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Abstract

Recent evidence indicates that comparison of two similar faces can aid subsequent discrim-
ination between them. However, the fact that discrimination between two faces is facilitated
by comparing them directly does not demonstrate that comparison produces a general im-
provement in the processing of faces. It remains an open question whether the opportunity
to compare a “target” face to similar faces can facilitate the discrimination of the exposed
target face from other nonexposed faces. In Experiment 1, selection of a target face from an
array of novel foils was not facilitated by intermixed exposure to the target and comparators
of the same sex. Experiment 2 also found no advantage for similar comparators (morphed
towards the target) over unmorphed same sex comparators, or over repeated target expo-
sure alone. But all repeated exposure conditions produced better performance than a single
brief presentation of the target. Experiment 3 again demonstrated that repeated exposure
produced equivalent learning in same sex and different sex comparator conditions, and
also showed that increasing the number of same sex or different sex comparators failed to
improve identification. In all three experiments, exposure to a target alongside similar com-
parators failed to support selection of the target from novel test stimuli to a greater degree
than exposure alongside dissimilar comparators or repeated target exposure alone. The
current results suggest that the facilitatory effects of comparison during exposure may be
limited to improving discrimination between exposed stimuli, and thus our results do not
support the idea that providing the opportunity for comparison is a practical means for im-
proving face identification.

Introduction

It is commonplace to carry some form of photographic identification in modern society. This
form of identification is required in a variety of environments from workplace entry to immi-
gration. Moreover, photographs are frequently used as a means of identifying wanted
persons—something exemplified in the way that, during the 2003 invasion of Iraq, soldiers
were issued a set of playing cards depicting the faces of the most wanted members of Saddam
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Hussein’s government. However, despite the reliance on photographic identification, the ability
of people to accurately match between a photograph and the individual in question is typically
poor [2]. For example, the field study by Kemp, Towell, and Pike [3] found that supermarket
staff failed more than 50% of the time to notice that customers had presented photo identifica-
tion which did not depict that individual. This occurred despite the staff knowing that they
were under observation and taking part in a study. The difficulty that people have in matching
between images of unfamiliar faces has also been well documented in laboratory research even
under ideal viewing conditions [4] and with good quality images [5]. Indeed, even though
there is some suggestion that feedback training can improve matching performance with unfa-
miliar faces, this improvement is restricted to individuals with initially poor face matching abil-
ity, and substantial error rates persisted even after training [6]. More generally, there is a
wealth of experimental evidence from laboratory tests indicating that the processing of images
of unfamiliar faces is substantially inferior to that of familiar individuals, especially when
changes in image quality are involved. In stark contrast, our ability to recognise a familiar face
from a photograph or picture is good even after a long time [7] and under a variety of different
viewing conditions (for reviews see [8, 9]). The fallibility of human face recognition when pre-
sented with unfamiliar individuals highlights the limited value of using photographic identifi-
cation in many circumstances.

Many studies on face perception have examined the observed differences in processing be-
tween familiar and unfamiliar faces. For example, internal features (e.g., the eyes, nose and
mouth) have more influence than the external features (e.g., hair or face outline) in the recogni-
tion of familiar faces while the influence for feature types is reduced or reversed for unfamiliar
faces [10, 11]. Further, it has been shown that it is easier to detect a difference between two pic-
tures which are familiar compared to when they are novel [12], and that recognition is superior
for familiar faces compared to unfamiliar faces using poor quality images [13]. Moreover,
changes in viewpoint or expression for familiar faces have less impact than the same changes to
novel faces [14].

Given the differences between familiar and unfamiliar face processing, one potential strate-
gy to improve recognition of novel faces is to use a period of familiarisation training. For exam-
ple, encouraging in-depth processing by making personality judgements can improve later
recognition [15], as can giving relatively long periods of exposure to the to-be-remembered
faces [16, 17]. In other cases, an improvement in face processing has also been reported using a
comparatively small period of familiarisation. For example, Clutterbuck and Johnston [18]
demonstrated that 10 two-second exposures produced better performance on a face matching
task than was seen with novel images. This improvement was selective to the internal features
of the face. In addition, relatively brief exposure (5 x 2 s) can facilitate discrimination between
pairs of faces made similar by morphing them with each other [1, 19].

One explanation for these improvements is that they all offer the opportunity for compari-
son between stimuli. Indeed, Mundy et al. [1] demonstrated that it is the schedule by which sti-
muli were exposed, rather than simply the amount of exposure that determined the
improvement in performance. For example, alternating or simultaneous exposure of different
faces was more effective at facilitating discrimination between them compared to presentations
of each face in separate blocks. Indeed, the facilitatory effects of intermixed exposure on subse-
quent discrimination are well attested to in the perceptual learning literature, and appear to be
present across a wide range of stimuli and species (e.g., visual stimuli in domestic chicks [20];
in humans with odours and flavours [21]; in rats with flavoured stimuli [22]). These schedule
effects have been attributed to the fact that intermixed (or simultaneous) exposure supports a
process of stimulus differentiation, whereby the effectiveness of stimulus-unique features that
are useful in distinguishing the stimuli are enhanced, relative to features common to both
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stimuli [23, 24]. Although there have been numerous attempts to unpack the mechanisms by
which stimulus differentiation might operate (e.g. [25-28]), they all recognise that exposure
schedules that afford comparison between the to-be-discriminated stimuli during exposure
will facilitate performance.

In all of the perceptual learning studies cited above, the key measure of performance was the
ability to distinguish between particular stimuli that were presented during both exposure and
test. Critically, in none of these cases was the ability to distinguish between an exposed stimulus
and a novel foil compared to the ability to distinguish between two novel stimuli. Indeed, there
is some evidence that implies comparison does not facilitate discrimination between exposed
and nonexposed flavour stimuli in rats [29]. In the context of face processing and the playing
cards depicting wanted members of Saddam Hussain’s Iraqi government, this means that play-
ing with the Iraqi cards may only help to distinguish between two people on the wanted list
and not between a person on the wanted list and a member of the general population, which
was more likely to be the goal of issuing the cards.

Another issue with applying perceptual learning to face recognition is that unfamiliar face
recognition is image-based [14, 30]. As such, it is sensitive to changes in lighting [31, 32], ex-
pression [14], and viewpoint [33] (for a review on factors affecting recognition see [9]). It is dif-
ficult to gauge, therefore, whether any previously demonstrated effects of comparison might
reflect image-based learning or a more general improvement in recognition. Thus, before any
potential forensic application of stimulus differentiation can be assessed it is important to as-
certain whether comparison improves recognition of a stimulus per se or whether it only im-
proves performance with the particular images that were presented during the comparison
process. To relate this to learning from the Iraq playing cards example, it remains unclear
whether a person would be able to learn from those cards to recognise a person in any view
other than one that was similar to that shown on the card.

There is, however, some recent evidence that suggests that it is possible to generalise com-
parison-based learning to novel stimuli. Dwyer and Vladeanu [34] reported that matching per-
formance, using artificially generated faces, can be facilitated by alternating a target face with
similar comparators during exposure. In Experiment 1, participants either received 12 two-
second exposures to a target face in alternation with four similar comparator faces or no pre-
test target exposure at all. In Experiment 2, participants received brief exposure to one target in
alternation with four similar comparator faces, a second target with four different sex compara-
tor faces, a third target was exposed without comparators, and a final target received no pre-
test exposures at all. Both experiments found that face matching accuracy was improved by the
presence of similar comparators during pre-test exposure. The improvement in matching of
faces was attributed to processes of stimulus differentiation as has been discussed in the litera-
ture on perceptual learning [34]. That is, Dwyer and Vladeanu [34] suggested that the similar
comparators and the target face shared a set of common features, and that adaptation of those
common characteristics by exposure to the similar comparators would have enhanced process-
ing of the unique features of the target face, thus facilitating subsequent matching
performance.

Although the findings of Dwyer and Vladeanu [34] certainly seem to support the idea that
the enhancement produced by comparison might extend to novel test stimuli, there are two ca-
veats which limit the interpretation and potential generality of their findings. The first relates
to the stimulus set, namely computer-generated faces. These have many of the same properties
as faces and are recognisable as people, but it remains obvious to the participants that they are
not true representations of real people and may be lacking some of the features of real faces.
The consequence of this is that any comparison-dependent effects may be limited to such arti-
ficial stimuli. Indeed, if we briefly consider the face-space metaphor whereby face
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representations are locations within a multidimensional psychological space [35], then the arti-
ficial stimuli used in Dwyer and Vladeanu [34] may have been qualitatively different to actual
faces because they might inhabit points in face-space that are quite atypical. This may have
made the stimuli more recognisable; certainly some models of face-space would predict this
outcome (for a discussion, see [36]). Furthermore, empirical evidence suggests that the more
distinctive a face is then the more easily recognised it is [37], because it provides unusual cues
that may encourage a more in-depth processing strategy [38, 39]. The second caveat relates to
the non-target comparators: Dwyer and Valdeanu [34] generated the non-target comparators
used in the exposure phase, and the novel test foils used in the test phase, in exactly the same
fashion—in particular, both similar comparators and test foils were created by morphing away
from the target face. As such, all non-targets will have the same common features, and so the
ability for comparison-facilitated exposure to generalise to novel test stimuli might be restricted
to situations in which the same common features are present in all stimuli—a situation that is
unlikely to be true for real faces.

