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ABSTRACT

The Thatcher illusion provides a compelling example of the face inversion effect.

However, the marked effect of inversion in the Thatcher illusion contrasts with other

studies that only report a small effect of inversion on the recognition of facial expressions.

To address this discrepancy, we compared the effect of inversion and thatcherization on

the recognition of facial expressions. We found that inversion of normal faces only caused

a small reduction in the recognition of facial expressions. In contrast, thatcherization of

upright images resulted in a much larger reduction in the recognition of facial expressions.

Paradoxically, inversion of thatcherized faces caused a relative increase in the recognition

of facial expressions. Together, these results suggest that different processes explain the

effects of inversion on the recognition of facial expressions and on the perception of the

Thatcher illusion. The grotesque perception of thatcherized images is based on a more

orientation-sensitive representation of the face. In contrast, the recognition of facial

expression is dependent on a more orientation-insensitive representation. A similar

pattern of results was evident when only the mouth or eye region was visible. These

findings demonstrate that a key component of the Thatcher illusion is to be found in

orientation-specific encoding of the features of the face.
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INTRODUCTION

The impairment in the perception and recognition of facial identity following inversion is a

well-established phenomenon in face perception (Yin, 1969; Diamond and Carey, 1986;

Valentine, 1988). Although the face inversion effect (FIE) is a robust finding across many

aspects of face processing, the effect of inversion on the perception of facial expression is

less clear. Inversion has been shown to have a small effect on the recognition of negative

emotions, but little effect on the recognition of positive emotions, such as happiness

(PrKachin, 2003; McKelvie, 1995; Fallshore and Bartholow, 2003; Calvo and Nummenmaa,

2008; Goren and Wilson, 2006).

The relatively small and inconsistent cost of inversion on the perception of facial

expression contrasts with the substantial effect of inversion found in the Thatcher illusion.

Turning the eyes and the mouth upside-down relative to the rest of the face (a transform

we will call 'thatcherization') results in the perception of a grotesque facial expression when

the face is upright, but when the image is inverted the grotesque appearance is no longer

visible (Thompson, 1980).

The effect of inversion on the perception of facial expression seen in the Thatcher

illusion is widely attributed to disruption of configural processing. The distinction between

the processing of local features (such as eyes and mouths) and configural properties based

on spatial inter-relationships between the features of the face was introduced by Carey and

Diamond (1977), who maintained that configural processing is impaired by inversion

whereas feature processing is largely equivalent across upright and inverted faces. For

upright faces, they argued that both configural and featural processing are possible,

whereas for inverted faces only feature processing can be used. From this perspective, it
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follows that the cause of the disruptive effect of inversion in the Thatcher illusion reflects a

disruption of configural processing, and many researchers have adopted this intuitively

appealing line of reasoning.

The aim of this study was to address the discrepancy between the effect of inversion

on the recognition of facial expressions and the perception of the Thatcher illusion. First, we

compared the relative effect of inversion and thatcherization on the recognition of

expression from a validated set of face stimuli (Young et al., 2002). Our prediction was that

the disruption to the canonical presentation of facial features in the thatcherized images

should have a large effect on the recognition of expression. In contrast, inversion of face

images should have a much smaller effect on the recognition of expression. Next, we asked

how inversion affects the recognition of facial expression in thatcherized faces. Based on

previous studies, our prediction was that the inversion of thatcherized images should lead

to a further modest reduction in the recognition of facial expression. However, in a

thatcherized face, the features have an orientation typically found in upright faces. So, it is

also possible that recognition performance will be improved. Previous studies have

suggested that the Thatcher illusion can be explained by the absence of configural

processing in inverted faces (Carey and Diamond, 1977; Bartlett and Searcy, 1993). To

address the importance of configural processing, we asked whether a similar pattern of

results is evident when the key expressive features (mouth region or eye region) are shown

in isolation. If the same pattern of results can be found when only featural information is

present, this would challenge configural explanations of the Thatcher illusion. On the other

hand, if the effects seen in the whole face are dependent on configural processing, we
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would not expect to see a similar pattern of results when only the eye or mouth region are

visible.
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MATERIALS ANDMETHODS

Participants

Twelve participants took part in the experiment 1 (6 Female; mean age 20.5, ± 1.8) and 20

participants took part in Experiment 2 (16 Female; mean age 19.1, ± 1.6). The study was

approved by the Psychology Department Ethics Committee at the University of York.

Participants were students from the University of York.

Stimuli

Face stimuli were Ekman faces selected from the Facial Expressions of Emotion Stimuli and

Tests (FEEST) set (Young, Perrett, Calder, Sprengelmeyer and Ekman, 2002). Six individuals

posing different expressions were selected based on the following three main criteria: (i) A

high recognition rate for all expressions (mean recognition rate in a six-alternative forced-

choice experiment: 94%; Young et al., 2002), (ii) consistency of the action units (muscle

groups) across different individuals posing a particular expression, and (iii) visual similarity

of the posed expression across individuals. Each face image was Thatcherized by inverting

the mouth and eyes by 180
o.
Visual stimuli (7 x 11

o
: whole face, 7 x 2

o
: mouth or eye region)

were presented on a computer monitor at a distance of approximately 57 cm from the

participants. NBS Presentation (http://www.neurobs.com) stimulus delivery software was

used to present images.

