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Abstract

Faces convey distinct types of information: features and their spatial relations, which are differentially vulnerable to inversion. While
inversion largely disrupts the processing of vertical spatial relations (e.g. eyes’ height), its effect is moderate for horizontal relations (e.g.
interocular distance) and local feature properties. The SF ranges optimally transmitting horizontal and vertical face relations were here
investigated to further address their functional role in face perception. Participants matched upright and inverted pairs of faces that dif-
fered at the level of local featural properties, horizontal relations in vertical relations. Irrespective of SF, the inversion effect was larger
for vertical than horizontal and featural cues. Most interestingly, SF differentially influenced the processing of vertical, horizontal and
featural cues in upright faces. Vertical relations were optimally processed in intermediate SF, which are known to carry useful informa-
tion for face individuation. In contrast, horizontal relations were best conveyed by high SF, which are involved in the processing of local
face properties. These findings not only confirm that horizontal and vertical relations play distinct functional roles in face perception, but
they also further suggest a unique role of vertical relations in face individuation.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The question of how humans encode, store and recog-
nize hundreds of individuals based solely on facial informa-
tion has impelled decades of research in high-level vision
and is still being investigated (Farah, Wilson, Drain, &
Tanaka, 1998; Sinha, Balas, Ostrovsky, & Russell, 2006).
Each face conveys a multitude of information both at the
local level of its constituent features (eyes, nose, etc.) and
at the level of the spatial relations organizing such features

(e.g. the relative distance between nose and mouth, or
between eyes and nose, or between mouth and chin, etc.).

In 1969, Yin (1969) made the intriguing observation that
picture-plane inversion dramatically impairs face process-
ing skills. This inversion effect (IE) is larger for faces than
for most other visual stimuli (McKone, Kanwisher, &
Duchaine, 2007; see Reed, Stone, Bozova, & Tanaka,
2003). Consequently, inversion has been largely used as a
tool to disrupt face-specialized processes (e.g. Rhodes,
Peters, Lee, Morrone, & Burr, 2005). However, there is evi-
dence demonstrating that inversion does not affect all
aspects of face information equally. In upright faces,
humans are able to process both the features and their spa-
tial relations. But, once faces are inverted, human sensitiv-
ity declines more for spatial relations than for local feature
properties (Bartlett & Searcy, 1993; Freire, Lee, & Symons,
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2000; Leder & Bruce, 2000). These findings indicate that
features and their spatial relations are dissociable cues for
face perception. Some authors have also suggested that
face individuation skills for upright faces rely on the pro-
cessing of spatial relations (e.g. Maurer, Grand, & Mond-
loch, 2002).

Multiple spatial relations define each individual face
(Farkas, 1994; Shi, Samal, & Marx, 2006). In most face
perception studies, it is implicitly assumed that all these
spatial relations equally contribute to face perception
and, hence, are equally affected by inversion. However,
our recent investigations contradict this view (Goffaux &
Rossion, 2007). We showed that when faces were
inverted, sensitivity to vertical spatial relations decreased
(for example, eyes or mouth height; see also Barton, Kee-
nan, & Bass, 2001), whereas the perception of horizontal
relations and local feature properties remains comparably
accurate. This finding could not be attributed to differen-
tial difficulty with regard to processing vertical as opposed
to horizontal spatial relations as matching performance
across these conditions was equivalent for upright faces.
Furthermore, the dissociable effects of inversion could
not be accounted for by the fact that inversion and verti-
cal relational manipulation both alter vertical face organi-
zation. The largest detriments were indeed invariably
observed for vertical relations at other rotation angles
(Goffaux & Rossion, 2007, experiment 3).

These findings helped resolving empirical discrepancies
across past studies on face inversion, which confounded
horizontal and vertical relational manipulation (e.g. Rie-
senhuber, Jarudi, Gilad, & Sinha, 2004; Yovel & Kanwish-
er, 2004) and highlighted crucial dimensions of face
information. The differential vulnerability of vertical and
horizontal relations to inversion reflects their distinct func-
tional contribution to face perception. Nevertheless, the
reasons of the selective vertical IE remain to be clarified.

