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A B S T R A C T   

The face inversion effect (FIE) refers to the observation that presenting stimuli upside-down impairs the pro-
cessing of faces disproportionally more than other mono-oriented objects. This has been taken as evidence that 
processing of faces and objects differ qualitatively. However, nearly all FIE studies are based on comparing 
individuation of upright faces, which most people are rather good at, with individuation of objects most people 
are much less familiar with individuating (e.g., radios and airplanes). Consequently, the FIE may mainly reflect 
differences between categories in how they are processed prior to inversion, with within-category discrimination 
of upright faces being a much more familiar task than within-category discrimination among members belonging 
to other object classes. We tested this hypothesis by comparing inversion effects for faces and objects using object 
recognition tasks that do not require within-category discrimination (object decision and old/new recognition 
memory tasks). In all tasks (seven with objects and two with faces) we find credible inversion effects, but in no 
instance were these effects significantly larger for faces than for objects. This suggests that the FIE can be a 
product of familiarity with the type of identification process required in the upright conditions rather than some 
process that is selectively affected for faces when stimuli are inverted.   

1. Introduction 

The face inversion effect (FIE) refers to the observation that pre-
senting stimuli upside down impairs the processing of faces dispropor-
tionally more than such inversion impairs the processing of other mono- 
oriented objects (Yin, 1969). In a review by Robbins and McKone (2007) 
it was found that inversion effects (accuracy upright – accuracy inver-
ted) for faces were typically around 15–25% compared with 0–8% for 
objects. Even though the cause of the FIE is debated (Civile, McLaren, & 
McLaren, 2016; Murphy, Gray, & Cook, 2020; Tanaka & Gordon, 2011), 
the effect is deemed significant for several reasons: It has been used as a 
measure of expertise (Albonico, Furubacke, Barton, & Oruc, 2018); as a 
specific measure of configural processing (Diamond & Carey, 1986); as a 
useful way to control for low-level properties of face images (Balas, van 
Lamsweerde, Auen, & Saville, 2017); and perhaps most importantly as 
constituting some of the core evidence supporting the notion that face 
processing differs qualitatively from processing of other classes of ob-
jects (McKone & Robbins, 2011; Yovel, 2016). Likewise, the face 
inversion effect has also been investigated in several (sub)disciplines 

including developmental psychology, cognitive psychology, neuropsy-
chology, experimental psychology, comparative psychology and 
neuroscience (Cashon & Holt, 2015; Griffin, 2020; James, Arcurio, & 
Gold, 2013; Klargaard, Starrfelt, & Gerlach, 2018; Leder, Goller, Forster, 
Schlageter, & Paul, 2017; Rhodes, Brake, & Atkinson, 1993). Moreover, 
of the three paradigms that are regarded as standard measures of holistic 
face processing – the face inversion paradigm, the part-whole paradigm 
(Tanaka & Farah, 1993), and the face composite paradigm (Young, 
Hellawell, & Hay, 1987) – the effect captured by the face inversion 
paradigm has been found to be the best predictor of face perception 
performance (Rezlescu, Susilo, Wilmer, & Caramazza, 2017). 

Even though significant effects of inversion on face processing has 
been found in numerous studies following the initial report by Yin 
(1969), many studies have not used a control category involving non- 
face objects (for a review see Bruyer (2011)). This aspect is important 
because there is no way to determine whether the effect of inversion is 
disproportionate for faces, i.e. a FIE, unless faces are compared with a 
contrast category. Considering the studies that have compared faces and 
objects, the majority of contrasts have involved within-category 
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discrimination of items belonging to a specific contrast category, e.g., 
discrimination between different cars, houses, shoes, radios, to mention 
some examples (Aguirre, Singh, & D'Esposito, 1999; Boutet & Faubert, 
2006; de Gelder, Bachoud-Levi, & Degos, 1998; Williams & Henderson, 
2007; Yarmey, 1971). Indeed, we are only aware of a single study that 
did not require within-category discrimination and where the object 
contrast involved several different types of objects (Epstein, Higgins, 
Parker, Aguirre, & Cooperman, 2006). This study, however, measured 
inversion effects in a sequential (one-back) matching task that may not 
require object recognition (matching could be based on superficial 
characteristics such as luminance or aspect-ratio). 

Considering the large number of studies that have studied FIEs it is 
somewhat surprising that face and object performance has rarely been 
examined using object tasks other than within-category discrimination. 
One obvious reason for this is of course that it makes sense to keep the 
task format as similar as possible when performance with two different 
categories is compared, so that potential category differences cannot be 
attributed to task differences per se. Importantly, however, keeping task 
demands constant introduces another imbalance: While most people 
have life-long experience with individuating faces, and practice this 
ability daily, comparably fewer people have similar experience with 
individuation of items from other categories such as radios or cars; even 
items they are quite familiar with. As an example, even though most 
people are capable of finding their car in the parking lot, many will 
struggle to identify it if they cannot remember exactly where they 
parked it and/or if there are many other cars with similar color and size 
present at the lot. This imbalance may not be trivial. If people for some 
reason perform better with category A than category B at baseline, but 
more equally with the two categories following a manipulation such as 
inversion, that makes performance with both categories A and B less 
familiar, the performance decline will be larger for category A than B 
following the manipulation. If so, the FIE may mainly reflect that per-
formance with the two categories differed to begin with in the upright 
orientation. Support for this notion comes from a study by Rezlescu, 
Chapman, Susilo, and Caramazza (2016). They examined the effect of 
inversion for both detection and within-category recognition of faces 
and cars, but in contrast to other FIE studies they used pilot testing to 
ensure that performance was comparable for faces and cars in the up-
right conditions. In their high-powered study (N = 120) large inversion 
effects were found for both categories (all d's > 2), and importantly the 
magnitude of these effects was quite similar across categories. 

