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ABSTRACT

ARTICLE HISTORY

The fan eﬀect shows that memory is superior for information associated with few contexts
relative to information associated with many contexts. The current study examined the fan
eﬀect within face recognition. Participants studied faces in which eye regions were
associated with only one face (low-fan) or several faces (high-fan). Additionally, we
examined whether featural fan might moderate in-group biases (i.e. in-group faces are
better remembered than out-group faces). To this end, we manipulated occupation
status (Experiment 1) and age (Experiment 2) of studied faces, and presented high- and
low-fan faces. Results showed that low-fan faces were better remembered than high-fan
faces. We did not detect an in-group bias as a function of occupation status, but there
was a robust own-age bias. Fan type did not moderate the own-age bias, however.
Although face recognition is sensitive to featural fan, the eﬀect does not appear to
diﬀerentially impact the own-age bias..

Received 7 January 2019
Accepted 1 September 2019

Humans are generally experts at perceiving human
faces, but recognition of unfamiliar faces is often vulnerable to error (e.g. Young & Burton, 2017). Among
the factors that aﬀect recognition of faces is their
distinctiveness (e.g. Going & Read, 1974). Faces are
better perceived and remembered when they are
distinctive/atypical, deviating from those encountered on a daily basis in some fashion, such as
having an unusual nose or eye region (e.g. Valentine,
1991). Distinctiveness in these situations has been
deﬁned either as an extra-experimental factor
(based on participants’ experience), such as that
obtained through typicality ratings (e.g. Vokey &
Read, 1992), or as an exaggeration of features,
such as that occurring in a caricature (e.g. Bruce &
Young, 2012; Leder & Bruce, 1998).
These ﬁndings of the memorial beneﬁt of facial distinctiveness comport with theories holding that
memory reﬂects the degree to which information is
distinct from competitors (e.g. Huang & Wille, 1979;
Neath & Brown, 2006; Von Restorﬀ, 1933). For
example, the cue overload principle predicts that the
probability of remembering a studied item is negatively related to the number of cues associated with
that item (Watkins & Watkins, 1975). By this account,
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memories are more likely to be retrieved when cues
uniquely predict or specify a target, not when cues
simply match information acquired during encoding
(e.g. Goh & Lu, 2012; Poirier et al., 2012). Thus,
memory is subject to fan eﬀects, such that response
times increase and target recall decreases as a target
is associated with more contexts (Anderson, 1974;
Anderson & Reder, 1999; Diana, Peterson, & Reder,
2004; Park, Arndt, & Reder, 2006; Reder, Donavos, &
Erickson, 2002).

Relative distinctiveness and the featural
fan eﬀect
In this paper, we examine the fan eﬀect as it applies
to a facial feature (which we term the featural fan
eﬀect) that is important for successful face recognition. The featural fan eﬀect reﬂects the general
ﬁnding that test items whose contexts are reinstated
in a low-fan feature (using a feature shared with few
other items) are better remembered than items
whose contexts are reinstated in a high-fan feature
(using a feature shared with many other items).
For example, words presented and tested in the
same unique fonts are better remembered than
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words presented and tested in a font associated
with many other words (Diana et al., 2004; Park
et al., 2006; Reder et al., 2002). Reder et al. (2013)
extended these ﬁndings to faces, showing that
famous faces superimposed during encoding on
backgrounds common to fewer targets (low-fan
condition) were better remembered than faces
superimposed on backgrounds common to many
targets (high-fan condition). The memory advantage
for low-fan faces was only observed for faces of
famous (known) people; memory did not diﬀer
between low-fan and high-fan conditions for faces
of non-famous (unknown) people. Reder et al. concluded that non-famous faces did not have preexisting representations in memory and therefore
could not be bound to a context. However, in that
study, only the backgrounds were manipulated; it
remains undetermined whether a fan manipulation
of the individual features of the faces themselves
would also aﬀect recognition.
To our knowledge, the only previous study to
explore the featural fan eﬀect in face recognition
was reported by Anderson and Paulson (1978).
They used IDENTI-KIT sketches of faces comprised
of four features: hairstyle, eyes and eyebrow
region, nose and mouth region, and the chin
region. Participants studied faces that had two
high-fan features (features seen with three other
faces), two low-fan features (features seen with
only one face each), and faces that had one highfan feature and one low-fan feature. During a subsequent recognition test, participants were slowest
to recognise faces with two high-fan features, consistent with a featural fan eﬀect.
However, the fan eﬀect for faces was weaker than
that for verbal information, a ﬁnding Anderson and
Paulson (1978) attributed to stronger Gestalts
formed by faces. That is, with faces, participants presumably engaged in holistic processing rather than
feature-by-feature processing (e.g. Maurer, Le
Grand, & Mondloch, 2002; Tanaka & Farah, 1993;
but see Rezlescu, Susilo, Wilmer, & Caramazza,
2017), potentially dampening the featural fan
eﬀect. By extension, if faces are processed by collectively integrating individual features within each
unique face, then fan eﬀects may not be observed
for faces at all. For example, a strong form of holistic
processing might entail that features (such as eye
regions) shared across faces would have little
impact on face memory because that information
would be encoded within the larger context of a
unique face. That is, although the same eye region

might be seen in several faces, each face would be
processed as a unique identity. In contrast, detecting
a fan eﬀect would provide evidence against such a
strong form of holistic processing, suggesting
reliance on a more analytic, featural mode of processing (see Tanaka & Simonyi, 2016). We tested this
prediction in the experiments reported by varying
the degree to which eye region information was
shared across faces.