As inversion is accompanied by substantially inferior
face identification than observable for upright faces, the
large IE observed for vertical relations suggests their pre-
dominant role for upright face processing skills. In con-
trast, the weak IE observed for horizontal relations
suggests that these are processed at a local scale and do
not contribute to the efficient upright individuation skills.
However, it is not clear how vertical relations contribute
to upright face perception. On the one hand, since faces
are vertically elongated shapes, feature integration in
upright faces may crucially rely on vertical relations. On
the other hand, the vertical IE may indicate a more funda-
mental role of vertical relations in face processing. The face
processing system may be tuned to process vertical rela-
tions because these could be the most useful/discriminative
when individuating faces.

It was the aim of the present experiment to further
explore the respective contribution of vertical and hori-
zontal relations in face perception. We addressed whether
the processing of these two types of cues rely on different
input spatial frequencies (SF). The extraction of SF is a

primary step in early vision (see De Valois & De Valois,
1988; Sowden & Schyns, 2006 for a recent review). Inter-
estingly, the high-level processing of faces is also largely
influenced by input SF. This SF reliance is thought to
be larger for faces than for other visual categories (Bieder-
man & Kalocsai, 1997; Boutet, Collin, & Faubert, 2003;
Collin, Liu, Troje, McMullen, & Chaudhuri, 2004; Liu,
Collin, Rainville, & Chaudhuri, 2000). Various aspects
of face information have indeed been found to map onto
distinct SF ranges. For example, judging the gender of a
face relies on lower SF than judging its emotional expres-
sivity (e.g. Schyns, Bonnar, & Gosselin, 2002). In con-
trast, a 2-octave-wide range of SF situated between 8
and 16 cpf is known to convey inter-individual face differ-
ences most efficiently. Intermediate spatial frequency (ISF;
ca. 12cpf, e.g. Näsänen, 1999) input thus optimally pro-
motes recognition of familiar faces. In contrast, low spa-
tial frequencies (LSF, below 8 cycles per face or cpf)
contain much poorer information and govern the fast
integration of face features into a united representation
(Goffaux, Hault, Michel, Vuong, & Rossion, 2005; Goff-
aux & Rossion, 2006; see Sergent, 1986). Lastly, high spa-
tial frequency (HSF, above 32 cpf) information transmits
the local details of face features.

In the present paper, we took advantage of the fact that
various SF subserve different goals in face perception by
identifying which SF ranges optimally convey vertical
and horizontal relational information. As the differential
IE observed for horizontal and vertical relations indicates
their dissociable contribution to face perception, it is plau-
sible that these cues are represented by different SF ranges.
Defining these ranges will in turn clarify their role in face
perception.

Participants discriminated upright and inverted pairs
of faces that varied either at the level of a given local
feature (eye shape and surface), or with respect to verti-
cal or horizontal relations (eyes positioned higher/lower
or closer/further apart, respectively). Stimuli were filtered
to exclusively preserve LSF, ISF or HSF. We used two
measures to probe featural, horizontal and vertical pro-
cesses across SF: upright performance and IE magnitude
(upright minus inverted performance). For upright faces,
we expected horizontal and vertical processing to rely on
different SF ranges. Our hypothesis was that if vertical
relations are more significant than horizontal relations
to individuate upright faces, they should be best con-
veyed by ISF. Alternatively, vertical relations may be
more crucial for upright faces than horizontal ones sim-
ply because features are integrated more intensely along
than across the vertical elongation axis. In this case, they
should be best processed in LSF. In contrast, since hor-
izontal and featural cues are spared by inversion, we
expected them to be processed locally and to rely on
higher SF than vertical relations. Moreover, by selec-
tively targeting vertical relations, we expected to observe
larger IE in the SF ranges best conveying vertical rela-
tions for upright faces.
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2. Materials and procedure

2.1. Subjects

Eighteen right-handed undergraduate students (faculty
of psychology, UCL, Belgium) gained course credits for
their participation (age range: 19–23 years old, 3 males).
All had normal or corrected-to-normal vision.

2.2. Stimuli

Face stimuli were identical to those of our recent
study (Goffaux & Rossion, 2007). Twenty full-front grey-
scale pictures of faces (half males; neutral expression;
190 � 250 pixel size) were modified in different ways.
For the featural condition, the eyes of a given face were
replaced by those of another. In the vertical condition,
the eyes were elevated/lowered by 15 pixels. In the hor-
izontal condition, each eye was moved closer to or fur-
ther from the nose by 15 pixels. The 15 pixel
differences in eye position subtended 0.45� of visual
angle. Both the eyes and eyebrows were displaced in ver-
tical and horizontal conditions in the face to avoid dis-
torting local eye–eyebrow relationships, on which
subjects may rely to accomplish the task. Nose–mouth
stimuli, in which nose and mouth were exchanged with
those of another face, were included as catch trials and
were not further analyzed.