To summarise, it is unclear whether the beneficial effects of comparison will be seen using
real photographic stimuli and if this effect can genuinely transfer to novel test stimuli in a man-
ner that makes it a useful applied practice. Thus, the main aim of the current experiments was
to explore the conditions by which the effect of comparison can be applied to learning a previ-
ously unfamiliar individual and to explore the ability of any such learning to generalise to
novel test stimuli. All experiments involved an exposure period whereby target individuals
were familiarised before participants were required to identify the targets within line-ups of
faces (henceforth known as ‘arrays’). Arrays always displayed one target alongside previously
unseen foils. To ensure any transfer was not merely based on the recognition of particular im-
ages the faces displayed in the test arrays were always subject to expression and contrast
changes.

Experiment 1

The main purpose of Experiment 1 (see Table 1 for the full design) was to examine whether al-
ternating a target face with four other same sex comparison faces during exposure affected par-
ticipants’ ability to select that target face from a test array of novel foil faces. This corresponds

Table 1. Design of Experiment 1.

Condition Training sequence Test Arrays (Morph) Test Array (Non-Morph)
Single A fp Select A from an array of A, Select AH from an array of AH,
Exposure A5, A6, A7, A8 AH9, AH10, AH11, AH12
No- B, fp, B, fp, B, fp, B, Select B from an array of B, Select BH from an array of BH,
Comparator fp. (x 4) B5, B6, B7, B8 BH9, BH10, BH11, BH12
Same sex C,C1,C,C2,C, Cs3, Select C from an array of Select CH from an array of CH,
C,C4. (x4) C, C5, C6, C7,C8 CH9, CH10, CH11, CH12
Different sex D, X1, D, X2, D, X8, Select D from an array of Select DH from an array of DH,
D, X4. (x 4) D, D5, D6, D7, D8 DH9, DH10, DH11, DH12

Note: A-D indicate target faces. 1-4 refer to comparator faces (e.g., C1-C4 in indicate same sex
comparator faces to target C, while X1 to X4 illustrate different sex comparator faces to target D). Exposure
was repeated four times as indicated by x 4. fp denotes fixation points which were represented by a cross
on screen. 5-8 in the morph array indicate previously unseen faces used as foils (e.g., A5 to A8 are
morphed foils for target A). AH-DH represents target individuals with an expression change in the non-
morph array. 9-12 represent unseen foils present in the non-morph array (e.g., BH9 to BH12 are non-
morphed foils for target B).

doi:10.1371/journal.pone.0116707.t001
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to the same sex condition shown in Table 1. Control conditions comprised the target faces al-
ternated with different sex comparison faces (different sex condition), the target faces pre-
sented in alternation with a fixation cross (no-comparator condition), and target faces
presented for one extended period equalling the total exposure time for the other conditions
(single-exposure condition).

We also examined whether the similarity between the target and the test foils influenced
performance by manipulating whether the test foils were created by morphing from the target
face to novel faces (see panel 3 of Fig. 1), or by using novel faces as foils (see panel 4 of Fig. 1).
If comparison to similar faces does improve processing of a target face, as suggested by Dwyer
and Vladeanu [34], then it is expected that targets alternating with same sex comparators will
be better recognised than targets in other conditions.

Methods

Ethics Statement. Participants in all studies reported here provided written informed consent.
The research was approved by the Research Ethics Committee at Cardiff University (Title:
Comparison in face processing. Ethics Code: EC.09.11.03.2294).

Participants. A total of 32 participants (27 females and 5 males, mean age 20.2, range
18-34), were recruited from the School of Psychology at Cardiff University. Participants re-
ceived course credit in return for their participation. All had normal or corrected-to-normal
vision.

Apparatus and stimuli. Eight white faces, four male and four female, were selected from
the Centre for Vital Longevity Face Database [40] to be targets. Faces were between the ages of
19 and 45 years old and were selected so as to avoid the presence of non-face cues (e.g., glasses
and facial hair). Two images of each target face were selected. One image displayed a neutral
expression that was used in the exposure phase and morphed test array. The other image dis-
played a happy expression used in the non-morphed test array only. Each target was grouped
with twelve faces of the same sex. Four became same sex comparators and eight were used as
test array foils. Four of the test array foils displayed a neutral expression (and were used in the
morph test array) the other four displayed a happy expression (and were used in the non-
morph test array). Different sex comparators were the opposite sex to the target face (e.g.,
Panel 2 of Fig. 1). External features of all faces were removed by applying a mask function in
Adobe Photoshop image editing software. Images were displayed centrally on a white back-
ground at 360 x 504 pixels subtending to an approximate visual angle of 12.5° x 17.2°.

All test arrays were constructed from faces of the same sex as the target. Two types of test
array were used—both displaying the internal features of five individual faces. The first type
was a morph array, in which the stimuli consisted of the target plus four morphed faces
(Panel 3 of Fig. 1). The second type was a non-morph array, in which the target face and four
other non-morphed faces all displaying happy expressions were presented (Panel 4 of Fig. 1).
None of the foils in either array had been seen in any exposure condition. Faces in the morph
array were created using a software package called Morpheus v3.10 professional, by morphing
four previously unseen individuals towards the target face. Morphs were 50% blends of the tar-
get face and a non-target face. Both types of array were displayed on-screen at 1024 x 367 pix-
els, subtending an approximate visual angle of 32.4° x 12.8° with a screen resolution of 1024 x
768. All arrays were subject to a tonal change using the brightness/contrast adjustment tool in
Adobe Photoshop image editing software. Each array was adjusted to +50% brightness and-
20% contrast of the original image. This was applied to reduce the likelihood of participants
being able to picture match from exposure to test. The stimuli were presented centrally on a
17 inch monitor. A custom-written programme using DirectRT software was used to control
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Panel 1
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CH9 CH10 CH11 CH CH12

Figure 1. Examples of stimuli used in Experiments 1 and 2. Panel 1 represents a target face (e.g., C) and same sex comparators (e.g., C1—4) used in the
exposure phase of Experiment 1. Panel 2 represents another target face (e.g., D) and different sex comparators (e.g., X1—4). Panel 3 displays an example of
a morph array for target C (referred to in the Table 1 as C, and C5-8) used in the test phase. Panel 4 displays an example of the non-morph array for the
target face C (referred to in the Table 1 as CH, CH5-8) used in the test phase. Participants were given a 3 s presentation of an array and then asked to
choose the letter that corresponded to the target seen during exposure. For Experiment 2, same sex faces (e.g., C1-C4) became dissimilar comparators and
similar comparator faces were created using the same morphing technique as those in the morph array (e.g., Panel 3).

doi:10.1371/journal.pone.0116707.9001

the presentation of the stimuli on a PC. Responses were registered using a computer keyboard
with QWERTY layout. For the experiment, the letters A, S, D, F and G were covered with col-
oured labels A, B, C, D and E to match the letter depicting each face in the test array.

Design and procedure. Participants completed all four conditions (single, no-comparator,
same sex, and different sex: see Table 1) in a within-subject design. Single exposure gave one
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presentation of a target face which remained on screen for thirty-two seconds (this was time-
matched to the total amount of exposure time in the repeated exposure conditions). The re-
peated conditions (no comparator, same sex and different sex conditions) presented each target
a total of sixteen times for two seconds each. For the same sex and different sex conditions,
each target had four comparator faces. Each comparator was presented four times per condi-
tion, equating to a total of sixteen comparator presentations. Following exposure, participants
were asked to select the target face from within both a morphed and a non-morphed array.
This task was accompanied by a measure asking participants how confident they felt about
their selection. There were two repetitions of each condition (one with a male and the other
with a female target face) before moving on to the next condition.

Participants were sat approximately 70 cm from the computer screen. A brief practice trial
gave an opportunity for participants to be familiarised with the general procedure of
exposure/test phases. During the exposure phase, a randomly assigned name such as ‘Matthew’
was presented under each target face, while comparators for this target were labelled ‘Not Mat-
thew’. Names were used to facilitate instructions to participants who were asked to identify
named individuals during the test phase (e.g., “Please select the target face ‘Matthew’ from the
following array”). Participants were then given an array of faces which were displayed for 3 s.
Following this array exposure participants were asked to make their identification. Confidence
was then measured using a button response to a 7-point Likert scale (1: ‘Not at all confident’, 7:
‘Extremely confident’).

The assignment of faces to condition was counterbalanced so that all faces were presented
an equal number of times within each condition. Furthermore, the presentation of arrays was
counterbalanced such that half the participants received test trials with the morph array first.
The other half of the participants saw the non-morph array first. Thus any carry-over effects
between morph and non-morph trials cannot systematically influence the difference between
these trial types. Moreover, the order of exposure conditions was also counterbalanced such
that each condition was presented equally often first, second, third or fourth across
participants.