The suggestion that inversion effects can be at least partly ascribed to 
processing differences between categories that exist prior to inversion is 
also compatible with the expertise account of the face inversion effect 
(Diamond & Carey, 1986; Gauthier, Skudlarski, Gore, & Anderson, 
2000; Gauthier & Tarr, 1997) in so far as expertise brings performance 
with the contrast object category more on par with face performance in 
the upright condition, thus reducing or eliminating the FIE. According to 
the expertise account, inversion is detrimental to recognition of stimuli 
from categories whose members: (i) are homogenous (sharing similar 
features in the same configuration), (ii) are to be differentiated at a 
subordinate/exemplar level, and (iii) we are experienced (experts) in 
individuating. On this account, inversion effects are not specific to faces 
but will emerge for other categories satisfying the three criteria 
mentioned above. While not all studies report a decline in performance 
with ‘expert’ categories following inversion which is similar in magni-
tude to that seen with faces (e.g., Bruyer & Crispeels, 1992; Busey & 
Vanderkolk, 2005; Chin, Evans, Wolfe, Bowen, & Tanaka, 2018; 
Gauthier et al., 2000), some studies do report such effects (e.g, Ash-
worth, Vuong, Rossion, & Tarr, 2008; Campbell & Tanaka, 2018). One 
reason why many studies have failed to show similar inversion effects 
for faces and expert categories is probably that experience with faces 
exceeds that obtained with other categories and even ‘expert’ categories 
(Gauthier et al., 2000; Rossion & Curran, 2010). In spite of this, it seems 
clear that expertise with the comparison category reduces the FIE and 
that the level of expertise is directly related to the magnitude of the FIE 

(Rossion & Curran, 2010). 
If the relatively small inversion effects found with objects relative to 

faces are partly caused by objects being tested in conditions requiring an 
unfamiliar type of identification process in the upright condition 
(within-category discrimination), is it possible to find sizable inversion 
effects for objects if object processing is examined in tasks that require a 
more familiar type of identification process than within-category 
discrimination? And if so, will this increase in inversion effects for ob-
jects be on a level that will reduce or abolish the FIE that is typically 
reported in studies comparing inversion effects for faces and objects? 

To address these questions, we had participants complete object 
decision tasks in which they were to decide whether stimuli represent 
real objects or non-objects. These tasks resemble common (familiar) 
object recognition in two important ways: (i) they engage perceptual 
differentiation at the level of category membership (e.g., dog or house) 
but not within-category discrimination (e.g., poodle or bulldog), and (ii) 
successful recognition is based on a match between an object not known 
in advance and representations stored in visual long-term memory 
(VLTM). This stands in contrast to the within-category discrimination 
paradigms used in typical FIE studies where the target categories are 
always known to the participants (it is either faces and some other 
particular object category). 

If it is possible to find inversion effects for objects which are com-
parable to those obtained with faces under such more familiar identifi-
cation conditions, it will provide an important qualification of the 
expertise account: It will suggest that familiarity – which is clearly 
related to expertise – is sufficient to drive inversion effects for objects 
and that objects need not come from a homogeneous category or be 
recognized at the subordinate/exemplar level in order to yield inversion 
effects. 

By using object decision tasks, we also had the opportunity to 
examine whether potential inversion effects are modulated by the de-
gree of perceptual differentiation required; that is the amount of infor-
mation that needs to be sampled from the stimulus in order to reach the 
recognition criterion. Evidence supporting a relationship between 
perceptual differentiation and object orientation have been reported by 
Dickerson and Humphreys (1999) and Hamm and McMullen (1998) 
who found greater effects of rotation on tasks placing high compared 
with low demands on perceptual differentiation (for a null finding see 
Lloyd-Jones and Luckhurst (2002)). Such an effect will clearly be in 
keeping with the expertise account, which assumes that inversion effects 
with objects are to be found when objects have to be differentiated at the 
subordinate/exemplar level. 

As a last objective, we also wanted to examine whether potential 
inversion effects were modulated by the visual similarity of the objects 
to be recognized. Murray (1998) and Lawson and Jolicoeur (1998) for 
example have reported greater effects of rotation for visually similar 
objects (for a null finding see Dickerson and Humphreys (1999)). A role 
of visual similarity is also suggested by the expertise account in that 
inversion effects for the expert category are linked to its members being 
homogeneous (Diamond & Carey, 1986; Gauthier & Tarr, 1997). 

A total of three experiments were conducted to examine inversion 
effects for faces and objects to address the objectives presented above. 

2. Experiment 1 

To use a face inversion paradigm that resembled the object decision 
tasks at least to some extent, we used an old/new face recognition 
memory task where the participants were presented with a series of 
target faces (old items) which were later presented together with dis-
tractors (new items). Participants were then asked to decide whether 
they were viewing an ‘old’ or ‘new’ face. This paradigm, which has 
previously yielded significant inversion effects (Valentine & Bruce, 
1986), is similar to the object decision tasks in that real objects can be 
considered ‘old’ whereas nonobjects can be considered ‘new’. Hence, 
both tasks can be considered recognition memory tasks although the 
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old/new memory task clearly involves an episodic element as well. 
To investigate effects of degree of perceptual differentiation, we 

manipulated task difficulty, so the object decision tasks were either hard 
(difficult object decision) or comparably more easy (easy object deci-
sion). This was achieved by altering the type of nonobjects used. In the 
easy tasks, the nonobjects were novel, that is, completely unknown to 
the participants. In the difficult tasks, the nonobjects were partly 
familiar because they were chimeric nonobjects composed by 
exchanging single parts belonging to different real objects. As shown in 
previous studies, it is harder to reject chimeric nonobjects as being real 
objects than to reject novel nonobjects as being real objects (Gerlach, 
2001; Gerlach, Law, Gade, & Paulson, 1999; Gerlach & Toft, 2011). This 
effect of task difficulty, however, is not confined to nonobjects but also 
affects the processing of the real objects presented: It is harder to accept 
a real object as a real object when it is presented in the context of 
chimeric nonobjects than when it is presented in the context of novel 
nonobjects. The reason for this is likely to be the following: Given that 
the nonobjects in the easy tasks are novel it might be sufficient to 
identify just a few recognizable parts of an object to judge it as a real 
object (low demand on perceptual differentiation). This strategy will not 
suffice in the difficult tasks because the nonobjects are composed of 
parts of real objects. Accordingly, in the difficult tasks it might be 
necessary to keep on processing until a particular representation in 
VLTM wins the competition and a complete match is found (high de-
mand on perceptual differentiation). Otherwise, one would risk judging 
a nonobject as a real object. 