Design

Figure 1A shows examples of images from Experiment 1. We compared the effect of

inversion and thatcherization on the recognition of facial expressions of emotion using

whole face images. There were 6 facial expressions: neutral, happiness, anger, disgust, fear

and sadness. Images were presented in an upright or inverted orientation. They could also
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be normal or thatcherized. In total, there were 24 conditions that included 6 expressions x 4

conditions (upright normal, inverted normal, upright thatcherized, inverted thatcherized).

Individual images from each condition were presented for 800 ms followed by a 2 s

interstimulus fixation screen. Participants were instructed to press a button to indicate

which expression they had seen (6-AFC). There were 24 trials for each condition and a total

of 576 trials for the whole experiment. Trials were presented in a counterbalanced, pseudo-

randomized order.

Figure 1B and 1C shows examples of images from Experiment 2. The design and

procedure for Experiment 2 was identical to Experiment 1. The only difference was that

participants judged facial expressions of emotion from face images in which either only the

mouth region or only the eye region was visible.
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RESULTS

Experiment 1

Recognition Accuracy (whole face)

The aim of Experiment 1 was to determine the effect of inversion on the recognition of

expression in normal and thatcherized whole faces. Figure 2 shows the recognition accuracy

for each facial expression. A 3-way ANOVA with Expression (neutral, happy, fear, disgust,

anger, sad), Condition (normal, thatcherized) and Orientation (upright, inverted) was

performed on the data. This revealed a significant effect of Expression (F5,55 = 16.8, p <

0.001) and Condition (F1,11 = 53.0, p < 0.001). There was a non-significant trend for an effect

of Orientation (F1,11 = 4.5, p = .06), but there was a significant interaction between

Expression * Orientation (F5,55 = 9.9, p < 0.001). This suggests that inversion had a different

effect on different emotional expressions. Finally, there was a significant interaction

between Condition * Orientation (F1,11 = 44.3, p < 0.001). This suggests that inversion had a

different effect on the recognition of expression in normal compared to thatcherized

images. To determine how the perception of different facial expressions is affected by

Orientation and Thatcherization, a 2 (Condition) x 2 (Orientation) ANOVA was performed

independently for each expression.

For Neutral, there was a significant effect of Condition (F1,11 = 30.3, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (72.7 ± 4.4) compared to

normal (90.5 ± 2.5) faces. There was also an effect of Orientation (F1,11 = 6.9, p < 0.05) and a

significant interaction between Condition * Orientation (F1,11 = 7.3, p < 0.05). This interaction

is explained by no difference in recognition between inverted (88.5 ± 3.4) and upright (92.4

± 1.5) normal faces (t(11) = 0.15, p = .89), but a higher recognition of inverted (84.4 ± 2.8)

compared to upright (61.1 ± 5.9) thatcherized faces (t(11) = 3.7, p < 0.01). Finally, the
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recognition of upright normal faces was significantly higher than the recognition of inverted

thatcherized faces (t(11) = 2.7, p < 0.05).

For Happy, there was a significant effect of Condition (F1,11 = 25.8, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (63.3 ± 8.1) compared to

normal (94.0 ± 4.3) faces. There was no significant effect Orientation (F1,11 = 2.7, p = .13),

but there was a significant interaction between Condition * Orientation (F1,11 = 6.5, p <

0.05). This interaction is explained by no difference in recognition between inverted (91.7 ±

2.9) and upright (96.2 ± 1.4) normal faces (t(11) = 1.6, p = .14), but a higher recognition of

inverted (76.9 ± 3.5) compared to upright (49.7 ± 12.7) thatcherized faces (t(11) = 2.6, p <

0.05). Finally, the recognition of upright normal faces was significantly higher than the

recognition of inverted thatcherized faces (t(11) = 6.3, p < 0.001).

For Fear, there was a significant effect of Condition (F1,11 = 10.8, p < 0.01). The effect

of Condition was due to lower recognition of thatcherized (67.0 ± 4.0) compared to normal

(81.8 ± 4.5) faces. There was also an effect of Orientation (F1,11 = 6.5, p < 0.05) and a

significant interaction between Condition * Orientation (F1,11 = 23.2, p < 0.01). This

interaction is explained by no difference in recognition between inverted (80.6 ± 4.3) and

upright (83.0 ± 4.7) normal faces (t(11) = 1.1, p = .30), but a higher recognition for inverted

(81.9 ± 3.9) compared to upright (58.0 ± 4.4) thatcherized faces (t(11) = 4.5, p < 0.001).

Finally, the recognition of upright normal faces was not significantly different from the

recognition of inverted thatcherized faces (t(11) = 0.9, p = .37).