Featural, vertical, and horizontal changes applied
here are probably not equivalently representative of
the natural variations among human faces (see discus-
sion). However, these stimulus manipulations were cali-
brated to obtain equal task difficulty across upright
full spectrum (i.e., unfiltered) conditions (Goffaux &
Rossion, 2007).

To explore horizontal and vertical processing across
SF, we filtered face stimuli to retain only the low, inter-
mediate or highest SF (using the same procedure as in
Goffaux & Rossion, 2006). Faces were pasted onto a
256 � 256 pixels grey background. They were then Fou-
rier transformed and multiplied with 2-octave-wide
band-pass filters. Cutoff values were 2–8, 8–32 and 32–
128 cpf to preserve LSF, ISF and HSF, respectively. After
filtering and inverse Fourier transform, all stimuli received
the same global luminance and contrast values, so that
behavioral differences across spatial scales could not be
attributed to luminance or contrast consequences of SF
filtering (see Fig. 1). The same grey frame was then pasted
on LSF, ISF and HSF images so that each face stimulus
covered the same surface across SF ranges. To obtain
inverted stimuli, filtered faces were flipped vertically.
Stimulus size was reduced to 170 � 224 pixels for display
reasons.

Subjects were seated in a quiet and dark room in front of
a PC monitor (17-in.; 75 Hz refresh rate; 1024 � 768 pixel
resolution). Stimuli subtended approximately 5.5� � 7.5�
of visual angle.

2.3. Procedure

Faces were presented in pairs, one by one. A trial started
with a fixation cross which remained for 300 ms followed
by a 200 ms blank. The first face was presented for
900 ms, followed by a 600 ms blank. Presentation of the
second face was terminated by subjects’ responses or after
3000 ms. Consecutive trials were separated by a fixed
900 ms blank. To avoid retinal persistence and purely local
comparison strategies, the first face was randomly jittered
(by 30 pixels) around the screen center; the second face
was always centered. Subjects performed a matching task
and had to press different keys depending on whether faces
constituting each pair were identical or different (half of the
trials). They were informed that the face differences were
subtle but were naı̈ve as to their exact nature. Featural, ver-
tical and horizontal pairs were randomly presented in LSF,
ISF and HSF throughout the experiment. In contrast, face
orientation was blocked: subjects either started with
upright (n = 8) or inverted pairs (n = 10). Our previous
investigations showed that vertical IE replicates irrespec-
tive of whether the orientation is varied at random or in
separate blocks.

Since the task was relatively challenging, subjects were
trained with a subset of face pairs (5 pairs per condition)
prior to the experiment. They had 70 practice trials inter-
spersed with frequent feedback on performance accuracy.
During the experiment, subjects were presented with the
remaining face pairs (15 pairs per condition in upright
and inverted orientation). Feedback was also provided dur-
ing the experiment though less frequently (every 60 trials).
We tested 24 experimental conditions in total: Orientation
(Upright, Inverted), SF (LSF, ISF, HSF) and Stimulus
(Featural, Vertical, Horizontal, Catch). There were 30 tri-
als per condition, resulting in a total of 720 experimental
trials.

2.4. Data and statistical analyses

Trials exceeding the mean RT by more than four stan-
dard deviations were excluded (a maximum of 7 trials max-
imum were excluded per subject). Based on hit and false
alarm rates, for each subject we computed d0 sensitivity
indices for each experimental condition (based on Stani-
slaw & Todorov, 1999). D0, accuracy and correct response
times (RT) were analyzed using a three-way repeated-mea-
sure ANOVA with Orientation (Upright, Inverted), SF
(LSF, ISF, HSF) and Stimulus (Featural, Vertical, Hori-
zontal) as within-subject factors. Whenever Stimulus signif-
icantly interacted both with Orientation and SF (see
below), we ran two-way repeated-measure ANOVAs sepa-
rately for each stimulus condition. To compare the IE
across stimulus and SF conditions, we computed d0, accu-
racy and RT difference between upright and inverted con-
ditions in each subject and each condition separately.
These IE magnitude values were also submitted to a
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two-way ANOVA with Stimulus and SF as within-subject
factors.

Tukey HSD tests were used to compare conditions rela-
tive to each other. To compare featural, horizontal and ver-
tical conditions in the upright orientation, we considered
Tukey HSD from the three-way ANOVA. In all other
cases, we report Tukey HSD from two-way ANOVAs.

