely
considered as a hallmark of expert face processing. This
finding raised the question whether modalities that rely on
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serial encoding of information actually allow for expert face
processing.

Consequently, here we trained participants in gaze-
restricted face recognition to assess whether they can learn
to efficiently recognize face masks that are serially encoded.
In summary, we found (1) that participants became sig-
nificantly faster (almost to levels of unrestricted visual
face recognition) and better (up to and exceeding levels of
unrestricted visual face recognition) at gaze-restricted face
recognition through short training, as our pre-defined per-
formance criterion was met after 3 days of training, (2) an
inversion effect for response times and fixations (but not
accuracy) for trained but not untrained participants, (3) that
improvement in performance did not arise from familiarity
to the faces but transferred to novel faces, and (4) that the
newly learned skills in gaze-restricted recognition persisted
for at least a week at similar performance levels. Our results
therefore suggest that participants in this training did indeed
learn how to learn and recognize faces during the training
procedure.

First, the significant improvement in performance and
response times that we observed during expertize acquisi-
tion represent a clear learning effect. Although participants
received little feedback during training (only during the
identification task), performance improved quickly and
passed our pre-defined criterion after only 3 days of train-
ing (at least 36 trials of the identification task and 228 trials
of the old/new recognition task). Interestingly, post-training
recognition of serially encoded faces even exceeded levels
of unrestricted visual recognition.

It seems clear that expertize should be more than simply
a practice effect involving a qualitative shift in processing
strategies. As mentioned above, we used the inversion effect
as a measure to evaluate the nature of the abilities acquired
by experts in processing faces (Diamond and Carey 1986;
Sergent 1984; Yin 1969): For novices, we replicated previ-
ous results as we failed to find an inversion effect in terms
of accuracy as well as response times, indicating the use of
featural processing strategies (Dopjans et al. 2012). Interest-
ingly, novices even showed a ‘paradoxical’ inversion effect
for response times as they were almost slower on upright
than on inverted faces. While this effect has previously been
shown in prosopagnosic patients, its cause remains unclear
(Farah et al. 1995; de Gelder and Rouw 2000). For trained
participants, however, response times were significantly
faster on upright than inverted faces. Crucially, this differ-
ence indicates that the expertize manipulation produced a
speed advantage for upright over inverted faces.

What is not entirely clear is why our participants showed
this sensitivity in response times and not in accuracy. We
previously found a strong face inversion effect for unre-
stricted visual but none for haptic or gaze-restricted face
recognition novices using our 3D face masks (Dopjans et al.

2012). This inversion effect was found for recognition accu-
racy, as well as response times (for similar results, see Van
Belle et al. 2010). Of course, psychophysical models rarely
allow one to predict a priori whether a difference between
conditions will manifest itself in one dependent measure or
another (Gauthier and Tarr 1997; Tanaka and Farah 1993;
Tanaka and Sengco 1997). Alternatively, novices might not
abruptly switch from one type of processing to another dur-
ing expertize acquisition but rather undergo a more continu-
ous shift of the type of processing. Studying the acquisition
of perceptual expertize with ‘Greebles’, Gauthier and Tarr
(2002), for example, found that holistic processing and
second-order processing—both types of configural pro-
cessing that are affected by inversion—develop on differ-
ent time scales and appear to be very strongly related to the
amount of expertize. This gradual shift in strategies might
have manifested itself in the response time measure first,
whereas an advantage of configural processing for recogni-
tion accuracy might only be established over a longer period
of time with more training. After all, the inversion effect
takes many years to first develop in children (Carey and
Diamond 1977; Dahl et al. 2009; Hay and Cox 2000;
Maurer et al. 2002; Mondloch et al. 2003; Pellicano and
Rhodes 2003; Schwarzer 2000). Future studies with a more
extensive training phase are needed to assess the evolution
of processing strategies during acquisition of expertize for
serially encoded faces and their manifestation in terms of
response times and accuracy, in more detail.