Data, Bayes, & Power Analysis. The primary measure reported in all the experiments here
is accuracy. A Confidence-Accuracy (CA) measure was also calculated by multiplying accuracy
(negatively scored for incorrect answers so 1 = Correct and -1 = Incorrect) by the confidence
score (less 0.5). This gives a score between -6.5 and +6.5 in 13 equal steps. This CA score high-
lights the fact that a highly confident incorrect answer demonstrates worse performance than
low confidence incorrect answers while highly confident correct answers represent the best
performance. While this CA measure could potentially have been more sensitive due to its
greater range of possible scores, in all of the experiments reported here, the pattern of results
observed with the CA scores was the same as with accuracy alone—demonstrating that the ob-
served null effects for accuracy are not simply the results of a restricted range of possible scores.
Because the CA and accuracy scores produce the same pattern of results, the CA measure will
not be reported further. All data for each experiment reported are available as a supplementary
file called S1 Data JDL.

In all experiments reported here, the absence of differences between different exposure con-
ditions is potentially as informative as the presence of differences between conditions. It has al-
ways been the case that standard null-hypothesis significance testing only assesses how
unlikely the observed data is given the assumption of the null hypothesis. As such, it does not
provide a direct assessment of whether the absence of a significant difference can be taken as
positive evidence for there being no true difference between conditions. One traditional way to
address the problem is to use a power analysis—with the logic being that if an experiment
which was appropriately powered relative to the predicted effect size failed to find a significant
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effect, then that would be strongly suggestive that there was no effect of the predicted size there
to find. For the current experiments, the most important potential effect lies in the difference
(or otherwise) between conditions where the target was exposed alongside similar/same sex
comparators, and conditions where the target was exposed without such comparators. The
most relevant prior result in this context is from perceptual learning studies examining com-
parison (e.g. [1]). In order to assess the ability of our experiments to detect a difference between
similar/same sex conditions and control a power analysis was conducted, using G*Power soft-
ware [43]. The relevant effect size for perceptual learning and comparison, in particular the
size of the difference between intermixed (comparison) and blocked (non-comparison exposed
control) conditions [1] was f = .53: a large effect by Cohen’s classifications [44]. Assuming this
large effect size, and setting o at.05, the power (1—/3) of our experiments to detect a compari-
son effect is as follows: Experiment 1 & 2 = .83, Experiment 3A = .90. In short, the current stud-
ies are well-powered to detect the sort of large effect sizes that would be both pragmatically
important and expected on the basis of prior examination of comparison effects in perceptual
learning. Given this, a failure to find a significant difference between the critical exposure con-
ditions would suggest that the predicted large effect of this manipulation was in fact absent.
Although power analyses go some way to addressing how informative a null result might be,
they make only limited use of the data actually obtained in the experiment (beyond asking
whether it produced a significant difference or not). In contrast, Bayesian tests are based on cal-
culating the relative probability of the null and alternative hypotheses, and thus afford the as-
sessment of whether the evidence is in favour of either of these hypotheses. The Bayes factor
(denoted as By;) relates to the ratio of probability for the observed data under a model based on
the null hypothesis compared to a model based on some specified alternative model. The analy-
ses we report here were performed using the web-based calculator (http://pcl.missouri.edu/)
and utilised the Jeffreys-Zellner-Siow (JZS) prior suggested by Rouder et al. [41]. The JZS prior
assumes a distribution of possible alternative effect sizes centred on zero where the bulk of pos-
sible effects are close to that centre. Although the effect sizes for comparison manipulations in
perceptual learning studies are quite large (see power analysis discussion above), assuming large
effect sizes for the alternative hypothesis would result in a very liberal Bayes factor estimate for
the strength of evidence in favour of the absence of meaningful effects of comparison. Thus,
using the default assumptions provides a relatively conservative test of whether the data favours
the null hypothesis in the present case. The resulting Bayes factors can then be interpreted as ei-
ther supporting the null or alternative (or as inconclusive evidence for either) according to the
convention suggested by Jeffreys [42] and recommended by Rouder et al. [41]: a Bayes factor
over 3 suggests there is some evidence to support the null hypothesis, while a factor of 10 indi-
cates strong evidence for the null. On the other hand, a factor less than 1/3 suggests some evi-
dence for the alternative and less than 1/10 indicates strong evidence favouring the
alternative. Any value between 1/3 and 3 constitutes inconclusive evidence in support of either
the null or alternative.

Results and Discussion

Fig. 2 shows the test data as the percentage of correct target selections as a function of exposure
condition (single exposure, no comparator, same sex exposure and different sex exposure), and
test type (morph and non-morph). It is noticeable that there was little, if any, improvement in

identification when target stimuli were exposed with same sex comparators. Thus, learning ap-
peared to be unaffected by the opportunity for comparison between targets and same sex faces.
A within-subject ANOVA confirmed this observation indicating no significant effect of expo-

sure condition on accuracy F(3, 93) = 1.53, p = .212, MSE = 0.082. There was a significant main
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Figure 2. Test accuracy as percentage correct (with SEM) from Experiment 1. Data are organised by
exposure condition (single, no-comparator, same sex, and different sex), and are presented as a function of
array type (morph or non-morph).

doi:10.1371/journal.pone.0116707.9002

effect due to test F(1, 31) = 4.54, p = .041, MSE = 0.048, with the morph array producing less
accurate responses than the non-morph array. No significant interaction was observed between
type of exposure condition and type of test, F(3, 93) = 0.75, p = .524, MSE = 0.057. Despite the
lack of a significant main effect of exposure condition, pairwise comparisons were computed in
order to explore the performance of the individual exposure conditions and to facilitate Bayes-
ian analysis. Turning first to the same sex comparator condition, which might have been ex-
pected to produce the best performance, there were no significant differences compared to:
single exposure, F(1,31) = 1.77, p = .194, MSE = 0.221, By; = 3.157, no comparator,

F(1,31) = 0.25, p = .620, MSE = 0.140, By; = 6.365, or different sex comparators, F(1, 31) = .00,
p =1.000, MSE < 0.01, By; = 7.299. There was also no difference between single exposure and
the other conditions (no comparator, F(1, 31) = 3.43, p = .074, MSE = 0.192, By; = 1.493 and
different sex, F(1, 31) = 2.26, p = .143, MSE = 0.173, By; = 2.519). Nor was there a difference be-
tween no comparator and different sex comparators (F(1, 31) = 0.28, p = .598, MSE = 0.124,
By, = 6.358).

The accuracy test data is from a small number of trials for each participant in each condi-
tion. Although ANOV A methods are robust with respect to violations of its underlying as-
sumptions, in order to assess whether the restriction in range of possible scores had a
meaningful effect on the ANOVA reported above, the data was re-analysed using Friedman’s
non-parametric methods for assessing differences between multiple within-subject condi-
tions, and follow-up analyses were performed using Wilcoxon matched-pairs tests. There
were no significant differences in recognition accuracy depending on exposure condition,
2°(3) = 3.19, p = .362. Post-hoc analysis revealed there were no significant differences in rec-
ognition between exposure conditions (largest Z = 1.67, p = .095 between no-comparator and
single exposure). As these non-parametric analyses matched that of the ANOVA it would ap-
pear that the analysis reported in the main text has not been unduly influenced by the
restriction of range in a way that affects the theoretical interpretation of the results. This issue
will not be rehearsed at length in subsequent experiments, but the non-parametric
analysis will be reported to confirm that the general argument made here is applicable to
all experiments.

In short, the selection from an array of novel foils of target faces that had been exposed
alongside same sex comparators was no more accurate than in any of the control conditions.

PLOS ONE | DOI:10.1371/journal.pone.0116707 January 15,2015 9/21



@' PLOS ‘ ONE

Comparison in Face Learning

Critically, Bayes analysis suggested genuine evidence in favour of the null in all of these cases.
This result stands in apparent contrast with previous studies using artificially generated faces
[34] or with studies of perceptual learning with morphed faces [1].

Experiment 2

While Experiment 1 did not reflect previous evidence suggesting that comparison aids perfor-
mance, numerous differences between the details of the experiments could have contributed to
the observed results. Perhaps the most theoretically interesting difference between the experi-
ments was the nature of the images used as comparators. The comparators used by Dwyer and
Vladeanu [34] in their similar condition were created by morphing away from the target face.
Thus, there was a strong degree of similarity between the target and similar comparators.
Moreover, as the test foils were created in the same fashion then both similar comparators and
test foils were constrained to have some of the same features in common (and in common with
the target face). This level of similarity may have enhanced any process of differentiation be-
tween the target and foils. In Experiment 1, the conditions were based on sex and so even the
supposedly “similar” (same sex) comparator faces may have been too far from the target face to
support a useful comparison process. Indeed, the stimuli used by Mundy et al. [1] were also
morphed faces that possessed a high degree of similarity. In addition, the original demonstra-
tion by Dwyer and Vladeanu [34] included a control whereby the target was presented for a
brief period to provide a baseline for the accuracy of identification in the absence of repeated
exposure prior to the matching test.