In-group recognition biases
An additional goal of the current experiments was to
examine the featural fan eﬀect in regard to in-group/
out-group diﬀerences in face recognition. That is,
faces that share characteristics similar to those of
the perceiver (e.g. same race or age), are more
likely to be recognised than faces that do not (e.g.
Bruce & Young, 2012; Rhodes & Anastasi, 2012).
One account of in-group biases suggests that they
reﬂect diﬀerences in perceptual expertise that
accrue from variations in the amount of contact
with in-group versus out-group individuals. By this
view, greater contact facilitates perceptual expertise
with a group of faces, supporting recognition.
Indeed, extensive contact with out-group faces
may attenuate in-group face recognition advantages (e.g. Hills, 2012; Macchi Cassia, Kuefner,
Picozzi, & Vescovo, 2009; Macchi Cassia, Pisacane,
& Gava, 2012; Wiese, Komes, & Schweinberger,
2013; Wiese, Wolﬀ, Steﬀens, & Schweinberger, 2013).
For present purposes, it is important to note that
the contact hypothesis is contingent on physical or
perceptual diﬀerences that exist in diﬀerent groups
of individuals. Interestingly, Ratcliﬀ, Hugenberg,
Shriver, and Bernstein (2011) have demonstrated
that in-group categorisation and the ensuing recognition bias can be shown even when no perceptual
diﬀerences exist between faces (see also Bernstein,
Young, & Hugenberg, 2007). For example, Ratcliﬀ
et al. reported that college students exhibited
better memory for faces randomly assigned a label
corresponding to a high-status occupation (e.g.
doctor) than a low-status occupation (e.g. mechanic). Thus, an in-group recognition advantage was
observed for perceptually ambiguous faces (i.e.
faces with no perceivable physical diﬀerences
between groups).
One account of this ﬁnding for perceptually
ambiguous faces is that in-groups engender
diﬀerent types of processing than out-group faces.
For instance, in-group faces are assumed to be
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processed more holistically, whereas processing of
out-group faces is assumed to rely more on individual features (e.g. Meissner & Brigham, 2001). Findings from inversion and composite task studies, in
which recognition is most disrupted for in-group
faces, support this assumption (e.g. Kuefner,
Macchi Cassia, Picozzi, & Bricolo, 2008; Macchi
Cassia et al., 2012; Wiese, Kachel, & Schweinberger,
2013). In-group recognition advantages may also
be disrupted when faces are inverted, possibly
because the unfamiliar inverted orientation interferes with holistic processing (e.g. Macchi Cassia,
Picozzi, Kuefner, & Casati, 2009). Further, in-group
faces, relative to out-group faces, tend to be more
disrupted by alignment (whole face) than misalignment (top and bottom halves shifted) in composite
tasks, presumably because of stronger Gestalt formation that interferes with feature by feature processing (e.g. Wiese, Kachel et al., 2013).
Accordingly, if in-group recognition is largely
driven by holistic processing, such in-group faces
may be less sensitive to featural fan eﬀects than
out-group faces. That is, a strong version of a holistic
processing account would predict that manipulations of a single feature across faces should have
less impact on in-group relative to out-group faces.
We tested this hypothesis in two experiments.