For Disgust, there was no significant effect of Condition (F1,11 = 0.0, p = .96) and

Orientation (F1,11 = 2.8, p = .12). However, there was a significant interaction between

Condition * Orientation (F1,11 = 5.2, p < 0.05). This interaction is explained by no difference in
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recognition between inverted (74.7 ± 3.5) and upright (73.6 ± 3.0) thatcherized faces (t(11) =

0.4, p = .70), but a higher recognition for upright (78.1 ± 3.6) compared to inverted (67.7 ±

4.7) normal faces (t(11) = 2.6, p < 0.05). Finally, the recognition of upright normal faces was

not significantly different from the recognition of inverted thatcherized faces (t(11) = 1.1, p =

.29).

For Anger, there was a significant effect of Condition (F1,11 = 46.7, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (47.6 ± 4.6) compared to

normal (65.6 ± 3.6) faces. There was also an effect of Orientation (F1,11 = 15.8, p < 0.01) and

a significant interaction between Condition * Orientation (F1,11 = 6.9, p < 0.05). This

interaction is explained by a lower recognition of inverted (53.1 ± 4.2) compared to upright

(78.1 ± 2.8) normal faces (t(11) = 5.9, p < 0.001), but no difference in recognition for

inverted (43.4 ± 3.1) compared to upright (51.7 ± 6.0) thatcherized faces (t(11) = 1.4, p =

.18). Finally, the recognition of upright normal faces was significantly higher than the

recognition of inverted thatcherized faces (t(11) = 10.4, p < 0.001).

For Sad, there was a significant effect of Condition (F1,11 = 9.4, p < 0.01). The effect of

Condition was due to lower recognition of thatcherized (42.1 ± 6.3) compared to normal

(52.3 ± 6.5) faces. There was also an effect of Orientation (F1,11 = 45.0, p < 0.001). The effect

of Orientation was due to higher recognition of upright (63.4 ± 7.4) compared to inverted

faces (30.9 ± 5.4). There was no significant interaction between Condition * Orientation

(F1,11 = 2.1, p = .18).

To investigate the patterns of errors, a confusion matrix was generated (Fig. 3). This

shows how participants responded to different emotional expressions. The majority of

responses were evident along the diagonal (correct). It is also interesting to note that the
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pattern of incorrect responses was not obviously different for normal or thatcherized

images. For example, the correlation in correct performance between upright normal and

inverted normal was r = .94 (p < 0.001). Similarly, the correlation in correct performance

between upright normal and upright thatcherized was r = .95 (p < 0.001). Finally, the

correlation between upright thatcherized and inverted thatcherized was r = .91 (p < 0.001).

Together, this suggests that the effects of inversion and thatcherization reflect a lower

number of correct responses rather than a different pattern of response.

Reaction Time (whole face)

A 3-way ANOVA with Expression x Condition x Orientation was performed on the reaction

time data in Experiment 1 (Table 1). There was an effect of Orientation (F1,7 = 6.6, p < 0.05).

This was due to lower RT to upright (1409 ± 85 ms) compared to inverted (1598 ± 99 ms)

faces. There was a significant effect of Condition (F1,7 = 16.1 p < 0.01). This was due to lower

RT to normal (1456 ± 88 ms) compared to thatcherized (1551 ± 96 ms) faces. Finally, there

was also an effect of Expression (F5,35 = 7.5, p < 0.001). This was due to differences in RT

across the different expressions (neutral: 1401 ± 157 ms, happy: 1401 ± 160, Fear: 1586 ±

151 ms, Disgust: 1443 ± 154 ms, Anger: 1624 ± 159 ms, Sad: 1568 ± 175 ms). There was a

significant interaction between Condition * Expression (F5,35 = 2.6, p < 0.05), but no

significant interaction of Expression * Orientation (F5,35 = 0.7, p = .61) and no significant

interaction between Expression * Condition * Orientation (F5,35 = 0.8, p = .44).
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Experiment 2

The aim of Experiment 2 was to determine the effect of inversion on the recognition of

facial expressions in normal and thatcherized faces when only the eye or mouth region was

shown.

Recognition Accuracy (eye region)

Figure 4 shows the % correct recognition for each facial expression in the eye region. To

determine the effect of inversion and thatcherization, we performed a 3 way ANOVA with

Expression (neutral, happy, fear, disgust, anger, sad), Condition (normal, thatcherized) and

Orientation (upright, inverted). There was a significant effect of Expression (F5,95 = 55.3, p <

0.001), a significant effect of Condition (F1,19 = 74.8, p < 0.001) and a significant effect of

Orientation (F1,19 = 135.6, p < 0.001). There was also a significant Condition * Orientation

interaction (F1,19 = 91.9, p < 0.001). This suggests that inversion has a different effect on the

recognition of facial expression in normal and thatcherized faces. There was also a

significant Expression * Condition interaction (F5,95 = 7.6, p < 0.001) and Expression *

Orientation (F5,95 = 26.8, p < 0.001). The interaction between Expression * Condition *

Orientation was also significant (F5,95 = 28.9, p < 0.001). To determine how the perception

of different facial expressions is affected by Orientation and Thatcherization, a 2 (Condition)

x 2 (Orientation) ANOVA was performed independently for each expression.