The design of Experiment 2 addressed these issues in a within-subjects design while other-
wise retaining the same general procedural details and photographs as the previous experi-
ment. Brief exposure gave a single (2 s) presentation of a target while the no-comparator
condition remained unchanged from Experiment 1. Similar comparators were created by
morphing away from the target (as with the test foils in the morph array from Experiment 1:
see Panel 3 Fig. 1) while dissimilar comparators were the same sex as the target but with no
other treatment (as with the same sex condition from Experiment 1, faces C1-C4 in Panel 1
Fig. 1). Following exposure, participants were required to identify the target from two separate
test arrays (one with morphed foils, the other with unmorphed foils), and give confidence rat-
ings for their identity choices. If the results of Experiment 1 are reliable then there should be no
differences between the three repeated exposure conditions at test. Moreover, if repeated brief
exposure facilitates processing as previous research has shown [18], then all repeated exposure
conditions should produce more accurate selection of the target face from the test arrays than
would brief exposure.

Methods

Participants. A total of 32 participants, 28 females and 4 males (mean age 20.9, range 18-32),
were recruited from the School of Psychology at Cardiff University. No participant had taken
part in the previous experiment. All had normal or corrected-to-normal vision.

Stimuli. The target stimuli consisted of the same set used in Experiment 1. From this set tar-
gets were then separately morphed towards each comparator face. Similar comparators were
50% morphs of the target and a distractor face. Dissimilar comparators were unmorphed faces
of the same sex. Thus, similar comparators were defined as 50% between a target and a com-
parator; dissimilar comparators were defined as the same sex as the target (i.e., as for the same
sex comparators from Experiment 1). As in Experiment 1, morphed faces had the external fea-
tures removed by applying a mask function in Adobe Photoshop image editing software. Each
photograph was displayed centrally on a white background at 360 x 504 pixels subtending to
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an approximate visual angle of 12.5° x 17.2°. All other details, such as the creation of the test ar-
rays, were as in Experiment 1. It should be noted that although morph images were displayed
in training and test, the comparison images were not the same identify as those used at test.
Design and Procedure. Participants completed all four conditions in a within-subject de-
sign: brief exposure, no-comparator, similar, and dissimilar exposure. Brief exposure
consisted of a single 2 s exposure to a ‘target’ followed by the selection task. The design of the
repeated conditions (no comparator, similar and dissimilar) was based on those of Experi-
ment 1 other than the differences in stimulus definition. That is, each target was presented a
total of sixteen times and both similar and dissimilar conditions had four comparator faces,
with each comparator presented four times per condition, equating to a total of sixteen
comparator presentations. All other procedural details remained consistent with Experiment 1,
including the counterbalancing of the assignment of faces to condition, the order in which
the exposure conditions were presented, and the order of testing in the morph and non-
morph conditions.

Results

Fig. 3 displays percentage of correct responses as a function of exposure condition (brief, no-
comparator, similar and dissimilar) and test type (morph and non-morph). Performance was
generally better following repeated exposure compared to brief exposure on both test arrays, but
there is little or no difference between the repeated conditions on either array type. A within-sub-
ject ANOVA with factors of exposure condition (brief exposure, no comparator, similar expo-
sure and dissimilar exposure) and test type (morph and non-morph) indicated a significant
main effect on accuracy depending on exposure condition F(3, 93) = 3.60, p = .016, MSE = 0.067,
but no other main effects or interactions (largest F(1, 31) = 1.90, p = .177, MSE = 0.051 for the
main effect of test type). Pairwise analysis suggested that brief exposure produced lower accuracy
than all other conditions: Similar exposure, F(1, 31) = 6.67, p = .015, MSE = 0.169 By, = 0.383,
dissimilar exposure, F(1, 31) = 5.16, p = .030, MSE = 0.128, B,; = 0.711 and the no comparator
condition, F(1, 31) = 10.33, p = .003, MSE = 0.097 By; = 0.094. No differences were observed be-
tween other exposure conditions. That is, comparing the similar exposure to no comparator,
F(1,31) =0.03, p = .876, MSE = 0.157, By; = 7.210, and dissimilar comparator, F(1,31) = 0.72,
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Figure 3. Test accuracy as percentage correct (with SEM) from Experiment 2. Data are organised by
exposure condition (brief, no-comparator, similar, and dissimilar), and are presented as a function of array
type (morph or non-morph).

doi:10.1371/journal.pone.0116707.9003
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p =.402, MSE = 0.087, By; = 5.155 found no advantage for similar comparators. Furthermore,
there were no differences between the no-comparator and dissimilar comparator conditions,
F(1,31) = 0.21, p = .647, MSE = 0.164, By, = 6.576.

Non-parametric analysis these results confirmed the conclusions of ANOVA analysis.
That is, there was a significant difference in accuracy between exposure conditions
2°(3) = 11.43, p = .010. Post-hoc analysis revealed that the brief exposure condition was
recognised less accurately than the no-comparator Z = 2.82, p = .005, similar Z = 2.38,
p =.017, and dissimilar exposure conditions Z = 2.29, p = .022. There were no differences be-
tween the other exposure conditions (largest Z = 0.85, p = .396 between similar and dissimilar
exposures). As in Experiment 1, this analysis closely reflects that of the parametric analysis re-
ported above.

Discussion

As in Experiment 1, exposing the target along with similar comparators failed to produce supe-
rior selection of a target face from the novel test arrays as compared to exposure without similar
comparators. Brief exposure to a target produced lower levels of accuracy than all other condi-
tions. Thus, the absence of facilitation in the similar comparator condition cannot be attributed
to a failure of learning per se. Similar patterns of performance have been observed in other learn-
ing tasks utilising a single vs. multiple exposure design (e.g., Experiment 1 of Longmore, Liu,
and Young’s research [30]). The absence of a comparator-similarity effect was observed despite
the fact that a morphing procedure was used to ensure that the comparators were genuinely
similar to the targets. These conclusions were supported by the Bayesian analysis which again
provided evidence for the absence of an effect. Moreover, both the comparator faces and test
foils were based on the target, ensuring that the general level of similarity between the target and
both foils and comparators was the same. These methods closely replicate those used by Dwyer
and Vladeanu [34] and thus the current results imply that insufficient comparator similarity
alone cannot explain the absence of facilitation by similar comparators with real face images.

That said, the artificially generated faces used by Dwyer and Vladeanu may well come from
a more restricted set of dimensions than the real face images used in the current experiments.
Indeed, as face space has been estimated to contain between 15 and 22 dimensions [36], simply
training a target against four comparators may not have spanned enough of this space to en-
sure that any particular dimensions which differentiated the target and comparators were the
same dimensions which differentiated the target and novel test foils. Therefore, Experiment 3
examined whether the number, rather than simply the type, of potential comparators influ-
enced learning of a novel face.

Experiment 3A

In Experiment 3, all participants were exposed to same sex and different sex comparator
conditions. Within each of these, target stimuli were shown in alternation with 0, 1, 2, 4, or

16 different comparators (3A) or briefly with one comparator (3B). As noted above, exposure

to multiple different comparators should maximise the possibility that the dimensions

(or features) on which the target differs from the comparators overlap with the dimensions

on which the target differs from the test foils (Table 2 summarises the design of Experiment 3A).

Methods

Participants. A total of 40 participants, 33 females and 7 males (mean age 20.7, range 18-25),
were recruited from the School of Psychology at Cardiff University, none of whom had previ-
ously completed the first two experiments. All had normal or corrected-to-normal vision.
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Table 2. Design of Experiment 3.

Condition Target

Same sex A
B
C
D
E

Different sex F
G
H
|
J

Number of Comparators Test Array

0 Select AH from a range of AH, AH1, AH2, AH3
Select BH from a range of BH, BH1, BH2, BH3
Select CH from a range of CH, CH1, CH2, CH3
Select DH from a range of DH, DH1, DH2, DH3

6 Select EH from a range of EH, EH1, EH2, EH3
Select FH from a range of FH, FH1, FH2, FH3
Select GH from a range of GH, GH1, GH2, GH3
Select HH from a range of HH, HH1, HH2, HH3
Select IH from a range of IH, IH1, IH2, IH3

6 Select JH from a range of JH, JH1, JH2, JH3

[y

= RN = O = AN

Note: 0-16 represents the number of comparator faces displayed in alteration with the Target faces A—J. AH-JH represents target individuals with an
expression change. 1-3 in the test arrays represents the different faces used as present in each array (e.g., AH1 to AH3 are the test foils for target A).
Note, this design was performed twice, once each with male and female target faces.

doi:10.1371/journal.pone.0116707.t002

Stimuli. A total of twenty front-view photographs, 10 male and 10 female, were
selected from those freely available in the public domain to become target faces. For each tar-
get, a further 19 other faces were selected that were of the same sex and had similar hair
colour and style. From the set, 16 became same sex comparators and 3 were used as foils.