The current study
The current study investigated the featural fan eﬀect
for in-group and out-group face recognition.
Regarding the former goal, we examined whether
the fan eﬀect extends to face recognition when
manipulated via facial features and tested a potential boundary condition of a strong version of holistic
approach to face processing, which would predict
that fan would have little eﬀect on in-group recognition. Accordingly, participants studied a set of
faces whereby eye information was shared across
faces (high-fan) or was distinct across faces (lowfan). The eye region was chosen as the feature to
manipulate because it appears to be highly important for face identiﬁcation (e.g. Eimer, 1998;
Johnson, 2005; Kawakami et al., 2014; Letourneau
& Mitchell, 2008; Valentine & Bruce, 1985; Whalen
et al., 2004). Indeed, using contrast chimeric faces,
Sormaz, Andrews, and Young (2013) reported a
memorial advantage for faces with positive contrast
eyes compared to faces with positive contrast forehead, nose, or mouth regions. A featural fan eﬀect
would be evident if faces that shared features (i.e.
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high-fan faces) were less likely to be correctly recognised than faces that did not share features (i.e. lowfan faces). As noted, such a ﬁnding would suggest
some limit to strong forms of holistic processing,
as it would indicate that a single feature could
disrupt face recognition even when presented in
the context of a unique face.
Faces that do not share features should be more
distinct than faces that share features. Thus, as a
second goal, the experiments also explored
whether such relative distinctiveness would moderate in-group recognition biases. Distinctiveness
beneﬁts face recognition in general (e.g. Going &
Read, 1974; Leder & Bruce, 1998; Vokey & Read,
1992), as well as recognition of other-race faces
(Valentine & Endo, 1992). However, distinctiveness
has generally been represented by atypical faces
and is diﬀerent from relative distinctiveness that
might involve a comparison between the features
of only typical faces. In this study, rather than such
global distinctiveness as represented by atypical
faces, we focus on local relative distinctiveness,
which is assumed to be inﬂuenced to a greater
degree by what is immediately around a given
typical face (cf. Neath & Brown, 2006) by using the
fan eﬀect in an episodic memory manipulation.
That is, we hold global distinctiveness constant
while varying local relative distinctiveness in terms
of shared eye regions.
With regard to in-group biases, we hypothesised
that the featural fan eﬀect might moderate recognition as a function of how faces were processed. In
particular, to the degree that processing is dependent
on scrutinising individual features, featural fan eﬀects
should diﬀer. That is, if out-group face processing is
indeed more feature-based than in-group face processing, then out-group faces should be more sensitive to the fan eﬀect. If in-group faces largely
engender holistic processing, then recognition of
such faces should be less sensitive to the existence
of shared features (cf. Anderson & Paulson, 1978).
However, if in-group faces are equally reliant on featural processing, then any fan eﬀects observed
should be similar in both groups of faces.
To test whether a featural fan eﬀect would
emerge for in-group vs. out-group, we manipulated
occupation status in Experiment 1 (e.g. Ratcliﬀ et al.,
2011) and face age in Experiment 2 (e.g. Rhodes &
Anastasi, 2012). As with the own-age group that is
naturally considered to be the in-group, following
Ratcliﬀ et al. (2011), the high-status occupations
group was also theorised to be the in-group. That
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is, according to Ratcliﬀ et al., the higher-status occupations would be more desirable and therefore
more likely to be processed as in-group. Further,
given that the experiment was conducted with
college students, most of whom by deﬁnition are
predicted go into higher-status occupations, faces
belonging to these occupations were assumed to
act as in-group faces.
Featural fan was manipulated in each experiment
as the number of times that a given eye region was
presented with diﬀerent faces. Accordingly, a featural fan eﬀect would manifest if participants were
more likely to correctly recognise faces whose eye
region was a low-fan feature relative to faces
whose eye region was a high-fan feature.

Experiment 1
Method
Participants. All participants in each experiment
went through written informed consent before any
experimental procedures began. There were originally 71 female1 participants from American University, and all received extra credit in their Psychology
courses. Three participants were excluded because
their face discrimination was at chance level, and 3
others were excluded because of software malfunction. Thus, there were 65 female participants
between the ages of 18–22 (mean age = 19.4).2 A
sensitivity analysis assuming an alpha level of .05
indicated that this sample size was suﬃcient to
reliably detect an eﬀect size as small as d = .352
with a power of .80, via a two-group, repeatedmeasures tests.3
Materials. The face stimuli were generated from 112
pictures of Caucasian females between the ages of
17–31 (mean age = 20.9) obtained from the
Glasgow Unfamiliar Face Database (Burton, White,
& McNeill, 2010) as well as Flickr.com. Images
obtained from Flickr.com were Creative Commonslicensed content that could be modiﬁed, adapted,
or built upon. All images were photo-edited to
create composites using Pixelmator and script
written using Python to automate the task. More
speciﬁcally, the eye regions were masked from the
1

original faces and then combined with the original
faces to create the composite faces. Thus, there
were a total of 12,432 (111 × 112) composite face
stimuli, and no faces remained in their original
form in the composite set. Examples of two original
faces, and one composite face in which the rest of a
face was combined with a new eye region, are
shown in Figure 1. Superlab 5.0 was used to code
the experiment script. In both experiments, a short
exit survey was used to collect participant demographics (e.g. age, gender, race/ethnicity) and
included a free response question that asked “Did
you notice anything about the faces?”

Design & procedure. Experiment 1 consisted of a 2
(fan type: low vs high) × 2 (occupation status: high vs
low) repeated-measures design. A given eye region
was presented with just one face in the low-fan condition or with six faces in the high-fan condition.
Stimuli compilation (combinations of faces and eye
regions) and presentation order were randomised
with respect to both fan type and occupation
status conditions. For each participant, any given
face had an equal opportunity to be in the low or
high-fan condition as well as in the high or lowstatus occupation condition. During the study
phase, overall, each participant saw 112.
For the manipulation of fan, there were 16 eye
regions assigned to the low-fan condition and 16
eye regions assigned to the high-fan condition.
Thus, the low-fan condition consisted of 16
diﬀerent eye regions composited with 16 diﬀerent
faces. The high-fan condition consisted of 16
diﬀerent eye regions, each with a fan of 6 (i.e. each
eye region was composited with 6 diﬀerent faces)
for a total of 96 diﬀerent faces. For the manipulation
of occupation status, half of the low-fan and half of
the high-fan faces were assigned to the high-status
condition (doctor, CEO, lawyer, professor) and the
rest were assigned to low-status condition (maid,
nanny, secretary, bus driver).
The occupation labels always appeared below the
faces. Some of the occupations were taken from
Ratcliﬀ et al. (high-status: doctor, CEO, four-star
general, judge; low-status: mechanic, fry cook,
farmer, plumber) and others were created anew