The analyses of accuracy and correct RT are reported in
the Appendix. Accuracy analyses largely confirmed d0 find-
ings. As for correct RT, they were less sensitive to our
experimental manipulations than d0 and accuracy as indi-
cated by the lack of interactions observed for this measure.
The fact that stimuli remained until subject’s response and
that feedback stressed accuracy all along the experiment
likely accounts for this.

2.5. Results

The three-way ANOVA of d0 revealed significant main
effects of Orientation (F(1,17) = 54.25, p < .0001) and
Stimulus (F(2, 34) = 35.18, p < .0001). These factors signif-
icantly interacted (Orientation � Stimulus: F(2, 17) =
14.31, p < .0001). SF also significantly affected sensitivity
(F(2,34) = 7.71, p < .002) but its influence depended on
Stimulus type as indicated by the significant SF � Stimulus
interaction (F(4,68) = 8.13, p < .0001).

Using post-hoc comparisons, we first addressed whether
the upright processing of vertical, horizontal and featural
variations was influenced by SF. Upright featural process-
ing was not influenced by SF (ps > .2). In contrast, sensitiv-
ity to vertical relations presented at upright was

Fig. 1. This figure illustrates the stimuli and findings of the study. On the left panel, the face of one individual has been manipulated at the level of eyes
local feature properties, horizontal relations or vertical relations. These manipulations are displayed in LSF, ISF and HSF. The right panel depicts the
average matching performance, in d0, in every experimental condition (n = 18; bars indicate standard errors of the means, SEM).
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significantly better in ISF than in HSF and marginally bet-
ter in ISF than in LSF (ISF versus LSF: p = .08; ISF versus
HSF: p < .004). Sensitivity to upright horizontal relations
was higher in HSF than in LSF (p < .003). When compar-
ing upright stimulus conditions across SF, we found that
horizontal processing was more efficient than featural pro-
cessing, irrespective of SF (ps > .04). But it surpassed ver-
tical performance only in HSF (p < .0002, in other SF
ranges: ps > .75).

Sensitivity tended to decline with inversion independent
of condition. Nonetheless, the ANOVA computed sepa-
rately for each stimulus condition revealed significant main
effects of Orientation for vertical and horizontal relations
only (vertical: F(1,17) = 47.71, p < .0001; horizontal:
F(1, 17) = 9.84, p < .006; featural: F(1, 17) = 2.83, p = .1).
The magnitude of horizontal and vertical IE was stable
across SF (no difference of IE magnitude across SF:
ps > .1). Vertical IE was however larger than horizontal
IE, irrespective of SF (ps < .033).

3. Discussion

Goffaux and Rossion (2007) recently showed that face
IE largely stems from the impaired processing of vertical
relations, whereas the processing of horizontal relations
and local feature properties is merely moderately affected
by face orientation. These findings suggest that horizontal
and vertical relations play different functional roles in face
perception. The present experiment aimed at further
exploring the functional contribution of horizontal and
vertical relations to face perception by addressing the SF
ranges optimally conveying horizontal and vertical rela-
tional cues.

Our rationale was that if vertical and horizontal rela-
tions represent functionally different cues, they should be
conveyed by different SF ranges, as the latter carry func-
tionally dissociable cues for the face processing system.
According to our expectations, the results show that verti-
cal and horizontal relations are processed most efficiently
in different SF ranges. In upright faces, vertical relations
were best conveyed by ISF. This is of particular interest
since previous evidence has demonstrated that ISF gather
the most optimal information to individuate and recognize
faces (e.g. Näsänen, 1999). The fact that subjects’ perfor-
mance for extraction of vertical relations was the highest
in ISF suggests that these are among the most diagnostic
cues to discriminate upright faces. The upright processing
of horizontal relations relied on a clearly different SF range
than vertical relational processing, i.e. HSF, which are con-
sidered optimal for the processing of local properties (Goff-
aux & Rossion, 2006; Goffaux et al., 2005). In contrast, the
sensitivity to local feature variations was stable across SF.
This was surprising since varying a feature is generally
thought to induce local processing strategies, which them-
selves rely on HSF (Goffaux & Rossion, 2006; Goffaux
et al., 2005). However, the perception of a local feature is
also robustly influenced by its spatial relations with other

features (e.g. the whole-part advantage or composite illu-
sion; Tanaka & Farah, 1993; Young, Hellawell, & Hay,
1987). It is thus likely that the present featural variations
were not processed in a strictly local way and were repre-
sented in a larger SF range than HSF. More generally, this
shows the ambiguity of featural variations in face percep-
tion studies: depending on the paradigm, they are used to
index featural or relational processing.