For Neutral, there was a significant effect of Condition (F1,19 = 36.9, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (34.7 ± 4.7) compared to

normal (54.6 ± 44) faces. There was also an effect of Orientation (F1,19 = 14.9, p < 0.001) and

a significant interaction between Condition * Orientation (F1,19 = 111.9, p < 0.001). This

interaction is explained by lower recognition of inverted (32.8 ± 4.1) compared to upright
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(76.4 ± 4.7) normal images (t(19) = 9.5, p < 0.001), but higher recognition of inverted (47.5 ±

4.6) compared to upright (21.9 ± 4.8) thatcherized images (t(19) = 5.1, p < 0.001). Finally,

the recognition of upright normal faces was significantly higher than the recognition of

inverted thatcherized faces (t(19) = 6.0, p < 0.001).

For Happy, there was a significant effect of Condition (F1,19 = 40.7, p < 0.001) and

Orientation (F1,19 = 61.6, p < 0.001). The effect of Condition was due to lower recognition of

thatcherized (31.3 ± 6.4) compared to normal (47.4 ± 4.9) images. The effect of Orientation

was due to an increased recognition of upright (52.9 ± 5.4) compared to inverted (25.7 ± 5.9)

images. There was no significant interaction between Condition * Orientation (F1,19 = 1.3, p =

.26).

For Fear, there was a significant effect of Condition (F1,19 = 27.1, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (66.0 ± 4.1) compared to

normal (82.4 ± 3.5) faces. There was also an effect of Orientation (F1,19 = 9.5, p < 0.01) and a

significant interaction between Condition * Orientation (F1,19 = 95.8, p < 0.001). This

interaction is explained by the lower recognition of inverted (76.1 ± 4.4) compared to

upright (88.6 ± 2.6) normal images (t(19) = 3.0, p < 0.01), but higher recognition for inverted

(82.5 ± 3.7) compared to upright (48.6 ± 4.5) thatcherized images (t(19) = 5.9, p < 0.001).

Finally, the recognition of upright normal faces was not significantly different from the

recognition of inverted thatcherized faces (t(19) = 1.7, p = .11).

For Disgust, there was no significant effect of Condition (F1,19 = 0.3, p = .60) or

Orientation (F1,19 = 0.6, p = .45). There was also no significant interaction between

Condition * Orientation (F1,19 = 0.71, p = .41).
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For Anger, there was a significant effect of Orientation (F1,19 = 60.2, p < 0.001). The

effect of Orientation was due to an increased recognition of upright (79.1 ± 3.8) compared

to inverted (46.8 ± 4.0) images. There was no effect of Condition (F1,19 = 2.6, p = .13) and no

significant interaction between Condition * Orientation (F1,19 = 3.7, p = .07).

For Sad, there was a significant effect of Condition (F1,19 = 5.3, p < 0.05) and

Orientation (F1,19 = 153.3, p < 0.001). The effect of Condition was due to higher recognition

of normal (40.4 ± 3.8) compared to thatcherized images (34.2 ± 3.6). The effect of

Orientation was due to higher recognition in upright (58.8 ± 4.2) compared to inverted (15.8

± 3.2) images. However, there was no significant interaction between Condition *

Orientation (F1,19 = 0.9, p = .35).

To investigate the patterns of errors, a confusion matrix was generated (Fig. 5). This

shows how participants responded to different emotional expressions. The pattern of

incorrect responses was not obviously different for normal or thatcherized images. Rather,

it appears that thatcherized and inverted images had a lower number of correct responses.

For example, the correlation in correct performance between upright normal and inverted

normal was r = .80 (p < 0.001). Similarly, the correlation in correct performance between

upright normal and upright thatcherized was r = .80 (p < 0.001). Finally, the correlation

between upright thatcherized and inverted thatcherized was r = .64 (p < 0.001). Together,

this suggests that the effects of inversion and thatcherization reflect a lower number of

correct responses rather than a different pattern of response.

Reaction Time (eye region)

A 3 way ANOVA with Expression (neutral, happy, fear, disgust, anger, sad), Condition

(normal, thatcherized) and Orientation (upright, inverted) was performed on the reaction



15

times to the eye region in Experiment 2 (Table 2). There was a significant effect of Condition

(F1,2 = 31.7, p < 0.05). This was due to lower RT for normal (1403 ± 25 ms) compared to

thatcherized (1510 ± 28 ms) faces. There was no significant effect of Expression (F5,10 = 1.4,

p = .30) or Orientation (F1,2 = 1.8, p = .31). There was also no significant interaction of

Condition * Orientation (F1,2 = 0.7, p = .50), Expression * Condition (F5,10 = 1.3, p = .32) or

Expression * Orientation (F5,10 = 1.4, p = .31). The interaction between Expression *

Condition * Orientation was also not significant (F5,10 = 2.5, p = .11).