Only females were tested in both experiments in order not to introduce a potential own-gender recognition bias.
Participants were screened for age and gender to match the age and gender of the people depicted in the stimulus pictures, but they were not
screened for race. The purpose was to determine if an ad-hoc grouping by same- or other-race might reveal any further moderating eﬀects.
An exit survey revealed that 37 participants were of the same race as the people depicted in the stimulus pictures whereas 28 were of a
diﬀerent race.
3
All repeated measures eﬀect sizes reﬂect Cohen’s d (see Lakens, 2013, for details of the calculation.)
2
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Figure 1. Example of How Eye Regions were Masked to
Create Composite Faces. From left to right at the top: original face 1, original face 1 with the eye region masked (such
that it is transparent). From left to right at the bottom: original face 2, original face 1 with the eye region from original
face 2. All stimuli were edited such that no single original
face appeared intact. In addition, each participant received
a diﬀerent random order of stimuli pairings. Any oddities
due to image manipulation that made certain combinations
more distinctive added to the noise/error term.

for this experiment. In order to ensure that highstatus occupations were indeed believed to be
higher status than low-status occupations, ratings
were collected during an exit survey in which participants rated occupations on a scale of 1 to 7, where 1
indicated the lowest status and 7 indicated the
highest status occupation (cf. Ratcliﬀ et al., 2011).
The study phase itself was further divided into a
training task (112 trials) and a matching task (224
trials). In accordance with Ratcliﬀ et al. (2011),
there were no explicit instructions in the study
phase to encode the occupation labels with the
faces. The occupation labels were randomly
assigned and were randomised separately for each
participant. During the training task, participants
studied faces that were presented in a random
order, one at a time on a computer screen for 5 s
each, with an inter-stimulus interval (ISI) of 250 ms
during which a ﬁxation cross “+” was presented in
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the centre of the screen. Then, participants completed the matching task with pairs of all the faces
that were presented in the training task. The
purpose of the matching task was to familiarise participants with the target faces. During this task, the
two faces of a given pair were presented side by
side, and participants determined, as quickly and
accurately as possible, whether or not the two
faces were the same or diﬀerent. They responded
with the “s” key if the two faces were the same or
the “d” key if the two faces were diﬀerent. Participants were instructed to make button presses with
their dominant hand. In order to facilitate learning,
the programme presented immediate feedback
regarding accuracy. If the participant answered correctly, the word “Correct” appeared in green onscreen. If the participant answered incorrectly, the
word “Incorrect” appeared onscreen in red. Participants performed the task with high accuracy,
making errors in only 3% of the trials in both experiments. The stimuli were randomly paired for each
participant with the constraint that a given face
was paired with itself and also paired with a
diﬀerent face. In this way, participants had three
opportunities to learn the faces, once in the training
task and twice in the matching task.
Immediately following the study phase, an old/
new recognition test was given. Half of the faces
were targets, comprised of reinstated items (presented exactly as they were presented at study).
The other half were lures and consisted of faces
with swapped/re-paired, eye regions. Reinstated
and swapped faces were randomly determined for
each participant with the constraint that there
were equal numbers of each type. Further,
swapped faces were randomly re-paired for each
participant with the constraint that eye regions
were swapped within the study condition. That is,
a face labelled with a high-status occupation previously presented with a low-fan eye region was presented with that same high-status occupation and a
diﬀerent low-fan eye region. Likewise, 6 faces
labelled with high-status occupations presented
with a high-fan eye region were presented with
those same high-status occupation labels and a
diﬀerent high-fan eye region. Participants were
instructed to indicate whether an exact face had
been presented in the previous tasks based on recognition of the whole face. Therefore, the test
phase also consisted of 112 stimuli (along with the
same occupation labels that had been seen at
study): 56 reinstated or “Old” faces (8 in the low-
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fan and 48 in the high-fan conditions), and 56
swapped or “New” faces (8 in the low-fan and 48
in the high-fan conditions).4 These test stimuli
were presented in a random order with an ISI of
250 ms during which a ﬁxation cross “+” was presented in the centre of the screen. Responding
was self-paced, although participants were told to
respond quickly without losing accuracy, using
their dominant hand. Each test face remained onscreen until the participant made a judgment by pressing either the “j” key which was covered with a
sticker labelled “Old” or the “k” key, which was
covered with a sticker labelled “New”.

interaction eﬀect between Occupation Status and
Fan Type, we calculated the Bayes factor for the
ANOVA with the interaction term and both main
eﬀects relative to an ANOVA with only the main
eﬀects. The strength of the evidence can be considered weak (1 < BF ≤ 3), positive (3 < BF ≤ 20),
strong (20 < BF ≤ 150), or very strong (BF > 150;
Wagenmakers, 2007). All Bayes factors were calculated using JASP using the JZS prior, which Rouder,
Speckman, Sun, Morey, & Iverson (2009) recommend, because it requires the fewest prior
assumptions about the range of the true eﬀect size.