Previous investigations had addressed the processing of
facial features and relations across SF. Boutet and col-
leagues (2003) reported an ISF advantage for the process-
ing of both relational and featural cues. However, several
methodological aspects distinguish their study from the
present one, thus preventing direct comparison. In their
experiment, all inner features were manipulated (eyes, nose
and mouth). Moreover, the SF ranges studied largely dif-
fered from those explored in the present study and perfor-
mance was generally poor in LSF and HSF conditions. In a
previous paper, we also addressed how featural and rela-
tional processes are rooted in LSF and HSF ranges of face
information (Goffaux et al., 2005). We reported an LSF
advantage for processing relations and an HSF advantage
for processing local features. However, horizontal and ver-
tical manipulations were then confounded. Most impor-
tantly, this previous work did not investigate inversion
effects and ISF range.

Our interest was not only to investigate the SF ranges
conveying horizontal and vertical relations in upright faces,
but also to study how the (vertical) IE would vary across
SF. The present results replicate the disproportionate IE
for the discrimination of vertical relations. Our results con-
firm previous evidence that the face IE is SF-independent
(Boutet et al., 2003; Collin et al., 2004). Hence, the effect
of inversion on vertical relations was also independent of
input SF. This suggests that inversion alters observer-
dependent variables, the involvement of which does not
exclusively depend on input SF. More generally, these
results indicate the many facets of the relational processes
engaged for faces (cf. Maurer et al., 2002).

The robust IE for vertical relations indicated that these
could be most diagnostic to discriminate faces; the present
study on face input properties provides firmer evidence. It
thus may appear paradoxical that we fail to observe higher
sensitivity for vertical than horizontal relations in upright
faces. However, this was expected since the stimulus
manipulations investigated here were calibrated to yield
equally good performance levels in the upright orientation
(based on Goffaux & Rossion, 2007). It has to be acknowl-
edged that the resulting relational manipulations largely
surpassed the natural variability in feature position across
individual faces. Some authors (Gosselin, Fortin, Michel,
Schyns, & Rossion, 2007; Shi et al., 2006) recently mea-
sured the natural variations in feature position and feature
distances in large sets of face pictures. Shi et al. (2006)
report some variability in feature position across individu-
als, whereas it is reported to be very weak by Gosselin et al.
(2007). Horizontal manipulations were even more extreme
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since interocular distance was varied by a double pixel
interocular distance was varied twice as much as eye height.
However, it is unlikely that the large horizontal changes
account for the weak inversion effect observed. Leder, Can-
drian, Huber, and Bruce (2001) investigated the processing
of various ranges of interocular distance. These were subtle
(ranging from 0.11� to 0.342� of visual angle) compared to
ours (each eye displaced by 0.45� of visual angle making an
interocular distance change of 0.90�). Since task perfor-
mance was not influenced by the presence/absence of other
features, the authors concluded that interocular distance is
processed locally. Moreover, the IE was not found to sys-
tematically vary as a function of interocular distance differ-
ences. Despite not having compared the processing of
horizontal to that of vertical relations as here, Leder
et al.’s (2001) evidence shows that horizontal relations are
processed locally even when they are much more subtle
than in our investigation.

Why would vertical relations play a more significant role
than horizontal ones in face individuation? The ISF advan-
tage for processing vertical relations in upright faces sug-
gests that these are more diagnostic to discriminate
individual faces than horizontal relations. As a matter of
fact, Gosselin et al.’s (2007) measurements tend to indicate
that most of the inter-individual variability in feature posi-
tion occurs along the vertical axis. Another aspect in favor
of the vertical information’s high diagnosticity is that its
extraction is possible under almost all viewpoints (front,
3/4, even profile). In contrast, the information stemming
from horizontal relations and features decays much more
rapidly when a face moves from front to profile view and
is thus mostly available under frontal views. Plausibly,
the visual system could be tuned to the vertical relations
as this information is most reliably depicted under varying
conditions in everyday life.