Finally, to investigate effects of structural similarity we contrasted 
processing of a group of structurally similar (SS) objects (natural ob-
jects) with a group of more structurally distinct (SD) objects (artefacts). 

2.1. Object decision 

2.1.1. Method 

2.1.1.1. Participants. A total of 24 individuals participated (mean age 
24, range 19–34 years, 12 females). All participants in this and the 
following experiments provided written informed consent according to 
the Helsinki declaration. 

2.1.1.2. Design. Each participant performed the two different versions 
of the object decision tasks: the easy version with novel nonobjects and 
the difficult version with chimeric nonobjects. The real objects in the 
two versions were identical and had the same orientation. Half were 
presented in their canonical view and half were inverted. To ensure that 
potential effects of inversion were not limited to a specific set of objects, 
orientation was counterbalanced so that the objects (both real objects 
and nonobjects) were presented equally often in upright view as in 
inverted view across participants. In each task the participants were 
instructed to press the ‘real object’-key (index finger) if the picture 
represented a real object and the ‘nonobject’-key (middle finger) if it 
represented a nonobject. Participants were encouraged to respond as 
fast and as accurately as possible, and they were informed that some of 
the objects would be presented in normal orientation and some of them 
in inverted orientation. Prior to each task the participants performed a 
practice version of the upcoming task comprising a total of 16 trials. 
Stimuli used in these practice versions were not used in the actual 
experimental conditions. 

2.1.1.3. Stimuli. 128 pictures were presented in each task: 64 real ob-
jects and 64 nonobjects. The line-drawings of real objects were taken 
from the set of Snodgrass and Vanderwart (1980) and consisted of 32 
natural objects and 32 artefacts which were highly mono-oriented (see 
Appendix A). Based on the norms provided by Snodgrass and Vander-
wart these two sets of real objects were matched with respect to famil-
iarity and visual complexity, so that they did not differ significantly 

along these dimensions (Mann-Whitney, p > .1). However, the two sets 
of objects differed significantly in structural similarity with natural 
objects being more structurally similar than artefacts (Mann-Whitney, p 
< .001). Structural similarity was indexed as the amount of contour 
overlap among objects belonging to the same category (for details on 
this measure see Humphreys, Riddoch, and Quinlan (1988)), and this 
measure was available for 29 (91%) of the artefacts and for 30 (94%) of 
the natural objects used here. The 64 line drawings of novel nonobjects 
used in the easy object decision task were taken from the set of Kroll and 
Potter (1984). These nonobjects are line-drawings of closed figures with 
an object-like appearance. They were created by tracing parts of draw-
ings of real objects and regularising the resulting figures (see Fig. 1). The 
64 chimeric drawings of nonobjects used in the difficult object decision 
task were selected mainly from the set made by Lloyd-Jones and Hum-
phreys (1997). These nonobjects are line-drawings of closed figures 
constructed by exchanging single parts belonging to objects from the 
same category (see Fig. 1). The order of pictures was randomized in each 
task. 

2.1.1.4. Procedure. All stimuli were presented centrally on a white 
background on a PC-monitor and subtended 3–5 degrees of visual angle. 
The stimuli were displayed until the participants made a response. The 
interval between response and presentation of the next object was 1 s. 
RTs were recorded by use of a serial response box. 

2.2. Old/new face recognition memory task 

2.2.1. Method 

2.2.1.1. Participants. The same participants who performed the object 
decision tasks. 

2.2.1.2. Design. The participants were first presented with a series of 
faces and instructed to encode and try to remember them. They were 
told that they would be presented with a recognition task following the 
presentation. Half the faces were presented in upright orientation and 
half were inverted, and the participants were informed about this from 
the beginning of the experiment. In the test (recognition) phase, par-
ticipants were instructed to press the ‘old’-key (index finger) if the 
picture was of a previously seen face and the ‘new’-key (middle finger) if 
it represented a face not seen previously. Participants were encouraged 
to respond as fast and as accurately as possible. There was a two minute 
break between the study and the test phase. To ensure that potential 
effects of inversion were not limited to a specific set of faces, orientation 
was counterbalanced across participants so that the faces were pre-
sented equally often in upright view as in inverted view across 
participants. 

2.2.1.3. Stimuli. 36 faces (18 upright and 18 inverted) were presented 
in the study phase. These 36 faces were presented in the same orienta-
tion in the test phase together with 36 new faces (18 upright and 18 
inverted). The order of pictures was randomized in both the study and 
the test phase. All stimuli were portraits of adult Caucasian males un-
familiar to the participants. The faces were photographed on a similar 
uniform background, from approximately the same angle, and presented 
in greyscale. Some of the portrayed persons had beards but none wore 
glasses or earrings. The stimuli were selected from the following source: 
https://www.flickr.com/photos/icann/sets/72157615078679248/. 

2.2.1.4. Procedure. All stimuli were presented centrally on a white 
background on a PC-monitor and subtended 4.96 degrees of visual angle 
in width and 6.2 in height. In the study phase each stimulus was pre-
sented for 3 s. with an inter-stimulus-interval of 1.5 s. In the test phase 
the stimuli were displayed until the participants made a response. The 
interval between response and presentation of the next object was 1 s. 
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RTs were recorded by use of a serial response box. 
The order of tasks (easy object decision, difficult object decision and 

face recognition) was counterbalanced across participants. There was a 
break of a few minutes between tasks. 

2.3. Statistical analyses 

To compare the overall difficulty of the three tasks (easy object de-
cision, difficult object decision and old/new face recognition memory) 
we computed d’ for each of the tasks. This is a bias-free measure of 
discrimination sensitivity where sensitivity is expressed as a standard-
ized difference (effect size) (Wickens, 2002). A d́ of 0 equals chance 
performance. 

Because the nonobjects in the object decision tasks served no other 
purpose than to ensure detailed shape processing of the real objects, all 
analyses of latency and accuracy data described below are based on 
responses to real objects only. For the same reason we do not index 
inversion effects in terms of differences in d’ as this would reflect pro-
cessing of both real objects (hits) and nonobjects (rejections) (or both 
old and new objects/faces in the old/new recognition memory tasks). 
Hence d’ is only used as an index of overall task difficulty/ 
discriminability. 