Results

Analysis plan
The primary questions of interest were how the
amount of fan and group status aﬀected face recognition and whether the eﬀect of group status
depended on the amount of fan. Therefore, the
key analyses involved 2 (Fan Type: low, high) × 2
(Occupation Status: high, low) repeated-measures
ANOVAs using diﬀerent dependent variables to
measure face recognition (i.e. hits, false alarms,
and signal detection measures of discriminability
and bias).
In addition to using traditional null hypothesis
signiﬁcance testing (NHST), we examined these
data through a Bayesian framework. One beneﬁt of
Bayesian methods over NHST is the conclusions
that can be drawn from analyses (e.g. Kruschke,
2013). Whereas NHST only allows for a binary
decision—i.e. to reject or fail to reject the null
hypothesis—Bayesian estimation methods can
quantify the strength of the evidence for the alternative and the null hypothesis. That is, we can accept
the null hypothesis and not merely fail to reject it.
Therefore, for the primary analyses of interest, we
report Bayes factors (BFs) in addition to p values and
standardised eﬀect sizes (e.g. h2p ). The Bayes factor is
a relative index and is calculated as the ratio of the
likelihood of the data given one model compared
to another model. For example, to quantify the
strength of the main eﬀect of Fan Type, we compared an ANOVA model with the main eﬀect of
Fan Type and the intercept to an intercept-only
model and calculated the corresponding Bayes
Factor. To quantify the strength of evidence for an
4

Manipulation check for rank of occupations
A paired-samples t-test conﬁrmed that high-status
occupations (M = 6.391, SE = 0.086) were rated
signiﬁcantly higher in status than low-status
occupations (M = 3.001, SE = 0.094), t(64) = 35.596,
p < .001, Cohen’s d = 4.640; CI95: 3.654, 5.259.
Analysis of hits and false alarms
We ﬁrst consider the proportion of faces correctly
called “old” for studied items (i.e. hits) and the proportion of lures mistakenly called “old” (i.e. false
alarms). Hits were analysed in a 2 (Fan Type: low,
high) × 2 (Occupation Status: high, low) repeatedmeasures ANOVA. Overall, hits were more likely for
high-fan (M = 0.645, SE = 0.019) than for low-fan (M
= 0.574, SE = 0.025) faces, F(1, 64) = 13.626, p < .001,
h2p = .176, BF = 9.89. Hits were also more likely for
high-status (M = 0.629, SE = 0.023) than low-status
(M = 0.591, SE = 0.023) faces; however, this diﬀerence was small and the Bayes factor provided
weak evidence against an eﬀect of occupation
status, F(1, 64) = 3.198, p = .078, h2p = .048, BF = 2.92.
The Fan Type × Occupation Status interaction was
also not signiﬁcant and the Bayes factor provided
weak evidence against the interaction eﬀect, F(1,
64) = 2.102, p = .152, h2p = .032, BF = 1.78.
Overall, false alarms were more likely for high-fan
(M = 0.444, SE = 0.020) than for low-fan (M = 0.264,
SE = 0.020) faces, F(1, 64) = 68.948, p < .001, h2p
= .519, BF = 6.11 × 1013. False alarms did not vary by
Occupation Status nor did Occupation Status interact
with Fan, Fs < 1, BF = 7.94 and BF = 6.15, respectively.
Thus, there was a tendency for high-fan faces to result

We note that, although diﬀerent numbers of items in the two conditions were not ideal, the discrepancy was the same for both the “old” and “new”
items. Given that there were diﬀerent numbers of high- and low- fan faces, there was a possibility that the low-fan faces might have been given a
memorial boost because there were less of them. Therefore we addressed this issue by making the numbers of high- and low- fan faces equivalent
in Experiment 2.
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in more hits and substantially more false alarms. In
addition, Face Status had no reliable eﬀect on recognition, particularly for false alarms. We consider these
ﬁndings further within a signal detection framework.