All individuals were white and aged between 18-25 years old. Half were male, and the other
half female. Each image was cropped, resized, and converted to an 8-bit quality so that
images had a standard width and height of 400 x 600 pixels, subtending to an

approximate visual angle of 13.9° x 20.3°, during exposure. Each exposure stimulus
displayed a neutral expression. The test arrays displayed a different image of the same target
alongside three novel foils. Each array was displayed at 764 x 282 pixels subtending to

a visual angle of 25.2° x 9.8°. All arrays were subjected to a contrast change as described

in Experiment 1. All images retained some background information and external

face features.

Design and procedure. Participants completed all conditions in a within-subject design.
There were two conditions of exposure: Same sex exposure, in which a target alternated with
same sex comparators, and different sex exposure, in which a target alternated with different
sex comparators. Comparators were defined in the same way as Experiment 1: same sex and
different sex in relation to the relevant target. Within each comparison condition there were
five target faces which differed in the number of comparison faces that were presented with
them (0, 1, 2, 4, or 16). In every case, the target was presented 16 times, and the comparison sti-
muli were interleaved between these presentations, with repetition of the comparators in the 1,
2, and 4 comparator conditions (see Table 2). All conditions were presented with both male
and female target faces.

At the start of the experiment, participants were seated approximately 70 cm from the
screen and instructed to examine the faces carefully and try to remember the target face pre-
sented. The presentation began with a set of standardised instructions shown on screen ex-
plaining the study. The presentation format and timings of stimuli were identical to those of
Experiment 1 and 2. That is, exposure for each face was consistent with Experiments 1 and 2
(i.e., 2 s with a 1 s ISI) and was followed by the selection task and finally a measure of choice
confidence. For this experiment there was only one test array type (unmorphed faces). Re-
sponses were made in the same way as previous experiments, with the exception that response
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time was unlimited and a response could be made during the array presentation. Arrays disap-
peared when a response was made. The experiment was run in four blocks. Each block com-
prised one comparator condition (i.e., same sex or different sex) and sex of the targets (i.e.,
male or female). A block consisted of exposure to five target faces and the appropriate compar-
ators. Each of the five targets in a condition was exposed with a different number of compara-
tors (0, 1, 2, 4, and 16). Between blocks participants were able to pause before a new block was
initiated by the experimenter. Within each block the order in which the five different compara-
tor number conditions were presented was counterbalanced according to a Latin square proce-
dure. In addition, across all participants, half were given the same sex conditions first and the
other half were given the different sex condition first. The blocks then alternated between same
sex and different sex comparators. Within this, male and female targets were presented first
equally often.

Results

Fig. 4 displays the percentage of correct responses as a function of exposure condition (same
sex and different sex) and the number of different comparator presented (0, 1, 2, 4, & 16). In-
spection of the figure suggests that performance was equivalent across conditions and number
of comparators. A within-subjects ANOVA with the factors of condition type (same sex and
different sex) and number of comparators confirmed that there were no significant effects on
accuracy due to exposure condition, F(1, 39) = 0.42, p = .521, MSE = 0.073, By; = 6.614; or to
the number of comparators F (4, 156) = 1.00, p = 409, MSE = 0.096. No significant interaction
between condition type and number of comparators was found F(4, 156) = 0.80, p = .525, MSE
=0.100. To the extent that adding comparators should increase accuracy, the simple effects
analysis comparing the performance of each number of comparator exposures are reported.
Beginning with the control condition (0 comparators), no differences were found between: 0
and 1 (F(1, 39) = 0.22, p = .639, MSE = 0.112, By; = 7.275), 0 and 2 (F(1, 39) = 1.59, p = .215,
MSE =0.099, By; =3.791), 0 and 4 (F(1, 39) = 0.79, p = .377, MSE = 0.096, B,; = 5.508), or 0
and 16 comparators (F(1, 39) = 0.34, p = .562, MSE = 0.073, By; = 6.686). In addition no differ-
ences were found between the maximum number of comparators (16) and the following
amount of comparators: 4 (F(1,39) =2.56, p=.117, MSE = 0.074, By; =2.402), 2 (F(1, 39) = 4.06,
p =.051, MSE = 0.075, By; = 1.226), or 1 (F(1, 39) = 1.11, p = 299, MSE = 0.090, By; = 4.755).
No other differences between any other number of comparator exposures were observed: 1 vs.
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Figure 4. Test accuracy as percentage correct (with SEM) from Experiment 3. Data are organised by
number of different comparators presented (0, 1, 2, 4, or 16), and are presented as a function of exposure
condition (same sex and different sex). The solid line represents the baseline brief exposure control from
Experiment 3B. Accuracy for the brief exposure was 45% (SEM 3.7).

doi:10.1371/journal.pone.0116707.9004
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2 (F(1,39) =043, p = .514, MSE = .130, By; = 6.572), 1 vs. 4 (F(1, 39) = 0.11, p = .740,
MSE = 0.252, By; = 7.684), 2 vs. 4 (F(1, 39) = 0.16 p = .691, MSE = 0.088 By, = 7.505).

Non-parametric analysis these results confirmed the conclusions of ANOVA analysis. That
is, there was no significant difference in accuracy number of comparators ){2 (4) =4.03,p = .403
or exposure condition y*(1) = 0.68, p = .414. Post-hoc analysis revealed that there was no dif-
ferences between number of comparators (smallest Z = 1.88, p = .060 between 2 and 16 com-
parator exposures). This analysis again closely reflected that of the parametric analysis.

It should be noted that although the difference between the 16 comparators and 2 compara-
tor condition, reported in the parametric analysis, is approaching standard levels of signifi-
cance (i.e., p = .051) the Bayesian analysis provides inconclusive evidence to support either the
null or alternative hypothesis. Moreover, this result is driven by poor performance in the dis-
similar comparator condition and therefore does not speak to the theoretically relevant effects
of comparison between similar stimuli.

Experiment 3B

Experiment 3B used the same 20 target faces and similar associated test procedures as in Exper-
iment 3A. However, participants only received one brief (2 s) exposure to the target stimuli
prior to test (for half of the stimuli it was followed by a same sex comparator and for the other
half by a different sex comparator). This corresponds to the brief exposure condition from Ex-
periment 2 and so provides a baseline to which performance in Experiment 3A can be
compared.

Methods

Participants, apparatus & stimuli. A total of 12 participants, 10 females and 2 males (mean
age 20.1, range 18-24) were recruited from the School of Psychology at Cardiff University. All
were undergraduates who participated in return for course credit. None of the 12 had partici-
pated in any of the previous experiments described here. All apparatus and stimuli were identi-
cal to those used in Experiment 3A.

Design and procedure. There were two conditions of exposure, both displayed a target and
comparator for 2 s before the test arrays were presented: Brief same sex, in which a target was
followed by same sex comparator, and brief different sex, in which a target was followed by a
different sex comparator. There were eight targets, 4 male and 4 female, with two target faces
from each sex per condition. Blocks of testing were counterbalanced such that each condition
was presented first and second equally often. Similarly each sex was presented first and second
equally often. All other details, including definitions of same sex and different sex, were identi-
cal to those of Experiment 3A.

Results

A preliminary analysis from Experiment 3B confirmed that, after brief exposure, there were no
significant differences in accuracy between the stimuli exposed with either a single same sex or
a different sex comparator, #(11) = 1.65, p = .125, By; = 1.461.

Comparisons between brief and repeated exposure can been seen in Fig. 4. The dotted line
represents performance across conditions from Experiment 3B. A between-subject ¢-test re-
vealed that performance collapsed across all conditions in Experiment 3A was superior to per-
formance across conditions in Experiment 3B, #(50) = 5.22, p<.001, By;< 0.001. This
difference was also observed in a separate analysis comparing each condition from Experiment
3A to the baseline of brief exposure from Experiment 3B. That is, repeated exposure to same
sex stimuli produced better performance than brief exposure, #(50) = 4.51, p<.001, By;< 0.001,
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as did exposure to different sex stimuli, #(50) = 4.62, p<.001, By;< 0.001. It is also worth noting
that further analysis examined separate performance for each number of comparators to the
baseline performance of 3B. Although not reported fully here, the results demonstrate, as antic-
ipated, that all repeated exposure conditions produced better performance than the baseline
(smallest #(33) = 3.07, p = .004, By; = 0.132, between 2 comparators (3A) and the baseline brief
control (3B)).

Discussion

The results of Experiments 3A and 3B demonstrate that repeated exposure produced an advan-
tage over brief exposure, and that performance with targets exposed with same sex comparators
was equivalent to those with different sex comparators. Moreover, the accuracy of target selec-
tion during test was not influenced by altering the number of comparators during exposure. In
other words, performance following exposure with the maximum number of comparators (e.g.,
sixteen) showed no advantage over targets without any comparators. Again these interpreta-
tions were strengthened by the Bayesian analysis for the critical comparisons. Therefore, taken
together, Experiments 3A and 3B replicated the key findings of Experiment 1 and 2. Equivalent
learning was observed across repeated exposures regardless of comparator type.