To investigate effects of inversion we performed two analyses: (i) 
First, we computed a difference-score between number of correctly 
recognized upright stimuli (max score objects = 16; max score faces =
18) minus number of correctly recognized inverted stimuli (max score 
objects = 16; max score faces = 18). This was done for each participant 
and for each of the five conditions (Easy object decision SS items, Easy 
object decision SD items, Difficult object decision SD items, Difficult 
object decision SS items, and Face recognition memory old items). (ii) 
Secondly, we examined effects of inversion on RTs. We first trimmed the 
data for each participant by removing RTs on correct trials that deviated 
>2.5 SDs from the mean of that participant. This was done separately for 

each sub-condition in each task, e.g., old faces upright, easy object de-
cision with inverted SS items, etc. On average, trimming resulted in the 
removal of 2.8% trials for each condition (range: 2.5–3%), which is 
within the recommended limits suggested by Ratcliff (1993). We then 
computed the mean trimmed RT for each participant. Based on these 10 
means, and their associated standard deviations, we computed the effect 
size (Cohen's d) for each participant for the difference between: (1) Easy 
object decision upright vs. inverted SS items, (2) Easy object decision 
upright vs. inverted SD items, (3) Difficult object decision upright vs. 
inverted SS items, (4) Difficult object decision upright vs. inverted SD 
items, and (5) Old upright vs Old inverted faces. The higher the 
difference-score (expressed in terms of d), the larger the inversion effect. 
The reason for computing an effect size for each participant was twofold: 
(i) Being an effect size, this estimate expresses the difference between 
the two means relative to the measurement error associated with the 
means (the standard deviations of the means). The smaller the mea-
surement error of the means the more confidence we can have in the 
absolute difference between the means. As we have shown previously, 
this yields more reliable estimates than measures based on only the 
absolute differences between means (Gerlach & Krumborg, 2014; Ger-
lach & Poirel, 2020). (ii) It allows for an easier comparison of effects 
across tasks/conditions and participants. 

Statistical analyses were performed in SPSS version 26. t-tests and 
95% CIs were based on bias-corrected bootstrap analyses with 1000 
samples, and all t-tests were two-tailed using an alpha-level of 0.05. In 
cases where we did not find support for effects, we complemented the 
frequentist approach with a Bayesian estimate of evidence in favor of the 
null versus the alternative hypothesis (BF01). 

To anticipate some of the results, we repeated the difficult object 
decision task across the three experiments with three independent 
samples of participants comprising a total of 80 participants (Experi-
ments 1, 2 and 3). In this large sample we found no significant difference 
in inversion effects between SD and SS items for neither RT (Mdif =

Fig. 1. Exemplars of the stimuli displayed in the Easy (upper row) and the Difficult object decision task (lower row).  
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− 0.07, 95% CI = [− 0.19, 0.05], p = .23, BF01 = 5.6) nor accuracy (Mdif 
= 0.2, 95% CI = [− 0.1, 0.6], p = .18, BF01 = 4). The same was true for 
the easy object decision task (Experiment 1) in terms of RT (Mdif = 0.13, 
95% CI = [− 0.13, 0.38], p = .32, BF01 = 4), but not in terms of accuracy 
where we found that the inversion effect was larger for SD than SS items 
(Mdif = 0.5, 95% CI = [0.2, 0.9], p = .04, dz = 0.49). Given this limited 
evidence for effects of structural similarity we decided to collapse all 
subsequent analyses over category [SS (natural objects) and SD 
(artefacts)]. 

All data on which the analyses are based are openly available here: 
https://osf.io/d7q5n/. 

2.4. Results 

2.4.1. d’ 
Discrimination sensitivity was highest for the easy object decision 

task (M = 4.1; 95% CI [3.9, 4.3]), intermediate for the difficult object 
decision task (M = 2.7; 95% CI [2.5, 2.9]) and lowest for the old/new 
face recognition memory task (M = 1.7; 95% CI [1.4, 2.0]). The differ-
ence in discrimination sensitivity between the easy and the difficult 
object decision task was significant (MDif = 1.4, 95% CI [1.1, 1.6], p <
.001), as was the difference between the difficult object decision task 
and the old/new face recognition memory test (MDif = 1.0, 95% CI [0.7, 
1.2], p < .001). 

2.4.2. Accuracy 
As can be seen in Table 1, the 95% CI associated with the accuracy 

scores on the difficult object decision task and the old/new face memory 
task each crosses zero. This suggests that there is no significant effect of 
inversion in either of these tasks. In comparison, the 95% CI associated 
with the easy object decision tasks does not cross zero suggesting that 
the difference in accuracy for upright and inverted stimuli is significant 
(Cumming, 2014) (for absolute mean percentage correct and absolute 
mean trimmed RT for upright and inverted stimuli across all tasks and 
experiments see Table 2). 

2.4.3. RT 
As can be seen in Table 1, there were clear effects of inversion 

(expressed in terms of Cohen's d) for both faces and objects. It is also 
clear that the mean magnitude of the inversion effects was quite similar 
for objects and faces, even if the variability in the effects across partic-
ipants was somewhat larger for faces than for objects (see Fig. 2 upper 
panel). 

The difference between the inversion effects for the difficult and the 
easy object decision task was quite modest and not significant (MDif =

0.04; 95% CI [− 0.12, 0.20], p = .58, BF01 = 5.5). The same was true for 

the difference between the inversion effects for the difficult object de-
cision task and the old/new face recognition memory test (MDif = 0.04; 
95% CI [− 0.21, 0.33], p = .74, BF01 = 6). 

2.5. Discussion 

Judged by the discrimination sensitivity associated with the three 
tasks, both the easy and the difficult object decision tasks were easier to 
perform than the old/new face recognition memory test. 

In terms of accuracy, an effect of inversion was only significant for 
the easy object decision task. However, in terms of RT, there were clear 
inversion effects for all three tasks. Importantly though, the inversion 
effects did not differ significantly for any of the conditions. In fact, there 
was moderate evidence in favor of the null versus the alternative hy-
potheses, suggesting that the inversion effect was not disproportionally 
larger for faces than for objects or for objects presented in the difficult 
compared with the easy object decision task. 