Recognition Accuracy (mouth region)

Figure 6 shows the % correct recognition for each facial expression in the mouth region. To

determine the effect of inversion and thatcherization on recognition of facial expressions,

we performed a 3 way ANOVA with Expression (neutral, happy, fear, disgust, anger, sad),

Condition (normal, thatcherized) and Orientation (upright, inverted). There were significant

effects of Expression (F5,95 = 86.4, p < 0.001), Condition (F1,19 = 98.1, p < 0.001) and

Orientation (F1,19 = 11.1, p < 0.01). There was a significant interaction of Condition *

Orientation (F1,19 = 68.4, p < 0.001). This suggests that inversion has a different effect on the

recognition of facial expression in normal and thatcherized faces. There was also a

significant interaction between Expression * Condition (F5,95 = 29.0, p < 0.001), Expression *

Orientation (F5,95 = 5.1, p < 0.01). To determine how the perception of different facial

expressions is affected by Orientation and Condition, a 2 x 2 ANOVA was performed

independently for each expression.

For neutral, there was no effect of Condition (F1,19 = 0.1, p = .33) or Orientation (F1,19

= 0.6, p = .45). However, there was a significant interaction between Condition *

Orientation (F1,19 = 9.1, p < 0.01). The significant interaction is explained by no difference in
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recognition between inverted (84.7 ± 3.3) and upright (86.1 ± 3.6) normal faces (t(19) = 0.9,

p = .38), but a higher recognition of inverted (88.3 ± 2.8) compared to upright (79.4 ± 4.9)

thatcherized faces (t(19) = 2.3, p < 0.05). Finally, the recognition of upright normal faces was

not significantly different from the recognition of inverted thatcherized faces (t(19) = -1.6, p

= .88).

For happy, there was a significant effect of Condition (F1,19 = 63.1, p < 0.001). The

effect of Condition was due to lower recognition of thatcherized (54.4 ± 7.0) compared to

normal (84.2 ± 3.0) faces. There was also an effect of Orientation (F1,19 = 0.4, p = .56) and a

significant interaction between Condition * Orientation (F1,19 = 19.9, p < 0.001). This

interaction was due to lower recognition of inverted (77.5 ± 3.8) compared to upright (90.8

± 2.2) normal faces (t(19) = 3.6, p < 0.01), but higher recognition of inverted (71.3 ± 2.7)

compared to upright (37.5 ± 11.2) thatcherized images (t(19) = 2.3, p < 0.05). Finally, the

recognition of upright normal faces was significantly higher than the recognition of inverted

thatcherized faces (t(19) = 6.3, p < 0.001).

For fear, there was no significant effect of Condition (F1,19 = 2.5, p = .13) or

Orientation (F1,19 = 1.5, p = .24). There was also no significant interaction between

Condition * Orientation (F1,19 = 3.7, p = .07).

For disgust, there was no significant effect of Condition (F1,19 = 3.6, p = .07).

However, there was a significant effect of Orientation (F1,19 = 20.5, p < 0.001) and a

significant interaction between Condition * Orientation (F1,19 = 52.8, p < 0.001). This

interaction was due to lower recognition of inverted (43.3 ± 4.2) compared to upright (71.1

± 3.7) normal images (t(19) = 7.7, p < 0.001), but no significant difference in recognition

between inverted (54.7 ± 4.8) and upright (53.9 ± 4.8) thatcherized images (t(19) = 1.8, p =
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.08). Finally, the recognition of upright normal faces was significantly higher than the

recognition of inverted thatcherized faces (t(19) = 4.2, p < 0.001).

For anger, there was a significant effect of Condition (F1,19 = 8.7, p < 0.01). The effect

of Condition was due to lower recognition of thatcherized (18.4 ± 4.2) compared to normal

(23.6 ± 4.7) faces. There was also an effect of Orientation (F1,19 = 7.7, p < 0.05) and a

significant interaction between Condition * Orientation (F1,19 = 10.4, p < 0.01). This

interaction was due to lower recognition of inverted (16.1 ± 3.9) compared to upright (31.1

± 5.5) normal images (t(19) = 3.5, p < 0.01), but no difference in recognition of inverted (21.1

± 3.9) compared to upright (15.6 ± 4.4) thatcherized images (t(19) = 1.9, p = .07). Finally, the

recognition of upright normal faces was significantly higher than the recognition of inverted

thatcherized faces (t(19) = 3.4, p < 0.05).

For sad, there was no significant effect of Condition (F1,19 = 0.9, p = .35), but there

was a significant effect of Orientation (F1,19 = 20.8, p < 0.001). The effect of Orientation was

due to lower recognition of inverted (8.4 ± 3.0) compared to upright (21.4 ± 4.7) images.

There was no significant interaction between Condition * Orientation (F1,19= 1.0, p = .32).