General Discussion

The three experiments reported here examined the potential beneficial effects of similarity and
the opportunity for comparison [25-28] on the ability to select a familiarised individual from
an array of novel faces. In Experiments 1 and 2, exposure to a target face along with compara-
tors of the same sex (either morphed to be explicitly similar to the target or not) produced no
facilitation in selecting the target, relative to target faces that were exposed with either different
sex comparators or no comparators at all. In Experiment 3, increasing the number of compara-
tors during the exposure phase also produced no improvement in test performance. Important-
ly, the failure of comparison to improve identification accuracy cannot be attributed to a
general failure of learning as performance in both similar/same sex comparator conditions,
and repeatedly exposed controls, was superior to brief exposure conditions. It is important to
note that these null results are informative with respect to the absence of a practically useful
comparison effect facilitating learning to identify a target face. Firstly, these null results were
obtained despite the fact that all of the experiments were well-powered to detect the sort of
large effects that would be most useful in a practical setting, and would have been predicted by
perceptual learning analyses of comparison. Secondly, the Bayesian analysis of each experiment
suggested that the observed results were in favour of no underlying effect existing compared to
alternative models where there was an underlying effect. In short, the fact that there was no fa-
cilitation, despite the differing levels of similarity and the varying numbers of comparators
used during exposure, suggests that there is no practical beneficial effect of comparison on the
processing of unfamiliar faces above that of repeating exposure to a face.

Before considering the implications of these results in detail, the concern was raised during
review that the naming of the target stimuli during the exposure phase could have compro-
mised the effects of comparison. In particular, it was suggested that presenting a target face
along with similar comparators might do two things: (i) improve the processing of that face
image, and (ii) increase generalisation between the target and its comparator images (possibly
because the presentation of the images close together might lead to the formation of associa-
tions between the name of the target and the non-target comparators, and between the target
and the label “not-target”). These two effects could cancel each other out and thus produce no
net benefit for comparison over simple presentation of the target alone. This concern appears
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to us to be misplaced. Firstly, our key concern here is practical—whether comparison helps us
learn to recognise an individual from their photo. Because this is explicitly an issue about iden-
tification, then it makes pragmatic sense to focus the experimental tasks on identity. The real
importance of the current experiments lies in the fact that they offer no support whatsoever for
the idea that comparison could be a practical means of learning to selectively identify a particu-
lar individual. Secondly, the removal of the name identification would not necessarily impact
on processes (i) and (ii)—for example, there is no need to know that one stimulus is the target
in order to form associations between the face images that are exposed close together in time.
Indeed, the literature on sensory preconditioning (e.g. [45, 46]) shows that the pairing of two
stimuli is sufficient to support generalisation of what is learnt about one of them to the other.
Thus the possibility that alternating a target image with similar comparators could engage pro-
cesses that support and oppose discrimination is inherent in the intermixing of the stimuli, not
the naming of the target. Regardless of the exact mechanisms involved, the current results pro-
vide no support for the idea that providing the opportunity to compare a target image to simi-
lar face images might facilitate the subsequent selection of that target from novel foil faces.

The idea that comparison-based exposure effects do not enhance matching when testing
against novel foils (as demonstrated here) does not mean that this process cannot contribute to
discriminating between a set of faces. The work of Mundy et al. [1] demonstrates that compari-
son, during exposure training, does help facilitate discrimination performance when the faces
to be discriminated at test were the same as those presented during the exposure phase (see
also [19, 25, 47, 48]). Similar effects have also been demonstrated using identical twins [49], in
which case the enhancement in discrimination transferred to new images of the same twins
(see also [50]). In this light, the current experiments suggest that the facilitatory effects of com-
parison will be strongest when discriminating between a target and exposed comparators, and
may even not extend to novel test foils at all. This is consistent with the findings of Blair and
Hall [29] whereby rats were exposed to two compound flavours AX and BX on an intermixed
schedule (AX, BX, AX, BX, ...) before a taste aversion was established to AX. This aversion did
not generalise to BX at test demonstrating good discrimination between the exposed stimuli.
However, the aversion did generalise to a novel test stimulus (CX), suggesting no improvement
in discrimination performance between an exposed target and a similar stimulus that were not
exposed in alteration. Thus, it seems that comparison may aid certain discriminations, but this
does not easily extend to better identification against non-exposed foils.

Against this background, and the current results, the fact that Dwyer and Vladeanu [34]
found that matching of a target against novel test foils was improved by the presence of similar
comparators requires explanation. The simplest possible explanation is that the results of
Dwyer and Vladeanu [34] may be a statistical false positive. While this cannot be ruled out, it
should be remembered that a large number of perceptual learning studies that demonstrate
comparison effects through the advantage for intermixed over blocked exposure schedules (e.g.
[1, 19,21, 25, 48]). So the possibility that comparison effects per se are false positives seems un-
likely. Thus the more relevant question is whether the divergence of results might be attribut-
able to any of the differences between the stimuli used in the current experiments and those of
Dwyer and Vladeanu [34]. As noted in the introduction, the stimulus set used by Dwyer and
Vladeanu consisted of artificially generated faces whereas our stimuli consisted of face photo-
graphs. These generated stimuli may have belonged to a distinctive or restricted portion of
face-space. In this light, the difference between these sets of results could be attributed to the
way in which the stimulus set of Dwyer and Vladeanu were generated using a computer pro-
gram which models each face upon an average. That is, each face produced from the modelling
software is framed upon an average model of a collection of input faces used to build the model
(see, [51-53] for a detailed explanation of how some of these models are constructed and a
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discussion of how they work). It follows from this that any face produced by the model will be
defined using a constrained amount of dimensions. Essentially, this means that all stimuli creat-
ed using this method would belong to a theoretically smaller ‘space’ than real faces. If we again
consider the idea of the face-space framework, the dimensions which span this space are as-
sumed to encode physical or abstract attributes that render different faces discriminable from
one another [54]. Moreover, if we consider estimates of the amount of dimensions as between
15-22 [36], then reducing these dimensions may have facilitated a viewing strategy whereby ex-
posure highlighted the crucial differences on a small number of dimensions allowed for easier
identification in the matching task. That is, matching becomes easier because the modeller, con-
strained by the collection of input faces, creates all stimuli from this reduced space. In turn, the
similar condition allowed a more focused approach on the perceptually relevant information
with which to identify an individual. Conversely our experiments, using real face images where-
in the dimensions are much less restricted, failed to produce any similarity advantage because
there is no way of ensuring that information critical to distinguishing the target and similar
comparators would be equally informative when distinguishing the target from novel test foils.
That is, the inherent complexity of real face stimuli might well mean that considering them as
simply a collection of common and unique elements (as is common in the perceptual learning
literature) may not be a useful heuristic considering the multitude of ways faces can differ or be
similar. In terms of a face-space model [35, 55], the differences between faces are represented
by how they differ on all the dimensions within this space. That is, the comparisons during ex-
posure may have covered certain dimensions, but these dimensions may not be informative
with respect to discriminating the target from other faces. Another way to phrase this situation
is that while comparison may well help identify how ‘Tom’ differs from ‘Bob’ it is unlikely to be
informative for how “Tom’ differs from ‘Fred’. Returning to the Iraqi playing cards, comparison
between them may well help identify how Deputy Prime Minister Tariq Aziz differed from de-
fence minister Ali Hassan al-Majid, it is unlikely to be informative for how Tariq Aziz differed
from a randomly selected person on the streets of Baghdad. Therefore, the above analysis sug-
gests that comparison to a limited number of comparators is unlikely to identify the critical as-
pects of a face on enough relevant dimensions. With this in mind, the current experiments may
have been unable to capture enough similarity between a target and comparators to be informa-
tive when novel foils were introduced. As such, it is certainly possible that greatly increasing the
number of comparator faces used in the exposure phase may provide enough information to fa-
cilitate subsequent target identification to some degree. However, as the number of comparison
faces increases, the practical tractability of the comparison process decreases.

The findings presented here can be considered in the forensic or applied settings outlined
earlier. Proving our identity with some form of photographic identification is a vital aspect of
our daily routine, despite the fact that there is clear evidence that people are ineffective and
error-prone at this task [3, 4]. It is of particular importance that ways to overcome this defi-
ciency are explored. The current results support previous suggestions [18] that repeated brief
exposure to an unfamiliar face will support at least some ability to reliably identify an individu-
al from their photograph (also see [6] for an examination of how feedback can improve unfa-
miliar face matching). Unfortunately, despite evidence of strong perceptual learning based
improvements in a wide range of ‘real-life’ situations such as viewing X-ray images [56], wine
tasting [57] and chick sexing [58], our current results suggest any direct forensic application of
comparison-based perceptual learning for face recognition is limited. That is, despite the plau-
sible implications from perceptual learning theory and the suggestive results from artificial face
stimuli, the opportunity for comparison between a target face and other images does not im-
prove the learning of new faces in a practically tractable fashion through a process of perceptual
learning.