Signal detection analyses
Discriminability (d’) was analysed via a 2 (fan type;
low vs high) × 2 (occupation status; high vs low)
repeated measures ANOVA.5 Figure 2 shows that
discriminability was superior for low-fan compared
with high-fan faces, F(1, 64) = 25.835, p < .001, h2p
= .288, BF = 6044.59, but there was no eﬀect of occupation status or an interaction between fan type and
occupation status (both Fs < 1), BF = 7.35 and BF =
7.86, respectively.
A similar analysis for response criterion (see
Figure 2) shows that, overall, responding (C) was
more liberal for high-fan relative to low-fan faces, F
(1, 64) = 61.703, p < .001, h2p = .491, BF = 3.77 × 109,
suggesting that participants were more likely to
endorse previously studying a face when the faces
were harder to discriminate. Low-status occupations
engendered more conservative responding than
high-status occupations, although this eﬀect was
small and the Bayes factor provided weak evidence
against an eﬀect of occupation status, F(1, 64) =
3.879, p = .053, h2p = .057, BF = 2.97. There was also
a marginal interaction between fan type and occupation status, F(1, 64) = 3.117, p = .082, h2p = .046,
although the Bayes factor revealed weak evidence
against an interaction eﬀect, BF = 1.20.
Discussion
A strong fan eﬀect emerged in Experiment 1 such that
faces with a low-fan eye region were better remembered than faces with a high-fan eye region. (This
occurred although none of the participants reported
in the exit survey that they detected a fan manipulation of the eye regions). These data show, for the
ﬁrst time, that the fan eﬀect extends to actual photographs of faces. However, in contrast to Ratcliﬀ et al.’s
study (2011) that reported superior discriminability for
high-status occupations, there was no evidence of an
eﬀect of occupation status on discriminability.6 Thus,
because no recognition bias emerged based on this
5

Figure 2. Experiment 1, Mean d′ and C′ as a Function of
Occupation and Fan Type. Error bars represent the standard
error of the means.

social-cognitive factor, we could not test for whether
distinctiveness, as shown by the featural fan eﬀect,
moderated an in-group recognition bias. We remedied this in Experiment 2 by employing a diﬀerent
manipulation of in-group/out-group bias.

Experiment 2
Experiment 2 was similar to Experiment 1 with the
exception that the social-cognitive factor of occupation status was replaced. Instead, participants
studied photos that diﬀered by face age, which
often produces superior recognition of same-age
relative to other-age faces (Anastasi & Rhodes,
2005; Rhodes & Anastasi, 2012; Wiese, Komes,
et al., 2013). Based on the results of Experiment 1,
we expected to ﬁnd a fan eﬀect. We also anticipated
that we would detect an own-age bias and further
tested whether the fan eﬀect would diﬀer for ingroup (own-age) vs. out-group (other age) faces.

To test for any moderating eﬀects of participant race we initially conducted a 2 (Fan Type: low vs high) × 2 (Occupation Status: high vs. low) × 2
(Race: same vs. other) repeated-measures ANOVA. Since there was no eﬀect of race, F < 1, and no interactions between race and fan type or occupation status, F(1, 63) = 1.6, p > .10, and F < 1, respectively, we removed race from the model. The possible eﬀect of race was also tested in Experiment 2, but once again neither the main eﬀect nor interactions were signiﬁcant, ps > .10, so race was again removed from the model.
6
For the sake of transparency, we felt it important to publish the null results for occupation status. In that way, the data allow for a more accurate
eﬀect size for that particular in-group/out-group manipulation. Indeed, psychology has a “replication crisis” (Lilienfeld, 2017). In addition, we used a
student population similar to the student population that was used in the original Ratcliﬀ et al. (2011) paper and at the time we had no reason to
suspect we might not replicate.
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Method
Participants. There were originally 64 female participants from American University and they received
either extra credit for their Psychology courses or a
payment of $20. Four participants were dropped
due to being at chance for face discrimination yielding 60 female participants between ages 18–22
(mean age = 19.3). None had participated in Experiment 1. A sensitivity analysis assuming an alpha
level of .05 indicated that this sample size was
suﬃcient to reliably detect an eﬀect size as small
as d = .356 with a power of .80, via a two-group,
repeated-measures test.
Materials, design, & procedure. The materials and
design were similar to Experiment 1 except that physical age diﬀerentiated the in- and out-groups (see
Figures 2 and 3 for examples of the new stimuli
and experimental design). Half of the stimuli consisted of the young female faces used in Experiment
1, and half consisted of older female faces taken from
the FACES Database (Ebner, Riediger, & Lindenberger,
2010), Ebner (2008), and Flickr.com, which were then
photo-manipulated according to the same speciﬁcations in Experiment 1.
Although EEG/ERP (electroencephalogram/eventrelated potential) data were also collected as part of
a larger study, we report only the behavioural results
here.7 Forty-eight faces were assigned to the low-fan
condition and 48 were assigned to the high-fan condition. In each fan type, half were younger faces and
the other half were older faces. Thus, there were 24
unique face composites in the low-fan condition for
each of the two face age groups. For the high-fan condition, for each of the two face age groups, four eye
regions were randomly chosen for each participant
and displayed with six faces for a total of 24 high-fan
face composites. Overall, there were 96 stimuli in the
study phase and therefore 96 trials in the training
task, 192 trials in the matching task and 96 trials in
the recognition task. At test, just as in Experiment 1,
half of the faces were reinstated and half of the faces
were swapped such that there were 96 low-fan and
96 high-fan faces. Eye-regions were swapped only
within their respective age groups.
Results
We analysed the proportion of hits in a 2 (Fan Type:
low, high) × 2 (Face Age: young, old) repeatedmeasures ANOVA. As in Experiment 1, hits were
7

The electrophysiological results have yet to be reported.