Given that many studies report a FIE, at least based on accuracy 
(Bruyer, 2011), the present results were somewhat surprising. We 
therefore decided to conduct a new experiment to see if the results with 
objects could be replicated. In Experiment 2, to be reported below, we 
thus repeated the difficult object decision task with a new group of 
participants. Moreover, we used the difficult object decision task as a 
study phase for a surprise old/new object recognition memory task 
which followed the difficult object decision task. This additional task 
was devised to examine whether we would obtain similar inversion ef-
fects across the two task types: difficult object decision and old/new 
recognition memory for objects. This aspect is worth considering 
because differences between the tasks might modulate the effect of 
inversion. In the object decision tasks it is likely that some normalizing 
process (e.g., orientation transformation) is required to match the 
inverted objects to VLTM representations. Whether this is also the case 
in the old/new recognition memory task is less obvious because the 
inverted stimuli have already been presented as inverted in the study 
phase. Hence, inversion in the object decision task may affect both the 
encoding of the stimulus and the matching of the encoded stimulus to 
VLTM representations whereas in the old/new recognition memory task 
inversion is more likely to affect the matching of the stimulus only. At 
least, it is not obvious that normalization is required in the old/new 
recognition task unless the inverted stimulus is rotated into canonical 
orientation prior to being encoded into VLTM. Inclusion of the old/new 
recognition memory task with objects also allowed for a more direct 
comparison with the inversion effect found for faces in Experiment 1 
which was also based on an old/new recognition memory paradigm. 
While interesting, it is worth noting that the outcome of this comparison 
is not critical for the main hypothesis tested here, which is whether 
sizeable inversion effects can be found for objects when tested in con-
ditions that require a more familiar type of identification process than 
within-category discrimination. 

3. Experiment 2 

3.1. Difficult object decision 

3.1.1. Method 

3.1.1.1. Participants. A total of 24 individuals participated (mean age 
27, range 23–53 years, 12 females). 

3.1.1.2. Design. The stimuli, design, and procedure were identical to 
the difficult object decision task presented in Experiment 1. 

Table 1 
Mean differences in accuracy (percent correct responses) and latency (effect size: 
Cohen's d) between upright and inverted items in Experiments 1, 2, and 3. Mean 
differences for accuracy are based on Upright - Inverted stimuli whereas mean 
differences for latency are based on Inverted - Upright stimuli (to yield a positive 
number representing the effect of inversion).   

Accuracy Latency d  

Mean 95% CI Mean 95% CI 

Experiment 1 
Easy Object decision 2.7 1.0, 4.7 0.37 0.28, 0.47 
Difficult Object decision 1.4 − 0.04, 3.3 0.42 0.31, 0.52 
Old/New Face Memory Task 0.07 − 6.7, 7.9 0.37 0.15, 0.59 
Experiment 2 
Difficult Object decision 2.3 0.02, 4.8 0.40 0.25, 0.56 
Old/New Object Memory Task − 2.3 − 6.6, 1.3 0.24 0.11, 0.35 
Experiment 3 
Difficult Object decision 0.9 − 0.4, 2.1 0.55 0.43, 0.66 
Old/New Object Memory Task − 0.1 − 3.7, 3.4 0.24 0.15, 0.34 
Old/New Face Memory Task 1.7 − 3.8, 7.3 0.31 0.14, 0.49  
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3.2. Old/new object recognition memory task 

3.2.1. Method 

3.2.1.1. Participants. The same participants who performed the difficult 
object decision task. 

3.2.1.2. Design. After completing the difficult object decision task and a 
two minutes break, the old/new object recognition memory task was 
initiated. This task involved an element of surprise in that the partici-
pants were presented with a series of real objects and had to indicate 
which objects they had seen before (in the difficult object decision task) 
and which were new. The participants were instructed to press the ‘old’- 
key (index finger) if the picture represented a previously seen object and 
the ‘new’-key (middle finger) if not. The participants were encouraged 

to respond as fast and as accurately as possible. To ensure that potential 
effects of inversion were not limited to a specific set of objects, orien-
tation was counterbalanced so that the objects (both old and new) were 
presented equally often in upright view as in inverted view across 
participants. 

3.2.1.3. Stimuli. Stimuli consisted of 128 line-drawings of real objects, 
whereof 64 had been shown to the participants earlier in the difficult 
object decision task. All drawings were taken from the set of Snodgrass 
and Vanderwart (1980). Half of the objects were natural objects and half 
were artefacts. The order of pictures was randomized in each task. 

3.2.1.4. Procedure. All stimuli were presented centrally on a white 
background on a PC-monitor and subtended 3–5 degrees of visual angle. 
The stimuli were displayed until the participants made a response. The 

Table 2 
Mean percentage correct responses and mean RT (ms) for upright and inverted items in Experiments 1, 2, and 3.   

% correct RT  

Upright Inverted Upright Inverted  

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI 

Experiment 1 
Easy Object decision 98.6 97.9, 99.2 95.8 93.6, 97.7 542 513, 576 581 547, 617 
Difficult Object decision 95.9 93.8, 97.8 94.4 91.4, 96.5 664 621, 715 741 688, 798 
Old/New Face Memory Task 75.2 68.1, 82.4 74.8 68.3, 79.9 993 910, 1085 1079 955, 1162 
Experiment 2 
Difficult Object decision 95.7 94.1, 97.1 93.4 90.8, 95.3 706 652, 766 785 722, 847 
Old/New Object Memory Task 84.1 78.8, 88.7 86.5 82.7, 90.0 778 725, 837 829 764, 892 
Experiment 3 
Difficult Object decision 94.7 93.2, 96.2 93.9 92.6, 95.1 815 770, 862 933 877, 992 
Old/New Object Memory Task 83.7 80.7, 86.5 83.8 81.5, 86.3 797 761, 833 843 812, 875 
Old/New Face Memory Task 71.5 67.0, 76.7 69.8 64.5, 74.5 950 914, 985 1042 985, 1100  

Fig. 2. Illustration of the variation of the inversion effect across participants in each of the tasks in the three experiments. Each bar represents the difference in 
latency (RT) for upright and inverted stimuli for a particular participant in a particular condition expressed as an effect size (Cohen's d). Each graph is ordered by the 
magnitude of the effect and not by participant. As can be seen there was somewhat more variability in the effects for faces than for objects. 
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interval between response and presentation of the next object was 1 s. 
RTs were recorded by use of a serial response box. 