Alternatively, the observed decrease in response time
might reflect the optimization of exploratory strategies.
While the face inversion effect has been shown to be a
robust marker of face expertize (Diamond and Carey 1986;
Sergent 1984; McKone et al. 2006), further studies with our
setup using other experimental paradigms to test configural
processing such as the composite effect (e.g., Hole 1994),
configural changes in features (e.g., Freire et al. 2000), the
Thatcher Illusion (e.g., Boutsen and Humphreys 2003), or
scrambling facial features (e.g., Collishaw and Hole 2000)
are necessary to fully investigate the use of processing
strategies in gaze-restricted face recognition. Moreover,
as we trained participants on upright faces, one might also
argue that the observed inversion effect could be attributed
to a mere exposure effect. It would therefore be interest-
ing to train participants on inverted faces. Robbins and
McKone (2003) have shown that orientation specificity of
unrestricted visual face processing is highly stable against
practice when participants failed to learn holistic process-
ing for inverted faces (in contrast to the situation for objects;
Tarr and Pinker 1989). Whether or not participants would
be able to more efficiently learn processing for inverted
faces using gaze-restricted vision would shed further light
on the question of orientation specificity of gaze-restricted
face recognition.

@ Springer
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Secondly, the most obvious way to assess expertize with
a perceptual category is to determine how well experts learn
new exemplars of the category (Gauthier et al. 1998). After
their training had been completed, our participants per-
formed the task on a new set of faces. Since we found no
significant difference in accuracy or response times between
recognition of face masks from the training set and novel
faces, the expertize derived from our training procedure
appeared to have transferred well to a novel stimulus set.
This finding, again, suggests that through training partici-
pants learned what kind of information is helpful in rec-
ognizing serially encoded faces and that this knowledge is
not based on familiarity with the training stimuli but can be
generalized to novel stimuli.

Thirdly, participants were as accurate and fast at recog-
nizing serially encoded face masks after 7 days without prac-
tice. It would be interesting to rerun the study with longer
time intervals to test for retention of expertize beyond this
time period. In this case, a more detailed study of the explo-
ration patterns—that is, how information is sampled from
the face—would also be interesting to check whether typi-
cal strategies remain intact after a longer time, or if specific
sampling patterns would need to be ‘re-discovered’.

Finally, it is important to note that the present study tested
acquisition of expertize using face masks, that is, faces
lacking natural pigmentation cues. This was mainly done
to enable comparison with our earlier studies on haptic and
(unrestricted) visual face recognition on the same stimulus
set (Dopjans et al. 2009, 2012). Beyond this, several facts
make us believe that the results may be able to be generaliz-
able to recognition of ‘natural’ faces. First, participants in
the unrestricted visual condition (Dopjans et al. 2012) actu-
ally showed a strong and reliable inversion effect—hence,
our face masks support this important hallmark of expert
face processing. Previous studies on the role of pigmenta-
tion and shape cues have been shown to contribute equally to
face recognition (O’ Toole et al. 1999, Yip and Sinha 2002),
such that a lack of either cue might worsen recognition
performance. Russell et al. (2007) found that both faces
different only in shape and only in pigmentation carried
inversion effects showing that both types of information sup-
port configural processing. In addition, a recent study (Jiang
et al. 2011) used a morphable face model to test recognition
effects in faces differing in pigmentation, shape, or both.
They found that inversion had a slightly stronger impact
on faces differing in shape than in pigmentation. In addi-
tion, the composite effect—another type of effect related to
configural processing—was more evident for faces defined
through shape differences. Finally, a prosopagnosic patient
was significantly more impaired in matching faces differing
in shape than in pigmentation. Taken together, these results
suggest that processing of shape can be taken as representa-
tive of normal (expert) face processing.

@ Springer

In future studies, we will investigate the exploration pat-
tern (that is, the information contained in the movement of
the apertures over the face) in more detail. This includes
comparison with fixation strategies from eye-tracking
studies, as well as computational modeling of the scan
path. Despite the similarities between the hand-controlled
aperture task and eye movements, one difference is that
the hand-controlled apertures may still reveal information
between ‘fixation’ locations (these are locations for which
participants remain relatively still, taking in the visual
information) as opposed to the saccadic suppression experi-
enced during eye movements. Note also that in this context,
exploring the face with eye movements is a kind of ‘serial’
processing—the differences between unrestricted visual
exploration and gaze-restricted as well as haptic exploration
are that the latter two do not have access to peripheral infor-
mation around fixations and that integration across fixations
may be impaired. In order to address these issues, we are
currently planning eye-tracking studies to analyze and com-
pare the different exploration patterns.
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