Figure 3. Experiment 2, Mean d′ and C as a Function of Age
of Face and Fan Type. Error bars represent the standard
error of the means.

greater for high-fan (M = 0.773, SE = 0.016) compared with low-fan (M = 0.686, SE = 0.018) faces, F
(1, 59) = 37.815, p < .001, h2p = .391, BF = 9255.52.
Hits were also more likely for faces of older (M =
0.773, SE = 0.016) than younger (M = 0.686, SE =
0.018) individuals, F(1, 59) = 25.361, p < .001, h2p
= .301, BF = 9536.56. Fan Type did not interact with
Face Age, F < 1, BF = 6.03.
The level of false alarms was analysed using the
same factors. Overall, false alarms were far more
likely for high-fan (M = 0.562, SE = 0.019) relative to
low-fan (M = 0.344, SE = 0.018) faces, F(1, 59) =
133.854, p < .001, h2p = .694, BF = 3.15 × 1014. False
alarms were also more prevalent for old (M = 0.544,
SE = 0.019) compared with young (M = 0.362, SE =
0.019) faces, F(1, 59) = 74.879, p < .001, h2p = .559,
BF = 1.81 × 109. Face Age did not interact with Fan,
F(1, 59) = 2.338, p = .132, h2p = .038, BF = 2.67.
Thus, as in Experiment 1, high-fan faces were
associated with more hits and substantially more
false alarms, suggesting that they engendered
more liberal responding. Older faces also showed a
similar pattern of more liberal responding. We consider this possibility more formally in the section
that follows.
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We analysed these data once again via signal
detection metrics. Figure 3 shows that discriminability (d’) was greater for low-fan relative to high-fan
faces, as well as for own-age faces. A 2 (Fan Type:
low vs. high) × 2 (Age: young vs. old) repeated
measures ANOVA showed that low-fan faces were
better discriminated than high-fan faces, F(1, 59) =
26.903, p < .001, h2p = .313, BF = 6092.80, and that
young faces were better discriminated than older
faces, F(1, 59) = 11.096, p = .001, h2p = .158, BF =
29.29. Fan Type did not interact with Face Age, F(1,
59) = 1.643, p = .205, h2p = .027 and there was evidence that Fan Type did not moderate an in-group
bias, BF = 3.68.
A 2 (Fan Type: low vs. high) × 2 (Age: young vs.
old) repeated-measures ANOVA indicated that
high-fan faces were associated with more liberal
responding (C) than low-fan faces, F(1, 59) =
137.396, p < .001, h2p = .700, BF = 4.97 × 1012, similar
to Experiment 1. Further, responding was more
liberal for older faces, F(1, 59) = 76.704, p < .001, h2p
= .565, BF = 3.58 × 109. The interaction between fan
type and age was not signiﬁcant, F < 1, and there
was positive evidence of no interaction, BF = 5.14.
Participants were more likely to respond “Yes” to
high-fan faces than low-fan faces. Participants were
also more likely to respond “Yes” to older faces
than young faces, suggesting that for stimuli that
are harder to discriminate (e.g. other-age and highfan faces), participants tended to show a liberal
response bias (cf. Hockley & Caron, 2007). Further,
there was no evidence that the featural fan eﬀect
was moderated by in-group/out-group status of
the faces.

