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distractor an equal number of times and each appeared upright and
inverted an equal number of times. This created four counterbalance
groups that had approximately equal numbers of participants within
them. The location of the fixation cross was randomised according to
the rule that it cued the eyes, mouth and was not present for an equal
number of times for both upright and inverted faces. Recognition accu-
racy wasmeasured using the signal detection theory (e.g., Swets, 1966)
measure of stimulus discriminability, d′. Eye-tracking measures were:
fixation duration to each AOI, first fixation time and location, and mea-
sures of entropy.

2.4. Procedure

Participants were tested individually in a dedicated eye-tracking
laboratory. They sat facing the monitor with the keyboard directly in
front of them; their head placed comfortably on a chin rest to keep
head movements to a minimum; and their hand placed over the
relevant keys. Once informed consent was given, the eye-tracker's
calibration system was initiated using ClearView software. This
required the participants to track a moving blue circle around a white
background to nine pseudo-random locations on the screen. From this
point, there were three consecutive phases: the learning phase, the dis-
traction phase, and the test phase.

In the learning phase, participants were presented with 96 (48 up-
right and 48 inverted) of the faces sequentially in a random order.
Prior to each face a fixation cross appeared for 150 ms. The fixation
cross cued the eyes or themouth of the subsequent stimulus. In the con-
trol condition, the screen was blank for 150 ms. Participants had to fix-
ate on this fixation cross, or anywhere on the blank screen where the
facewould appear (in the nofixation cross condition) for 150 ms before
the face appeared. Thus, the displaywas gaze-contingent. Following the
fixation cross, the face was presented in the centre of the screen for
1500 ms, duringwhich time participants rated each face for how attrac-
tive they thought the face was on a 1 to 9 Likert-type scale (cf., Light,
Kayra-Stuart, & Hollander, 1979). Participants were encouraged to use
all of the numbers in the scale.2 All participants' responses were within
this timeframe. The fixation cross position was randomised across trials
with the pre-requisite that there were 32 trials in each condition, with
half of the faces upright and half inverted.

Immediately following the learning phase, participants were given
an irrelevant questionnaire as a distracter, which typically lasted for
4 min. The questions were completed on the computer. Once partici-
pants had completed this questionnaire, the unexpected test phase
began, after a recalibration process. For this, participantswere presented
with all 192 (96 targets and 96 distractors) faces sequentially in a ran-
dom order and were instructed to state whether they had seen each
face before by pressing the appropriate keys (“Z” for seen before and
“M” for not seen before) while the face was on screen. Each face was
on screen for 1500 ms in order to obtain sufficient eye-tracking data,
though all participants' responses were within that time. The target
faces were presented with the same fixation cross and in the same ori-
entation as in the learning phase. Half of the distractor faces were
presented upright and half were inverted each with the same number
of trials with the fixation cross preceding the eyes and the mouth and
no fixation cross. The duration of the fixation cross (or blank screen)
was 150 ms and participants had to fixate on this for 150 ms before
the next face appeared (a gaze-contingent procedure). Participants

were instructed to be as fast and as accurate as possible. There was no
inter-trial interval. Once all the faces had appeared, participants were
thanked and debriefed.

3. Results

3.1. Behavioural

The old/new responses were converted into themeasure of recogni-
tion accuracy d′ using the Macmillan and Creelman (2005) method. In
this analysis, where nomisses or false alarms were recorded, the values
were replaced with 0.5 (Macmillan & Creelman, 2005; Snodgrass &
Corwin, 1988). One male participant's data was excluded from all
analyses because for all measures, the participant was an outlier
(standardised residuals above 3.29). Thus, the analyses reported below
are on 24 participants.

The mean accuracy for upright and inverted faces that were pre-
ceded by a fixation cross which cued the eyes or the mouth and the
control (no cueing) condition are presented in Fig. 2a. The data
summarised in Fig. 2a were subjected to a 2×3 factorial ANOVA
with the factors: orientation of the face (upright and inverted) and
the features cued (eyes, mouth, or no cueing). There was a significant
main effect of orientation, F(1, 23)=69.61,MSE=0.19, pb .001,ηp2=.75,
whereby upright faces were more accurately recognised than inverted
faces (mean difference=0.60). There was also a main effect of
cueing, F(2, 46)=9.65, MSE=0.19, pb .001, ηp