To investigate the patterns of errors, a confusion matrix was generated (Fig. 5). This

shows how participants responded to different emotional expressions. The pattern of

incorrect responses was not obviously different for normal or thatcherized images. Rather,

it appears that thatcherized and inverted images had a lower number of correct responses.

For example, the correlation in correct performance between upright normal and inverted

normal was r = .92 (p < 0.001). Similarly, the correlation in correct performance between

upright normal and upright thatcherized was r = .89 (p < 0.001). Finally, the correlation

between upright thatcherized and inverted thatcherized was r = .92 (p < 0.001). Together,
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this suggests that the effects of inversion and thatcherization reflect a lower number of

correct responses rather than a different pattern of response.

Reaction Time (mouth region)

A 3 way ANOVA with Expression (neutral, happy, fear, disgust, anger, sad), Condition

(normal, thatcherized) and Orientation (upright, inverted) was performed on the reaction

time data from the mouth region in Experiment 2 (Table 3). There was a significant effect of

Orientation (F1,9 = 27.3, p < 0.001). This was due to lower RT for upright (1258 ± 24 ms)

compared to inverted (1583 ± 39 ms) faces. There was an effect of Expression (F5,45 = 13.8, p

< 0.001). This was due to differences in RT across different expressions (neutral: 1049 ± 37

ms, happy: 1153 ± 37, Fear: 1731 ± 65 ms, Disgust: 1284 ± 41 ms, Anger: 1715 ± 71 ms, Sad:

1591 ± 73 ms). There was not any significant effect of Condition (F1,9 = 1.8, p = .21). There

was also no significant interaction of Condition * Orientation (F1,9 = 4.6, p = .06), Expression

* Condition (F5,45 = 1.3, p = .30) or Expression * Orientation (F5,45 = 3.0, p = .07). The

interaction between Expression * Condition * Orientation was also not significant (F5,45 =

2.9, p = .11).
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DISCUSSION

The aim of this experiment was to determine the effect of inversion on the recognition of

normal and thatcherized facial expressions. Inversion of normal faces reduced the

recognition of some facial expressions (disgust, anger, sad), but had no effect on the

recognition of other expressions (neutral, happy, fear). In contrast, local inversion of facial

features in thatcherized faces reduced the recognition of all expressions. Paradoxically,

however, there was a benefit of inversion for the majority of thatcherized expressions. For

some expressions (neutral, happy, fear), there was an improved recognition, whereas for

other expressions (disgust, anger) there was an attenuation of the inversion effect found in

normal faces. A similar pattern of results was found when only the eyes or mouth was

visible. This suggests that a disruption to configural processing does not explain the

Thatcher illusion.

A variety of behavioural evidence has shown that the perception of facial identity is

affected by the inversion of the image (Rossion and Boremanse, 2008; Valentine, 1988;

Tanaka and Farah, 1993; Tanaka and Farah, 1991; Yin, 1969). In contrast, studies of facial

expression have only reported small effects of inversion, with the recognition of some

emotions being completely unaffected (Calvo and Nummenmaa, 2008; PrKachin, 2003;

Birgit, Seidel, Kainz and Carbon, 2009; McKelvie, 1995; Fallshore and Bartholow, 2003). Our

results showed that inversion affected the recognition of some facial expressions (disgust,

anger, sad), but it had no significant effect on the recognition of other expressions (neutral,

happy, fear). The dissociation in the effect of inversion on identity and expression suggests

that different representations underpin these aspects of face processing. This is consistent

with a variety of evidence that suggests these facial attributes are processed along parallel
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processing streams (Haxby, Hoffman and Gobbini, 2000; Young and Bruce, 2011; Bruce and

Young, 2012; Harris et al., 2014).

In contrast to inversion of the whole face, the local inversion of facial features in a

thatcherized face had a marked effect on the recognition of all facial expressions. Given the

effect of inversion on normal faces, the prediction was that there should be some reduction

in the recognition of facial expressions in inverted Thatcherized faces. In contrast, we found

that there was a benefit of inversion for thatcherized faces in five of the six expressions. For

expressions that showed no effect of inversion in normal faces (neutral, happy, fear), there

was an increased recognition of inverted compared to upright thatcherized faces. On the

other hand, expressions in which there was a reduction in recognition following inversion

(disgust, anger) showed no inversion effect for thatcherized faces.

So, what explains the different effect of inversion on normal and thatcherized faces.

One possible explanation is that the orientation of the eyes and mouth in an inverted,

thatcherized face is in the correct orientation. So, if the recognition of facial expression is

based solely on the orientation of the expressive features of the face, then the features may

be more recognizable in the typical orientation. However, this explanation would predict

that the recognition of expression in inverted thatcherized images should be equivalent to

upright normal faces. The results show that recognition of facial expression for inverted,

thatcherized faces is typically lower than for upright, normal faces.