3.3. Statistical analyses 

To compare the overall difficulty of the two tasks (difficult object 
decision and old/new object recognition memory) we computed d’ for 
each of the tasks. 

To investigate effects of inversion we performed two analyses: (i) In 
the first analysis we computed a difference-score between number of 
correctly recognized upright stimuli (max score difficult object decision 
= 32; max score old/new recognition = 32) minus number of correctly 
recognized inverted stimuli (max score difficult object decision = 32; 
max score old/new recognition = 32). This was done for each partici-
pant and for each of the two conditions (difficult object decision and 
old/new object recognition). (ii) In the second analysis we examined 
effects of inversion on RTs using the same procedure as in Experiment 1 
by trimming the data and then computing the effect size for each 
participant for the contrast between RTs to inverted and upright items. 
On average, trimming resulted in the removal of 3.3% trials for each 
condition (range: 2.5–4%), which is within the recommended limits 
suggested by Ratcliff (1993). 

3.4. Results 

3.4.1. d’ 
Discrimination sensitivity was higher for the difficult object decision 

task (M = 2.6; 95% CI = [2.4, 2.8]) than for the old/new object 
recognition memory task (M = 2.2; 95% CI = [2.1, 2.4]), and the dif-
ference was significant (Mdif = 0.38; 95% CI = [0.14, 0.58], p < .005). 

3.4.2. Accuracy 
As can be seen in Table 1 there was a reliable effect of inversion in the 

difficult object decision task, with accuracy being slightly higher for 
upright items (2.3%, 95% CI [0.02, 4.8]), but not in the old/new object 
recognition memory task where the difference was − 2.3% (95% CI 
[− 6.6, 1.3]). 

3.4.3. RT 
As can be seen in Table 1, there were clear effects of inversion 

(expressed in terms of Cohen's d) in both the difficult object decision task 
and the old/new object recognition memory task. The difference be-
tween the inversion effects in the two tasks was not significant (MDif =

0.16; 95% CI [− 0.003, 0.34], p = .1, BF01 = 1.5). For an illustration of 
the individual variability in inversion effects across tasks see Fig. 2 
middle panel. 

As can be seen from Table 1 there were clear overlaps between the 
95% CI's associated with the latency inversion effects for the old/new 
object memory task (Experiment 2) and the old/new face memory task 
(Experiment 1) suggesting that these effects did not differ between the 
tasks. Indeed, even though the inversion effect was larger for faces (d =
0.37) than for objects (d = 0.24), the difference between the effects was 
not significant (MDif = 0.14; 95% CI [− 0.015, 0.4], p = .3 BF01 = 3). 

3.5. Discussion 

In terms of discrimination sensitivity, the difficult object decision 
task was easier to perform than the old/new (object) recognition 
memory task. With respect to accuracy there was a significant inversion 
effect for the object decision task (as in Experiment 1), but not for the 
old/new (object) recognition memory task, and the difference between 
the two tasks in terms of the magnitude of the inversion effect was not 
significant. However, both the object decision and the old/new object 
recognition memory tasks yielded significant inversion effects in terms 
of latency (RT). The magnitude of these inversion effects did not differ 
between the tasks. Finally, comparing the inversion effects in latency (d) 

in the old/new face recognition memory task and the old/new object 
recognition memory task yielded no significant difference. Indeed, the 
present results were 3 times more likely under the null than the alter-
native hypothesis. 

Considering the results from Experiments 1 & 2 together we find 
clear effects of inversion for both objects and faces but no evidence 
suggesting that these effects differ across task type (easy object decision, 
difficult object decision and old/new recognition memory) or stimulus 
type. The strongest evidence in favor of similar inversion effects for faces 
and objects came from the comparison of performance in the old/new 
recognition memory tasks because they had the same format for both 
categories. Here, the evidence suggested that the results were three 
times more likely under the null hypothesis (that the effects are the 
same) than the alternative hypothesis (that the inversion effects differ 
between tasks). However, because this only amounts to anecdotal evi-
dence in favor of the null hypothesis, obtained in a between-subjects 
design, we wanted to see if we could replicate it in a larger sample 
using a within-subjects design. Hence, in Experiment 3 below we tested 
32 participants using the same difficult object decision task as used in 
Experiments 1 and 2. This served as a study phase for a surprise old/new 
object recognition memory task which was identical to the one used in 
Experiment 2. Finally, the participants also completed the old/new face 
recognition memory task used in Experiment 1. 

4. Experiment 3 

4.1. Method 

4.1.1. Participants 
A total of 32 individuals participated (mean age 24, range 18–38 

years, 16 females). 

4.1.2. Procedure 
The old/new recognition memory tasks for faces and objects fol-

lowed their respective study phases after an interval of 2 min. Half of the 
participants began with the object task. 

4.1.3. Design 
The stimuli and the designs were identical to those of the difficult 

object decision task used in Experiment 1 & 2, the old/new recognition 
memory task for objects used in Experiment 2 and the old/new recog-
nition memory task for faces used in Experiment 1. 

4.2. Statistical analyses 

To compare the overall difficulty of the three tasks (difficult object 
decision and old/new recognition memory for objects and faces) we 
computed d’ for each of the tasks. Again, effects of inversion were 
examined by means of two analyses: (i) In the first analysis we computed 
a difference-score between number of correctly recognized upright 
stimuli (max score difficult object decision = 32; max score old/new 
object recognition memory = 32; max score old/new face recognition 
memory = 18) minus number of correctly recognized inverted stimuli 
(max score difficult object decision = 32; max score old/new object 
recognition memory = 32; max score old/new face recognition memory 
= 18). This was done for each participant and for each of the three 
conditions. (ii) In the second analysis we examined effects of inversion 
on RTs using the same procedure as in Experiments 1 & 2 by trimming 
the data and then computing the effect size for each participant for the 
contrast between RTs to inverted and upright items. On average, trim-
ming resulted in the removal of 2.8% trials for each condition (range: 
1.7–4.1%), which is within the recommended limits suggested by 
Ratcliff (1993). 
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4.3. Results 

4.3.1. d’ 
Discrimination sensitivity was highest for the difficult object deci-

sion task (M = 2.7; 95% CI [2.6, 2.9]), intermediate for the old/new 
object recognition memory task (M = 2.3; 95% CI [2.1, 2.5]) and lowest 
for the old/new face recognition memory task (M = 1.2; 95% CI [1.0, 
1.4]). The difference in discrimination sensitivity between the difficult 
object decision task and the old/new object recognition memory task 
was significant (MDif = 0.42, 95% CI [0.27, 56], p < .001), as was the 
difference between the old/new recognition memory tasks with objects 
and faces (MDif = 1.1, 95% CI [0.9, 1.3], p < .001). 