2=.30. Bonferroni
corrected pairwise comparisons revealed that recognition accuracy
was higher when the eyes were cued than when the mouth was
cued (mean difference=0.39, p=.001) and when there was no cueing
(mean difference=0.22, p=.049). Additionally, recognition accuracy
was lower when the mouth was cued than when there was no cueing
though not significantly (mean difference=0.17, p=.22). These

2 While this instruction may cause different eye movements from instructing partic-
ipants to learn the faces, we prefer an implicit learning paradigm. We do this for two
reasons: it replicates the procedure of Hills et al. (2011); and there is no published ev-
idence suggesting that eye movements are significantly different in implicit and explic-
it learning tests. Many researchers employ an implicit learning task with the
instruction to rate faces as this is suggested to engage in more configural (and expert
processing) than asking participants to remember the faces (Winograd, 1981). There
is no evidence to suggest that instructing participants to learn the faces would result
in significantly different eye movements.

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

None Eyes Mouth

Feature Cued

M
ea

n 
R

ec
og

ni
tio

n 
A

cc
ur

ac
y 

(d
')

Upright face Inverted face

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

InvertedUpright

M
ea

n 
R

ec
og

ni
tio

n 
A

cc
ur

ac
y

Orientation of the Face

Eyes Fixated First Mouth Fixated First

A

B

Fig. 2. Mean recognition accuracy (d′): A) for upright and inverted faces split by the
feature cued; and B) as a function of the first feature fixated upon. Error bars represent
standard error.
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Effects of size, fixation location, and inversion in a face identification task

Face inversion effects
Information in upright and inverted faces is identical, 
but processing efficiency is lower for inverted.1 
!
The face inversion effect (FIE) can be accounted for 
by decreased sensitivity to horizontal structure in 
faces,2 but what factors mediate these effects? 
!
Here, we explored the effects and interactions of two 
recently hypothesized mediators of processing for 
identification of upright and inverted faces.
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Left: Mean proportion correct +/- SEM. We submitted these data to a 2 (size) x 2 (orientation) x 4 (fixation) repeated measures ANOVA, which 
revealed significant main effects of size (p<0.0001, higher PC for large), orientation (p<0.0001, higher PC for upright), and fixation (p<0.0001, 
lower PC for mouth). Further, the size x fixation interaction approached significance (p=0.051) and the orientation x fixation interaction was 
significant (p=0.005). The size x orientation (p=0.17) and size x orientation x fixation (p=0.15)  interactions did not approach significance. !
Middle: A direct examination of the fixation hypothesis, which predicts a modulation of the inversion effect by fixation location (mouth < eyes). 
Although the orientation x fixation interaction was significant in the ANOVA, these results do not support the prediction of the fixation hypothesis. !
Right: A direct examination of the size hypothesis, which predicts a modulation of the inversion effect by face width (large > small). The relevant 
interaction in the omnibus ANOVA (size x orientation) was not significant, so these results do not support the prediction of the size hypothesis.

Conclusions
Behavioural results did not clearly support either hypothesis: the face 
inversion effect was similar across all fixation locations and face sizes. 
!
The N170 face inversion effect was significantly modulated by fixation 
location, both in latency and amplitude, but not by face size. 
!
Together, these results are not consistent with the strong predictions of 
the fixation and size hypotheses. Further research should explore the 
extent to which methodological differences may mediate these effects.

Behavioural results
The fixation hypothesis

Observers rely on the eyes to identify faces.3,4,5,6 
!
The information required for face identification is 
collected very rapidly, within one or two fixations.7 
!
Hills8,9 and others10,11 argued that fixations to the 
upper half of inverted faces may exacerbate the FIE. 

The size hypothesis
Face size in visual angle varies across studies. 
!
Yang et al.12 recently suggested that the expert 
processes associated with upright face identification 
may be engaged only by large faces.