Another possible explanation for the improved recognition of facial expression in

inverted thatcherized faces could be the way that facial expression is encoded. A variety of

evidence suggests that the perception of facial expression can be based on either a

continuous (Woodworth & Schlosberg, 1954; Russell & Bullock, 1985) or a categorical
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(Darwin, 1998; Ekman, 1972) representation. In a recent study, we provided a neural

explanation for these findings by showing that a face-selective region in the posterior

superior temporal sulcus (pSTS) had a continuous representation of facial expression,

whereas the face-selective region of the amygdala had a more categorical representation of

facial expression (Harris et al., 2012). It is possible, therefore, that these representations

may be differentially affected by inversion. We provided partial support for this possibility

in a recent study in which we showed that pSTS was sensitive to the orientation of

thatcherized faces (Psalta et al., 2014). In contrast, the categorical representation of

expression in regions such as the amygdala may have a coarser scale that is less sensitive to

orientation (Vuilleumier, Armony, Driver and Dolan, 2003). For example, an increase in

contrast in the mouth region could indicate happiness, whereas an increase in contrast in

the eye region could indicate fear. Differences in the effect of inversion on each expression

may reflect differential sensitivity of the key visual information that is diagnostic of these

different facial expressions. From this perspective, the reduced recognition of facial

expression in upright thatcherized faces could result from interference between different

neural representations of facial expression. When the faces are inverted the orientation-

sensitive representation that gives rise to the grotesque expression is attenuated but the

less orientation-sensitive categorization representation of facial expression continues to be

processed.

The effect of inversion on the perception of facial expression seen in the Thatcher

illusion is widely attributed to the absence of configural processing in inverted faces

(Bartlett and Searcy, 1993; Rhodes, Brake and Atkinson, 1993; Lewis and Johnston, 1997;

Leder, Candrian, Huber and Bruce, 2001; Boutsen and Humphreys, 2003; Boutsen,
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Humphreys, Praamstra and Warbrick, 2006). To address whether the effects that we have

observed could also be explained by the configural properties of the face, we repeated the

experiment with only the mouth region or the eye region visible. If the pattern of results

can be explained by configural processing, we would expect that they would be abolished

when only the isolated features are visible and there is no configural information. However,

we found a similar interaction between the effect of inversion on normal and thatcherized

images. When only the eye region was shown, there was a significant interaction between

the effect of thatcherization and the effect of inversion for two expressions (neutral and

fear). This interaction occurred because inversion of neutral or fear faces resulted in a

reduction in the recognition of normal faces, but an increased recognition of thatcherized

faces. When only the mouth region was shown, there was a significant interaction between

the effect of thatcherization and inversion on three expressions (neutral, happy, disgust).

Inversion resulted in a reduction in recognition in normal happy faces, but an increased

recognition in thatcherized happy faces. Inversion had no effect on normal neutral faces,

but increased recognition of thatcherized neutral faces. Finally, inversion had a significant

reduction on the recognition of normal disgust faces, but had no effect on the recognition of

thatcherized disgust faces. The differences in which expressions showed an interaction

between orientation and thatcherization for the eye and mouth region reflect the relative

importance of these regions for different expressions. Indeed, overall recognition of facial

expressions also varied as a function of facial feature. For example, the recognition of fear

was more accurately recognized from the eye region, whereas disgust and happy were more

easily recognized from the mouth region.
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Our findings are consistent with recent studies showing a lack of evidence for

configural processing of upright thatcherized faces, as defined by RT-based (Donnelly et al.,

2012) and accuracy-based (Mestry et al., 2012) measures. In Experiment 2, the only cue to

the orientation of the face was the jaw line for the mouth region and the eyebrows or the

bridge of the nose for the eye region. Nevertheless, it appears that these cues are sufficient

to signal the critical orientation cues that influence our perception of the facial features.

The presence of interactions between orientation and thatcherization when only the eye or

mouth regions were shown suggests that inversion is disrupting the local coding of the

expressive features of the face. The findings suggest that the perception of facial features

can be influenced by the context in which the face is perceived. This fits with a recent study

that demonstrated how the global properties (including orientation) of natural images

(including faces) can influence feature detectors (Neri, 2011; 2014).

In conclusion, we show that the perception of facial effect of inversion on normal

faces varied for different expressions. There was a significant effect of inversion on some

expressions, but little or no effect on the recognition of other expressions. In contrast to

inversion, thatcherization of images significantly reduced recognition across all emotional

expressions. Interestingly, however, we found that inverting thatcherized images actually

improved recognition of some facial expressions. We suggest that this paradoxical

improvement in face perception with inversion may provide insights into the way that

different visual information is represented for the processing of different aspects of face

perception.
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Figure 1 Example images from Experiment 1 and Experiment 2. (A) Whole face images

showing the 6 facial expressions of emotion: neutral, happy, fear, disgust, anger, sad (left to

right). (B) and (C) show the corresponding images from the eye region and mouth region,

respectively. Images were shown in a normal (top row) or thatcherized configuration

(bottom row). Invert page for the upright view of images.
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Figure 2 Recognition of facial expression in the whole face. Normal and thatcherized images

were presented in an upright or inverted orientation. There was a significant interaction

between the orientation of the image and whether the image was normal or thatcherized.