General discussion
The current study examined the featural fan eﬀect
for in-group and out-group faces. In Experiment 1,
we tested the featural fan of the eye region
and manipulated the social-cognitive category occupation status to attempt to create an in-group recognition bias. Low-fan faces were remembered better
than high-fan faces, thus extending Anderson and
Paulson’s (1978) work to photographs of real faces.
However, inconsistent with the results reported by
Ratcliﬀ et al. (2011), there was no eﬀect of occupation status; discriminability was not superior for
high-status occupations compared to low-status
occupations. These data are consistent with several
other studies that have failed to detect diﬀerences
in recognition for perceptually ambiguous faces
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(e.g. Nguyen, 2014; Oates & Peynircioğlu, 2014;
Rhodes, Lie, Ewing, Evangelista, & Tanaka, 2010;
see also Short & Wagler, 2017) and warrant further
investigation. In Experiment 2, we obtained a
similar featural fan eﬀect, with recognition again
superior for low-fan relative to high-fan faces.
Indeed, operationalised via discriminability and collapsed across both experiments, there was a signiﬁcant recognition advantage for low-fan relative to
high-fan faces (Cohen’s d = .730; CI95: .505, .955). In
addition, we eﬀectively manipulated in-group/outgroup biases in Experiment 2, with our collegeaged participants demonstrating better discriminability for same-age compared with other-age
faces. Importantly, fan did not interact with ingroup/out-group recognition.
Thus, Experiment 2 suggests that recognition of
in-group and out-group faces was equally sensitive
to a feature fan manipulation. One potential explanation for this ﬁnding is to consider the degree to
which such faces diﬀer via Valentine’s face-space
model (Valentine, 1991). According to the facespace model, distinctiveness is operationalised as
the density of face space that any given face
occupies. If a given face is surrounded by many
similar neighbours, that is, many faces that look
similar based on one or more dimensions (e.g.
race, age, shape of eyes, etc.), then it is deemed
typical. If a given typical face does not share a
feature with any other face (low-fan), then it is said
to be distinctive. Previously, Valentine and colleagues had examined distinctiveness in terms of
how atypical a face appears to participants (e.g. is
rated as atypical because of a given dissimilar
dimension such as a prominent nose; Valentine,
1991; Valentine & Endo, 1992).
In our experiments, we did not manipulate typicality as deﬁned by this model (deviation in numbers
of neighbours in terms of a given dimension) but
used a set of all typical faces that either shared
or did not share eye regions. However, our manipulation did not rely on the distance between typical
and atypical faces but rather on the number of
faces that shared a feature. Despite this diﬀerence
the conceptual reasoning is analogous. With regard
to in-group biases, we note that Valentine and Endo
(1992), also did not detect an interaction between
the own-race bias and distinctiveness. According
to the face-space model, the distance between
typical other-race and atypical other-race faces
would be the same distance as that between typical
own-race and atypical own-race faces. Therefore,
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distinctiveness should aﬀect recognition for both
groups of faces in a similar manner.
A diﬀerent class of explanation focuses on qualitative diﬀerences in the type of processing engendered by in-group vs. out-group faces (e.g. Bruce &
Young 2012). One candidate diﬀerence is that ingroup faces are said to engender more holistic
processing whereas out-group faces are said to
engender more featural processing (e.g. Hugenberg
& Corneille, 2009; Michel, Rossion, Han, Chung, &
Caldara, 2006; Tanaka, Kiefer, & Bukach, 2004; but
see Mondloch et al., 2010). Although we did ﬁnd
an in-group face recognition advantage in Experiment 2, our data suggest that participants were
equally sensitive to fan for both in-group and outgroup faces. Thus, to the degree that participants
attended to eye information, speciﬁc face features
appeared to have a similar impact on in-group and
out-group recognition. The fan eﬀect, based on
featural processing, emerged just as strongly for
in-group faces assumed to be processed more holistically. Such data are not consistent with theories
holding that in-group and out-group faces engender
qualitatively diﬀerent types of processing. Future
work might further consider this ﬁnding via manipulations intended to disrupt holistic processing
(e.g. face inversion).
Taken more broadly, both experiments demonstrated robust fan eﬀects. The ﬁnding is even more
compelling considering that none of our participants could report in a short exit survey that the
eye regions had been manipulated. That is, participants were not intentionally attending to the eye
regions; nonetheless, featural fan appeared to
dampen holistic processing so that each face in a
high-fan condition was not necessarily considered
a unique identity. Such data comport with a more
general perspective arguing against dichotomous
accounts of face processing as entirely featurebased or holistic. Rather, processing should be
viewed as reﬂecting a continuum (Tanaka &
Simonyi, 2016), with holistic and/or feature-based
processing marshaled according to the demands
of the situation. In their seminal paper, Tanaka and
Farah (1993) demonstrated that face features were
best remembered in an intact face, presumably an
enhancement aﬀorded by holistic face processing.
Although features in a parts/whole paradigm are
better remembered in intact faces compared to in
isolation or in a scrambled face, this likely beneﬁt
from holistic processing does not aid participants
in a high-fan condition. Thus, even when processing

the whole face participants may engage in featurebased processing.
We note several caveats to the ﬁndings reported
in our experiments. First, although we detected an
own-age bias for our college-aged participants, we
did not test older adults. Testing both younger and
older participants would rule out any possible
eﬀects that might have been due to the speciﬁc
stimuli sets we used. Nevertheless, we should note
that although our study did not have an older
adults group, He, Ebner, and Johnson (2011) and
Wiese, Komes, et al. (2013) did ﬁnd own-age biases
with both younger and older adults using the
same databases that comprised the majority of our
older faces. Second, only female participants were
tested in the study to avoid introducing any owngender bias to these data, suggesting some value
in extending the ﬁndings also to males in the
future (cf. Herlitz & Lovén, 2013). Third, we manipulated only local distinctiveness while holding global
distinctiveness constant. A comparison of a typical/
atypical global manipulation and a local fan manipulation would further elucidate the nature of these
two types of distinctiveness. Lastly, although we
found a robust fan eﬀect using the eye region, the
question remains whether a similar fan eﬀect
might emerge with other, possibly less salient
facial features, such as the mouth region.
In conclusion, we extended the featural fan eﬀect
previously reported with IDENTI-KIT faces (Anderson
& Paulson, 1978) to real photographs, reporting a
substantial fan eﬀect. We also showed that relative
distinctiveness created by manipulating the fan of
the eye region did not appear to aﬀect face processing that drives the own-age bias. Thus, our data
provide some support for the argument that processing of in-group and out-group faces might be
driven by similar information.
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