Horizontal relations are informative on other crucial
aspects than face identity such as face symmetry, which
has evolutionary significance (for example in mate choice;
Rhodes et al., 2001). Rhodes and colleagues (2005) recently
studied the influence of SF filtering and inversion on the
detection of face symmetry. In agreement with the weak
IE we observed for horizontal relations, inversion only
weakly affected performance in face symmetry detection.
In contrast to the present results, though, symmetry detec-
tion was not better in HSF than in other SF ranges. How-
ever, the HSF ranges explored by Rhodes et al. (2005) were
much higher than in the present study and consequently
contained less energy. This may have attenuated a potential
HSF advantage in Rhodes et al.’s (2005) study.

In summary, we present evidence that horizontal and
vertical face cues carry dissociable aspects of face informa-
tion. Vertical relations are part of the most significant cues
used to individuate faces as indicated by their larger reli-
ance on ISF ranges. This is clearly different from horizontal
relations, which are best transmitted by HSF and are thus
likely processed at a local level. We confirm that face inver-
sion disrupts vertical relations to a much greater extent T
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than features and horizontal relations. We also confirm
previous evidence showing that the face IE is SF-indepen-
dent, even when vertical relations are selectively targeted.
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Appendix

Accuracy

Mean accuracy and correct RT are presented in Table 1 for
each condition separately. The three-way ANOVA confirmed
the observations made on d0 as it again revealed significant
effects of Orientation (F(1,17) = 84.44, p < .001, Stimulus
(F(2,34) = 30.97, p < .0001) and SF (F(2,34) = 6.08,
p < .006). As indicated by significant interactions between
Stimulus and SF (F(4,68) = 7.90, p < .0001) as well as
between Stimulus and Orientation (F(2,34) = 22.03,
p < .001), differences across stimulus types were mainly due
to their differential vulnerability to inversion and SF filtering.

At upright orientation, the accuracy in processing fea-
tural, vertical and horizontal variations was differentially
influenced by SF input content. In featural condition,
upright accuracy was better in ISF than in LSF (p < .01)
and HSF (p < .02) and it was stable across the latter SF
ranges (p = .8). In upright horizontal condition, accuracy
was higher in HSF than in LSF (p < .004). In vertical con-
dition, it was marginally better in ISF than in HSF
(p = .06). The direct comparison of upright stimulus condi-
tions across SF revealed significantly higher accuracy in
horizontal than in vertical condition only in HSF
(p < .001; ISF: p = .69; LSF: p = .89). Accuracy in horizon-
tal condition also surpassed featural performance, but in
all SF ranges (ps < .032).

Inversion significantly affected accuracy in each Stimu-
lus conditions (main effect of Orientation in featural condi-
tion: F(1,17) = 5,16, p < .036; horizontal condition:
F(1, 17) = 9.44, p < .007); vertical condition: F(1, 17) =
60.96, p < .0001). However, as indicated by the significant
Stimulus � Orientation, IE magnitude was significantly
larger in vertical than other stimulus conditions irrespective
of SF (ps < .002).

Correct. RT

The three-way ANOVA on correct RT only revealed
significant main effects. Orientation significantly affected
correct RT (F(1, 17) = 15.21, p < .001) as subjects were
slower to match inverted than upright faces. The main
effect of Stimulus was also significant (F(2, 34) = 9.29,
p < .001). The processing of horizontal variations was fas-
ter than both vertical and featural variations (ps < .003)
whereas these latter conditions led to similar RT (p = .95).

SF also significantly affected processing speed, irrespec-
tive of Stimulus and Orientation conditions
(F(2,34) = 9.85, p < .0001). LSF input slightly but consis-
tently delayed matching performance with respect to ISF
and HSF (ps < .003) whereas ISF and HSF conditions
were resolved at similar speed (p = .91). In contrast to
accuracy and d0, there were no significant interactions for
RT (ps > .09). However, to exclude that the differential
effects of inversion on vertical and horizontal performance
on both accuracy and sensitivity are due to ceiling perfor-
mance in horizontal condition, we explored whether RT
also show a trend for larger inversion effects in vertical rela-
tions. The ANOVA computed on IE RT magnitude did not
yield any significant result (ps > .16). Still, we found robust
inversion effects in each SF ranges for vertical condition
(LSF: p < .02; ISF: p < .0002; HSF: p = .051) whereas it
slowed down the processing of horizontal variations only
in ISF (p < .05). This indirectly confirms that d0 and accu-
racy evidence that inversion disrupts the processing of ver-
tical relations to a larger extent than horizontal relations.
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