PLOS ONE | DOI:10.1371/journal.pone.0116707 January 15,2015 18/21



@' PLOS ‘ ONE

Comparison in Face Learning

Supporting Information

S1 Data JDL. Raw data for each participant in three experiments. Data includes Accuracy
and Confidence scores for each condition.
(XLS)

Author Contributions

Conceived and designed the experiments: S DD MBL. Performed the experiments: SJ. Ana-
lyzed the data: S DD MBL. Contributed reagents/materials/analysis tools: S| DD MBL. Wrote
the paper: S] DD MBL.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Mundy ME, Honey RC, Dwyer DM (2007) Simultaneous presentation of similar stimuli produces per-
ceptual learning in human picture processing. Journal of Experimental Psychology: Animal Behavior
Processes 33: 124-138. PMID: 17469961

Bindemann M, Sandford A (2011) Me, myself, and I: Different recognition rates for three photo-IDs of
the same person. Perception 40: 625—-627. doi: 10.1068/p7008 PMID: 21882725

Kemp R, Towell N, Pike G (1997) When seeing should not be believing: Photographs, credit cards and
fraud. Applied Cognitive Psychology 11:211-222. doi: 10.1002/(SICI)1099-0720(199706)11:3%
3C211::AID-ACP430%3E3.0.C0O;2-0

Logie RH, Baddeley AD, Woodhead MM (1987) Face recognition, pose and ecological validity. Applied
Cognitive Psychology 1:53-69. doi: 10.1002/acp.2350010108

Bruce V, Henderson Z, Greenwood K, Hancock PJB, Burton AM, et al. (1999) Verification of face identi-
ties from images captured on video. Journal of Experimental Psychology: Applied 5: 339-360.

White D, Kemp R, Jenkins R, Burton AM (2014) Feedback training for facial image comparison. Psy-
chonomic Bulletin and Review 21: 100—106. 8 May 2014. doi: 10.3758/s13423-013-0475-3 PMID:
23835616

Bahrick HP, Bahrick PO, Wittlinger RP (1975) Fifty years of memory for names and faces: A cross-
sectional approach. Journal of Experimental Psychology: General 104: 54—75. doi: 10.1037/0096-
3445.104.1.54

Hancock P, Bruce V, Burton AM (2000) Recognition of unfamiliar faces. Trends in Cognitive Sciences
4:330-337. doi: 10.1016/S1364-6613(00)01519-9 PMID: 10962614

Johnston RJ, Edmonds AJ (2009) Familiar and unfamiliar face recognition: A review. Memory 17:
577-596. doi: 10.1080/09658210902976969 PMID: 19548173

Ellis HD, Shepherd JW, Davies GM (1979) Identification of familiar and unfamiliar faces from internal
and external features: Some implications for theories of face recognition. Perception 8: 431-439. doi:
10.1068/p080431 PMID: 503774

Young A, Hay DC, Ellis AW (1985) The faces that launched a thousand slips: Everyday difficulties and
errors in recognizing people. The British Journal of Psychology 76: 495-523. doi: 10.1111/j.2044-
8295.1985.tb01972.x

Buttle H, Raymond JE (2003) High familiarity enhances visual change detection for face stimuli. Per-
ception and Psychophysics 65: 1296—1306. doi: 10.3758/BF03194853 PMID: 14710963

Burton AM, Wilson S, Cowan M, Bruce V (1999) Face recognition in poor-quality video: Evidence from
security surveillance. Psychological Science 10: 243-248. doi: 10.1111/1467-9280.00144

Bruce V (1982) Changing faces: Visual and non-visual coding processes in face recognition. The Brit-
ish Journal of Psychology 73: 105—-116. doi: 10.1111/j.2044-8295.1982.tb01795.x

Patterson KE, Baddeley AD (1977) When face recognition fails. Journal of Experimental Psychology:
Human Learning and Memory 3: 406—417.

Bonner L, Burton AM, Bruce V (2003) Getting to know you: How we learn new faces. Visual Cognition
10: 527-536. doi: 10.1080/13506280244000168

O’Donnell C, Bruce V (2001) Familiarisation with faces selectively enhances sensitivity to changes
made to the eyes. Perception 30: 755-764. doi: 10.1068/p3027 PMID: 11464563

Clutterbuck R, Johnston RA (2005) Demonstrating how unfamiliar faces become familiar using a face
matching task. European Journal of Cognitive Psychology 17: 97—-116. doi: 10.1080/
09541440340000439

PLOS ONE | DOI:10.1371/journal.pone.0116707 January 15,2015 19/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0116707.s001
http://www.ncbi.nlm.nih.gov/pubmed/17469961
http://dx.doi.org/10.1068/p7008
http://www.ncbi.nlm.nih.gov/pubmed/21882725
http://dx.doi.org/10.1002/(SICI)1099-0720(199706)11:3%3C211::AID-ACP430%3E3.0.CO;2-O
http://dx.doi.org/10.1002/(SICI)1099-0720(199706)11:3%3C211::AID-ACP430%3E3.0.CO;2-O
http://dx.doi.org/10.1002/acp.2350010108
http://dx.doi.org/10.3758/s13423-013-0475-3
http://www.ncbi.nlm.nih.gov/pubmed/23835616
http://dx.doi.org/10.1037/0096-3445.104.1.54
http://dx.doi.org/10.1037/0096-3445.104.1.54
http://dx.doi.org/10.1016/S1364-6613(00)01519-9
http://www.ncbi.nlm.nih.gov/pubmed/10962614
http://dx.doi.org/10.1080/09658210902976969
http://www.ncbi.nlm.nih.gov/pubmed/19548173
http://dx.doi.org/10.1068/p080431
http://www.ncbi.nlm.nih.gov/pubmed/503774
http://dx.doi.org/10.1111/j.2044-8295.1985.tb01972.x
http://dx.doi.org/10.1111/j.2044-8295.1985.tb01972.x
http://dx.doi.org/10.3758/BF03194853
http://www.ncbi.nlm.nih.gov/pubmed/14710963
http://dx.doi.org/10.1111/1467-9280.00144
http://dx.doi.org/10.1111/j.2044-8295.1982.tb01795.x
http://dx.doi.org/10.1080/13506280244000168
http://dx.doi.org/10.1068/p3027
http://www.ncbi.nlm.nih.gov/pubmed/11464563
http://dx.doi.org/10.1080/09541440340000439
http://dx.doi.org/10.1080/09541440340000439

@' PLOS ‘ ONE

Comparison in Face Learning

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

Dwyer DM, Mundy ME, Vladeanu M, Honey RC (2009) Perceptual learning and acquired face familiari-
ty: Evidence from inversion, use of internal features, and generalization between viewpoints. Visual
Cognition 17: 334-355. doi: 10.1080/13506280701757577

Honey RC, Bateson P, Horn G (1994) The role of stimulus comparison in perceptual learning: An inves-
tigation with the domestic chick. Quarterly Journal of Experimental Psychology Section B: Comparative
and Physiological Psychology 47:83—-103.

Mundy ME, Dwyer DM, Honey RC (2006) Inhibitory associations contribute to perceptual learning in hu-
mans. Journal of Experimental Psychology: Animal Behavior Processes 32: 178—184. PMID:
16634661

Symonds M, Hall G (1995) Perceptual learning in flavor aversion conditioning: Roles of stimulus com-
parison and latent inhibition of common stimulus elements. Learning and Motivation 26: 203—-219. doi:
10.1016/0023-9690(95)90005-5

Gibson EJ (1963) Perceptual learning. Annual Review of Psychology 14: 29-56. doi: 10.1146/
annurev.ps.14.020163.000333 PMID: 13947716

Gibson EJ (1969) Principles of perceptual learning and development. New York: Appleton-Century-
Crofts.

Dwyer DM, Mundy ME, Honey RC (2011) The role of stimulus comparison in human perceptual learn-
ing: Effects of distractor placement. Journal of Experimental Psychology: Animal Behavior Processes
37:300-307. PMID: 21500928

Hall G, Mitchell C, Graham S, Lavis Y (2003) Acquired equivalence and distinctiveness in human dis-
crimination learning: Evidence for associative mediation. Journal of Experimental Psychology: General
132: 266—-276. doi: 10.1037/0096-3445.132.2.266

Mitchell C, Kadib R, Nash S, Lavis Y, Hall G (2008) Analysis of the role of associative inhibition in per-
ceptual learning by means of the same-different task. Journal of Experimental Psychology: Animal Be-
havior Processes 34: 475-485. PMID: 18954231

McLaren IPL, Mackintosh NJ (2002) Associative learning and elemental representation: Il. Generaliza-
tion and discrimination. Animal Learning and Behavior 30: 177-200. doi: 10.3758/BF03192828

Blair CAJ, Hall G (2003) Perceptual learning in flavor aversion: Evidence for learned changes in stimu-
lus effectiveness. Journal of Experimental Psychology: Animal Behavior Processes 29: 39—48. PMID:
12561132

Longmore CA, Liu CH, Young AW (2008) Learning faces from photographs. Journal of Experimental
Psychology: Human Perception and Performance 34: 77-100. PMID: 18248141

Hill H, Bruce V (1996) Effects of lighting on the perception of facial surfaces. Journal of Experimental
Psychology: Human Perception and Performance 22: 986—-1004. PMID: 8756964

Kemp R (1996) Perception and recognition of normal and negative faces: The role of shape from shad-
ing and pigmentation cues. Perception 25: 37-52. doi: 10.1068/p250037 PMID: 8861169

Hill H, Schyns PG, Akamatsu S (1997) Information and viewpoint dependence in face recognition. Cog-
nition 62: 201-222. doi: 10.1016/S0010-0277(96)00785-8 PMID: 9141907

Dwyer DM, Vladeanu M (2009) Perceptual learning in face processing: Comparison facilitates face rec-
ognition. Quarterly Journal of Experimental Psychology 62: 2055-2067. doi: 10.1080/
17470210802661736

Valentine T (1991) A unified account of the effects of distinctiveness, inversion, and race in face recog-
nition. Quarterly Journal of Experimental Psychology Section A: Human Experimental Psychology 43:
161-204. doi: 10.1080/14640749108400966

Lewis MB (2004) Face-space-R: Towards a unified account of face recognition. Visual Cognition 11:
29-69. doi: 10.1080/13506280344000194

Light LL, Kayra-Stuart F, Hollander S (1979) Recognition memory for typical and unusual faces. Journal
of Experimental Psychology: Human Learning and Memory 5:212-228.