4.3.2. Accuracy 
As can be seen in Table 1 there were no significant inversion effects 

on accuracy for any of the tasks. 

4.3.3. RT 
As can be seen in Table 1, there were clear effects of inversion on 

latency in all tasks with RTs being slower for inverted than upright 
items. The difference between the difficult object decision task and the 
old/new object recognition memory task in inversion effects on latency 
was significant (MDif = 0.31; 95% CI [0.13, 0.49], p < .005). Impor-
tantly, however, the inversion effects did not differ significantly be-
tween the difficult object decision task and the old/new face recognition 
memory task (MDif = 0.24; 95% CI [− 0.02, 0.48], p = .06, BF01 = 0.4) 
nor between the old/new face recognition memory task and the old/new 
object recognition memory task (MDif = 0.07; 95% CI [− 0.09, 0.25], p =
.43, BF01 = 5). For an illustration of the individual variability in inver-
sion effects across tasks see Fig. 2 lower panel. 

4.4. Discussion 

In contrast to Experiment 1, a slight but significant difference was 
obtained in Experiment 2 between inversion effects in the difficult object 
decision task and the old/new object recognition memory test, with the 
inversion effect being larger in the object decision task. A similar ten-
dency – towards a reversed FIE – was seen in the contrast between the 
difficult object decision task and the old/new face recognition memory 
task, but it did not reach significance (p = .06). It is difficult to interpret 
the significance of these findings considering that the tasks differ in their 
cognitive demands: The object decision task is a rather plain recognition 
task whereas the old/new recognition memory tasks also require 
episodic memory. What is important in the present context is that these 
findings do not support the notion that inversion effects are necessarily 
small for objects and smaller for objects than for faces (Robbins & 
McKone, 2007). Whether they are depends on the task. 

In keeping with the suggestion that inversion effects are not neces-
sarily smaller for objects than for faces, we also find comparable 
inversion effects for faces and objects when the task format is held 
constant. Hence, for recognition memory, the results of Experiment 3 
indicated that the null hypothesis of no difference between faces and 
objects is 5 times more likely than the alternative hypothesis. This 
replicates the (between-subject) comparison of inversion effects in the 
old/new face recognition memory tasks of Experiment 1 and the old/ 
new object recognition memory task of Experiment 2 which also yielded 
evidence in favor of the null hypothesis. 

5. General discussion 

The face inversion effect (FIE) refers to the observation that inversion 
affects the processing of faces disproportionally more than inversion 
affects the processing of other mono-oriented objects. Even though the 
nature of the FIE is debated (Civile et al., 2016; Murphy et al., 2020; 
Tanaka & Gordon, 2011), the effect is important because it is taken to 
represent pivotal evidence in support of the notion that face processing 

differs qualitatively from processing of other classes of objects (McKone 
& Robbins, 2011; Yovel, 2016). Even though the FIE has been repro-
duced across many (but not all) studies (Bruyer, 2011), it is a possibility 
that the effect may mainly reflect that faces are more easy to discrimi-
nate at a within-category level than other mono-oriented objects when 
presented in the canonical orientation (baseline condition) rather than 
an effect of inversion per se. At least an upright advantage for faces is 
present in most FIE studies, which for the most part are based on within- 
category discrimination which is fairly easy with faces but comparably 
more difficult with other object classes; even at times with object classes 
with which people have expertise (e.g., Chin et al., 2018). 

To test the hypothesis that the FIE may partly be driven by familiarity 
with the identification process – in that within-category discrimination 
of members from non-expertise categories is an unfamiliar undertaking 
resulting in small inversion effects for objects – we compared inversion 
effects for faces and objects in a series of tasks we assumed would be 
more on par in that the object recognition tasks did not require within- 
category discrimination. And indeed; in the tasks used here, accuracy for 
faces was not higher than accuracy for objects in any of the experiments 
conducted. Hence, if the hypothesis regarding familiarity is correct, 
sizeable inversion effects should be found with objects under these 
conditions because they are not associated with a disadvantage from the 
outset. This was confirmed as moderate inversion effects for objects 
were found across all tasks. In fact, regardless of whether inversion ef-
fects for faces were compared with inversion effects for objects derived 
from easy or difficult object decision tasks (Experiment 1) or from old/ 
new recognition memory tasks (Experiments 2 & 3), the inversion effects 
for faces never differed significantly from those found with objects, and 
Bayesian analyses also yielded more evidence in favor of the null than 
the alternative hypothesis. It is important to note that the lack of a FIE 
also does not reflect insensitive experiments as significant inversion 
effects were found for both faces and objects across all experiments. 
They just did not differ significantly in magnitude. 

As a secondary objective, we also examined if inversion effects for 
objects were modulated by the demand placed on perceptual differen-
tiation, as has been found previously (Dickerson & Humphreys, 1999; 
Hamm & McMullen, 1998), or by structural similarity (Lawson & Joli-
coeur, 1998; Murray, 1998). Like Lloyd-Jones and Luckhurst (2002) we 
did not find any effect of perceptual differentiation, obtaining similar 
inversion effects for objects in the easy and difficult object decision tasks 
in Experiment 1, even if these tasks differed significantly in difficulty. 
While this does not prove that inversion effects are unaffected by dif-
ferences in perceptual differentiation the result does suggest that dif-
ferences in inversion effects may require a larger difference in 
perceptual differentiation than the one we induced here by comparing 
easy and difficult object decision tasks. The same type of reservation 
applies to the lack of an effect of structural similarity on inversion. 