(28–48), efficiencies were around 1% or less and
increased rapidly with further increases in face size to
finally settle around more than double the initial
efficiency. The curve for inverted faces, on the other

hand, stayed relatively flat, with some suggestion of an
inverted-U-shaped pattern that peaked at 68 face size.
However, this effect was not significant, as indicated
by the lack of a main effect for size. One methodo-
logical shortcoming that may impact the interpreta-
tion of the differences between the upright and
inverted face conditions is that these were not
completed in a random order. In reviewing the
potential order effects that might contribute, we argue
that practice effects are unlikely, since inverted
efficiencies were significantly lower than those at the
upright condition despite the fact that the upright
condition was completed first. Since upright and
inverted sessions were completed on separate days,
fatigue effects are also unlikely to contribute to the
differences. Our main factor of interest, size, was
completed in a random order, and thus order effects
do not apply to the main effects of size. We cannot
rule out the theoretical possibility that order of
sessions might interact with the effects of size on
efficiency. This is possible, but it is a fairly compli-
cated hypothesis without a clear a priori reason as to
why such a specific outcome would occur. Therefore
we conclude that order effects do not provide a
convincing alternative explanation for the differential
effects of size across the two orientation conditions.

To examine the qualitative differences between the
upright and inverted face data, we also calculate a

Figure 3. Experimental results. Efficiencies for upright and inverted

faces are plotted as a function of face size. Group data were

geometric averages across eight subjects; error bars show 68%

bootstrap confidence intervals. Upright efficiencies were signifi-

cantly higher than inverted. There was a significant main effect for

face size in the upright condition but not in the inverted condition.

Figure 4. Relative efficiencies. To clarify qualitative effects of
face size on the upright and inverted conditions, we normalized
each efficiency curve to its corresponding minimum, thus
removing the main effect between the two and retaining the
relative changes in efficiency. The comparison between the two
curves shows no discernible differences between the effect of
face size on upright and inverted efficiencies up until 68 face
size. After this size boundary, upright efficiencies continue to
rise, whereas inverted efficiencies level off, marking a distinct
effect of face size on the two orientations.

Figure 5. Qualitative face inversion effect. To quantify the
distinct effect of face size on the upright and inverted
efficiencies, we computed a qualitative face inversion effect
(qFIE), defined as the ratio between the upright and inverted
relative efficiencies. The null value for a lack of a qualitative
inversion effect is a ratio of 1. Values above 1 signify the
existence of qualitative face inversion effects. The qFIE did not
differ significantly from 1 for sizes 18 to 68, while for larger faces
all qFIEs were significantly larger than 1 (all ps , 0.05) based on
95% bootstrap confidence intervals.

Journal of Vision (2014) 14(8):17, 1–12 Yang, Shafai, & Oruc 6

Key figures, adapted from Yang, Shafai & Oruc (2014), demonstrating the size hypothesis. !
Left: Relative to a CSF-limited ideal observer, upright faces were processed more efficiently than 
inverted faces if face width was larger than approximately 6º visual angle (ref. 10, figure 4). !
Right: Results of a literature review plotting the face width used in studies that did (left) or did not (right) 
find evidence of ‘qualitatively distinct specialized processing’ for upright faces (ref. 10, figure 6).

Figure 2A, adapted from Hills, Ross & Lewis 
(2011), demonstrating the fixation hypothesis. !
These observers completed an old-new 
recognition task. During the initial learning 
phase, the eyes or mouth were cued using a 
fixation cross prior to stimulus presentation.  !
Subsequent recognition accuracy was higher 
and the magnitude of the FIE lower when the 
eyes were cued, relative to the mouth.

Size Condition
Large Small

Methods
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Top: Time course of a single trial. Stimulus contrast has been 
increased for visibility. Representative fixation condition shown. !
Right: Demonstration of the fixation and orientation manipulations. 
Red fixation is included for representative purposes only. All fixation 
and orientation conditions were randomly intermixed and stimulus 
presentation limited to 150 ms to minimize saccades. Observers 
were instructed to fixate the centre of the display at all times.

Stimulus conditions: upright or inverted, cRMS = 0.03!
Stimulus size: 3.2º or 8.1º (viewing distance 60 cm) 
Fixation locations: centre, left eye, right eye, mouth

Measure: 6-AFC identification accuracy + ERPs!
Design: All factors varied within-subjects (n = 16)!
Duration: 60 trials/condition (960 total)

Top: Raw ERPs calculated using all trials, plotted with the grand average ERP for all conditions. 
Bottom left: A direct examination of the effect of fixation on the N170 inversion effect. Red shading along 
the X-axis indicates time windows in which there was a significant difference (p<0.05, within-subjects).!
Bottom right: A direct examination of the effect of size on the N170 inversion effect. The difference 
between small and large faces was not significant in any time window (p>0.05, within-subjects).
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