This effect was due to lower recognition of inverted compared to upright normal faces, but

higher recognition of inverted compared to upright thatcherized faces. The p-values for the

interaction are shown for each emotional expression. Error bars represent ± standard error

across participants.
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Figure 3 Confusion matrices for the presented and perceived emotional expressions in

whole faces. The y-axis represents the expression that was presented and the x-axis

represents the expression that was reported. Correct performance is shown along the

diagonal elements, whereas errors or confusion are shown on the off-diagonal elements.

Colour bar represents accuracy in %.
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Figure 4 Recognition of facial expression in the eye region. Normal and thatcherized images

were presented in an upright or inverted orientation. There was a significant interaction

between the orientation of the image and whether the image was normal or thatcherized.

This effect was due to lower recognition of inverted compared to upright normal faces, but

higher recognition of inverted compared to upright thatcherized faces. The p-values for the

interactions are shown for each emotional expression. Error bars represent ± standard

error across participants.
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Figure 5 Confusion matrices for the presented and perceived emotional expressions in the

eye region. The y-axis represents the expression that was presented and the x-axis

represents the expression that was reported. Correct performance is shown along the

diagonal elements, whereas errors or confusion are shown on the off-diagonal elements.

Colour bar represents accuracy in %.
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Figure 6 Recognition of facial expression in the mouth region. Normal and thatcherized

images were presented in an upright or inverted orientation. There was a significant

interaction between the orientation of the image and whether the image was normal or

thatcherized. This effect was due to lower recognition of inverted compared to upright

normal faces, but higher recognition of inverted compared to upright thatcherized faces.

The p-values for the interactions are shown for each emotional expression. Error bars

represent ± standard error across participants.
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Figure 7 Confusion matrices for the presented and perceived emotional expressions in the

mouth region. The y-axis represents the expression that was presented and the x-axis

represents the expression that was reported. Correct performance is shown along the

diagonal elements, whereas errors or confusion are shown on the off-diagonal elements.

Colour bar represents accuracy in %.
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Normal Thatcherized

Upright Inverted Upright Inverted

Neutral 1257.2 ± 269.3 1470.6 ± 374.4 1401.7 ± 263.2 1475.0 ± 346.5

Happy 1219.0 ± 283.4 1427.2 ± 299.3 1430.4 ± 227.4 1527.3 ± 468.0

Fear 1477.8 ± 305.8 1662.61 ± 322.8 1544.9 ± 302.4 1659.7 ± 278.9

Disgust 1344.6 ± 333.6 1572.4 ± 289.2 1308.8 ± 299.6 1545.3 ± 309.0

Anger 1430.4 ± 298.6 1658.0 ± 315.2 1642.8 ± 357.9 1764.5 ± 299.0

Sad 1388.4 ± 281.7 1568.8 ± 282.1 1473.4 ± 298.9 1842.4 ± 533.8

Table 1 Average reaction time values for correct responses to emotional expression to the

whole face in Experiment 1.
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Normal Thatcherized

Upright Inverted Upright Inverted

Neutral 1166.1 ± 64.6 1462.8 ± 100.8 1666.4 ± 159.6 1526.2 ± 80.3

Happy 1247.9 ± 78.6 1463.1 ± 115.5 1335.9 ± 66.5 1488.5 ± 106.1

Fear 1281.7 ± 82.4 1336.2 ± 97.6 1600.7 ± 120.0 1373.9 ± 95.7

Disgust 1769.9 ± 89.8 1807.8 ± 139.9 1500.0 ± 52.2 1820.7 ± 119.5

Anger 1110.7 ± 47.0 1316.7 ± 59.5 1227.2 ± 61.6 1626.1 ± 99.1

Sad 1331.8 ± 52.0 1546.0 ± 111.3 1284.7 ± 58.8 1672.5 ± 157.4

Table 2 Average reaction time values for correct responses to emotional expression when

only the eye region of the face was visible in Experiment 2.
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Normal Thatcherized

Upright Inverted Upright Inverted

Neutral 922.1 ± 52.8 1084.0 ± 71.9 1017.6 ± 45.8 1171.6 ± 123.9

Happy 999.2 ± 42.2 1209.4 ± 92.3 1125.7 ± 66.2 1276.1 ± 96.1

Fear 1750.2 ± 124.6 1897.0 ± 132.9 1291.4 ± 90.4 1985.4 ± 172.1

Disgust 1057.3 ± 49.5 1299.0 ± 62.4 1288.1 ± 95.9 1492.7 ± 119.8

Anger 1513.5 ± 102.2 1977.6 ± 190.6 1525.8 ± 128.4 1842.6 ± 143.2

Sad 1280.5 ± 119.4 1771.2 ± 194.5 1320.9 ± 70.9 1989.7 ± 202.9

Table 3 Average reaction time values for correct responses to emotional expression when

only the mouth region of the face was visible in Experiment 2.