The proposition we have tested here – and found support for – is 
simple: Sizeable inversion effects can be found for objects when pro-
cessing of these objects is examined in conditions requiring a more 
familiar type of identification process than within-category discrimina-
tion. As a consequence, the FIE may be reduced or abolished in such 
conditions for the simple reason that faces no longer enjoy an advantage 
compared with objects in the upright condition. This is what we argue is 
the case in the present experiments where we do not observe a FIE. As 
such the term ‘face inversion effect’ is somewhat misleading as the 
classical ‘within-category FIE’ may primarily reflect an advantage for 
faces in the upright condition rather than a disadvantage for faces in the 
inverted condition. 

The explanation of the FIE given above may seem similar to what the 
expertise account would suggest (Diamond & Carey, 1986; Gauthier 
et al., 2000; Gauthier & Tarr, 1997). However, according to the expertise 
account, sizable inversion effects should only emerge in conditions that 
require discrimination at the subordinate/exemplar level and with 
stimuli that belongs to a homogenous category. The present results 
demonstrate that neither of these requirements are necessary for 
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sizeable object inversion effects to occur. 
The proposition above entails that it may be difficult to compare 

inversion effects for faces and objects in identical tasks because it is hard 
to envisage a task that does not favor one class at the expense of the 
other. Even though it was not important here to match conditions for 
faces and objects, we did try to use similar tasks by using an old/new 
recognition memory paradigm which is applicable to both categories. 
However, even in this case it is not unlikely that objects are encoded 
differently than faces in the study phase because faces are generally 
sought to be classified at the subordinate (identity) level whereas objects 
may not be (Tarr & Gauthier, 2000). The same difficulty is present even 
when within-category discrimination of faces is compared with within- 
category differentiation of object-categories with which participants 
have expertise (Gauthier et al., 2000; Rossion & Curran, 2010). 

From a methodological point of view, it is of course not ideal if the 
same experimental context cannot be applied to both stimulus classes 
examined because this will decrease internal validity. However, and as 
we argue above, it may actually be the attempt to keep the processing 
requirements constant across stimulus classes that to a large extent 
drives the FIE in the first place. In this respect differences in task de-
mands pose as great a threat to internal validity as other dimensions that 
are likely to differ across object classes (Gerlach & Starrfelt, 2021; Rice, 
Watson, Hartley, & Andrews, 2014). Unfortunately, it is difficult to 
imagine a paradigm where the values on such parameters are equated 
for faces and objects without causing the stimuli to be very artificial (Ge, 
Wang, McCleery, & Lee, 2006; Robotham & Starrfelt, 2018). 

If sizeable inversion effects can be found with objects in familiar 
contexts, and if the FIE is reduced or abolished because of this, as we 
have shown here, does this imply that faces are processed in a manner 
that is qualitatively similar to faces? Not necessarily. At least the present 
experiments provide no grounds for arguing so. That said, the present 
results do suggest that the FIE is merely a quantitative difference be-
tween face and object processing; a difference that can be induced or 
eliminated depending on how it is measured. As such the FIE does not 
constitute evidence that face processing differs qualitatively from pro-
cessing of other classes of objects (McKone & Robbins, 2011; Yovel, 
2016). In a similar vein, to the degree that inversion effects reflect that 
upright stimuli (faces) are processed holistically whereas inverted 
stimuli are not, as some have suggested (Farah, Wilson, Drain, & 
Tanaka, 1998; Piepers & Robbins, 2012; Richler & Gauthier, 2014; 
Rossion, 2008), it follows that objects (with canonical orientation) are 
also processed holistically in upright orientation. 

There is little doubt that most people are better at classifying faces 
than other objects at the individual level, even if this “expertise” is far 
more pronounced for familiar compared with unfamiliar faces (Young & 
Burton, 2018). This could suggest that we recognize faces in a manner 
that differs qualitatively from the way we recognize other classes of 
objects. This assumption of domain-specificity also finds support in 
observations that both brain injury and developmental disorders may 

cause particular problems with face recognition (Rossion, 2015; Susilo & 
Duchaine, 2013). It is a matter of continuing debate, however, just how 
selective these impairments are. Indeed, when object recognition is 
tested with sensitive measures, impaired object recognition is often 
found alongside impaired face recognition (Barton, Hanif, & Ashraf, 
2009; Gerlach & Starrfelt, 2021; Geskin & Behrmann, 2018; Rice et al., 
2021). Even though we do not rule out that face recognition may differ 
from object recognition in some respects, we have been interested in 
testing whether other factors than domain-specificity may be able to 
account for category-effects in object processing (Gerlach, 2017) and for 
differences in object and face processing (Gerlach, Barton, Albonico, 
Malaspina, & Starrfelt, 2022; Gerlach & Starrfelt, 2021). One factor that 
may cause differences in performance with faces and objects is expertise 
(Bukach, Gauthier, & Tarr, 2006) which may be just a particular 
instance of what we more generally term ‘familiarity’. 

In conclusion, face recognition is likely to differ from recognition of 
other objects in that faces represent the class of stimuli with which we 
have the most developed within-category identification ability. It is not 
the case, however, that faces are disproportionally more affected by 
inversion compared with objects when performance with objects is 
assessed in contexts that do not require within-category discrimination. 
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Appendix A  

Natural objects Artefacts 

Apple Airplane 
Bear Ashtray 
Bird Baby carriage 
Cat Barn 
Chicken Bicycle 
Cow Candle 
Deer Cannon 
Dog Cap 
Duck Church 
Eagle Crown 
Elephant Dress 
Flower Harp 

(continued on next page) 
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(continued ) 

Natural objects Artefacts 

Fox Hat 
Frog Helicopter 
Gorilla House 
Grasshopper Iron 
Horse Ironing board 
Lion Jacket 
Mouse Piano 
Mushroom Record player 
Owl Rocking chair 
Peacock Roller skate 
Pig Sailboat 
Rabbit Sled 
Raccoon Spinning wheel 
Rooster Stool 
Skunk Train 
Squirrel Vest 
Swan Wagon 
Tiger Watering can 
Tree Well 
Turtle Windmill  
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