Fleishman JJ, Buckley ML, Klosinsky MJ (1976) Judged attractiveness in recognition memory of wom-
en’s faces. Perceptual and motor skills 43: 709-710. doi: 10.2466/pms.1976.43.3.709 PMID: 1012858

Shapiro PN, Penrod S (1986) Meta-analysis of facial identification studies. Psychological Bulletin 100:
139-156. doi: 10.1037/0033-2909.100.2.139

Minear M, Park DC (2004) A lifespan database of adult facial stimuli. Behavior Research Methods, In-
struments, and Computers 36: 630—633. doi: 10.3758/BF03206543 PMID: 15641408

Rouder JN, Speckman PL, Sun D, Morey RD, Iverson G (2009) Bayesian t tests for accepting and re-
jecting the null hypothesis. Psychonomic Bulletin and Review 16: 225-237. doi: 10.3758/PBR.16.2.
225 PMID: 19293088

PLOS ONE | DOI:10.1371/journal.pone.0116707 January 15,2015 20/21


http://dx.doi.org/10.1080/13506280701757577
http://www.ncbi.nlm.nih.gov/pubmed/16634661
http://dx.doi.org/10.1016/0023-9690(95)90005-5
http://dx.doi.org/10.1146/annurev.ps.14.020163.000333
http://dx.doi.org/10.1146/annurev.ps.14.020163.000333
http://www.ncbi.nlm.nih.gov/pubmed/13947716
http://www.ncbi.nlm.nih.gov/pubmed/21500928
http://dx.doi.org/10.1037/0096-3445.132.2.266
http://www.ncbi.nlm.nih.gov/pubmed/18954231
http://dx.doi.org/10.3758/BF03192828
http://www.ncbi.nlm.nih.gov/pubmed/12561132
http://www.ncbi.nlm.nih.gov/pubmed/18248141
http://www.ncbi.nlm.nih.gov/pubmed/8756964
http://dx.doi.org/10.1068/p250037
http://www.ncbi.nlm.nih.gov/pubmed/8861169
http://dx.doi.org/10.1016/S0010-0277(96)00785-8
http://www.ncbi.nlm.nih.gov/pubmed/9141907
http://dx.doi.org/10.1080/17470210802661736
http://dx.doi.org/10.1080/17470210802661736
http://dx.doi.org/10.1080/14640749108400966
http://dx.doi.org/10.1080/13506280344000194
http://dx.doi.org/10.2466/pms.1976.43.3.709
http://www.ncbi.nlm.nih.gov/pubmed/1012858
http://dx.doi.org/10.1037/0033-2909.100.2.139
http://dx.doi.org/10.3758/BF03206543
http://www.ncbi.nlm.nih.gov/pubmed/15641408
http://dx.doi.org/10.3758/PBR.16.2.225
http://dx.doi.org/10.3758/PBR.16.2.225
http://www.ncbi.nlm.nih.gov/pubmed/19293088

@' PLOS ‘ ONE

Comparison in Face Learning

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Jeffreys H (1961) Theory of Probability ( 3rd ed.). Oxford, UK: Oxford University Press/Clarendon
Press.

Faul F, Erdfelder E, Lang A, Buchner A (2007) G*Power 3: a flexible statistical power analysis program
for the social behavioural, and biomedical sciences. Behav Res Meth, 39: 175-91. doi: 10.3758/
BF03193146

Cohen J (1988) Statistical power analysis for the behavioural sciences (2nd ed.). Hillsdale, NJ:
Erlbaum.

Brogden JW (1939) Sensory pre-conditioning. Journal of Experimental Psychology, 25(4), 323-332.
doi: 10.1037/h0058944

YuT, Lang S, Birbaumer N, Kotchoubey B (2014) Neural Correlates of Sensory Preconditioning: A Pre-
liminary fMRI Investigation. Human Brain Mapping, 35(4), 1297—-1304. doi: 10.1002/hbm.22253 PMID:
23450811

Mundy ME, Downing PE, Honey RC, Singh KD, Graham KS, et al. (2014) Brain Correlates of Experi-
ence-Dependent Changes in Stimulus Discrimination Based on the Amount and Schedule of Exposure.
PLoS ONE, 9(6). doi: 10.1371/journal.pone.0101011 PMID: 24967903

Mundy ME, Honey RC, Downing PE, Wise RG, Graham KS, et al. (2009) Material-independent and ma-
terial-specific activation in functional MRI after perceptual learning. NeuroReport 20: 1397-1401. doi:
10.1097/WNR.0b013e32832{81f4 PMID: 19794319

Stevenage SV (1998) Which twin are you? A demonstration of induced categorical perception of identi-
cal twin faces. British Journal of Psychology 89: 39-57. doi: 10.1111/].2044-8295.1998.tb02672.x

Robbins R, McKone E (2003) Can holistic processing be learned for inverted faces? Cognition 88:
79-107. doi: 10.1016/S0010-0277(03)00020-9 PMID: 12711154

Blanz V, Vetter T (1999) A morphable model for the synthesis of 3d faces.: 178—194.

Vetter T, Poggio T (1997) Linear object classes and image synthesis from a single example image.
IEEE Transactions on Pattern Analysis and Machine Intelligence 19: 733-742. doi: 10.1109/34.
598230

O'Toole AJ, Deffenbacher KA, Valentin D, Abdi H (1994) Structural aspects of face recognition and the
other-race effect. Memory and Cognition 22: 208—224. doi: 10.3758/BF03208892 PMID: 8035697

Hancock P, Burton AM, Bruce V (1996) Face processing: Human perception and principal components
analysis. Memory and Cognition 24:26—40. doi: 10.3758/BF03197270

Valentine T, Bruce V (1986) The effect of race, inversion and encoding activity upon face recognition.
Acta Psychologica 61:259-273. doi: 10.1016/0001-6918(86)90085-5 PMID: 3716859

Sowden PT, Davies IRL, Roling P (2000) Perceptual learning of the detection of features in X-ray im-
ages: A functional role for improvements in adults’ visual sensitivity? Journal of Experimental Psycholo-
gy: Human Perception and Performance 26: 379-390. PMID: 10696624

Solomon GEA (1997) Conceptual change and wine expertise. Journal of the Learning Sciences 6:
41-60. doi: 10.1207/s15327809jls0601_3

Biederman |, Shiffrar MM (1987) Sexing day-old chicks: A case study and expert systems analysis of a
difficult perceptual-learning task. Journal of Experimental Psychology: Learning, Memory, and Cogni-
tion 13: 640-645.

PLOS ONE | DOI:10.1371/journal.pone.0116707 January 15,2015 21/21


http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.1037/h0058944
http://dx.doi.org/10.1002/hbm.22253
http://www.ncbi.nlm.nih.gov/pubmed/23450811
http://dx.doi.org/10.1371/journal.pone.0101011
http://www.ncbi.nlm.nih.gov/pubmed/24967903
http://dx.doi.org/10.1097/WNR.0b013e32832f81f4
http://www.ncbi.nlm.nih.gov/pubmed/19794319
http://dx.doi.org/10.1111/j.2044-8295.1998.tb02672.x
http://dx.doi.org/10.1016/S0010-0277(03)00020-9
http://www.ncbi.nlm.nih.gov/pubmed/12711154
http://dx.doi.org/10.1109/34.598230
http://dx.doi.org/10.1109/34.598230
http://dx.doi.org/10.3758/BF03208892
http://www.ncbi.nlm.nih.gov/pubmed/8035697
http://dx.doi.org/10.3758/BF03197270
http://dx.doi.org/10.1016/0001-6918(86)90085-5
http://www.ncbi.nlm.nih.gov/pubmed/3716859
http://www.ncbi.nlm.nih.gov/pubmed/10696624
http://dx.doi.org/10.1207/s15327809jls0601_3

