
Faces are among the most important visual objects a 
person encounters, providing critical information about 
the age, gender, emotional state, intention, and identity 
of others. Evidence from a variety of methodologies sug-
gests that face perception is special, supported by dedi-
cated computational and neural processing systems (e.g., 
Farah, Wilson, Drain, & Tanaka, 1995; Goren, Sarty, 
& Wu, 1975; Kanwisher, McDermott, & Chun, 1997; 
 McCarthy, Puce, Gore, & Allison, 1997; but see Gauthier, 
Tarr, Anderson, Skudlarski, & Gore, 1999, for a different 
interpretation). An important source of behavioral evi-
dence for the special nature of face perception is the face 
inversion effect: Recognition of most visual objects suffers 
when those objects are inverted, but the inversion deficit 
is proportionally larger for faces than for other types of 
visual stimuli (Yin, 1969).

The question we consider in the present study is whether 
eye movements play any role in producing the face inver-
sion effect. Eye movements are functional in a wide variety 
of cognitive and perceptual tasks, including reading, picture 
perception, language processing, and behavioral interaction 
with the environment (Buswell, 1935; Cutting, Alliprandini, 
& Wang, 2000; Hayhoe, Shrivastava, Mruczek, & Pelz, 
2003; Land & Furneaux, 1997; Land, Mennie, & Rusted, 
1999; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 
l995; Tinker, 1946; Yarbus, 1967; see Henderson, 2003, 
2006; Henderson & Ferreira, 2004; and Rayner, 1998, for re-
cent reviews). Most research on eye movements during face 
perception has focused on face recognition (e.g., Althoff & 
Cohen, 1999; Luria & Strauss, 1978; Walker-Smith, Gale, 

& Findlay, 1977). There is considerable evidence that fixa-
tions during recognition are predominantly directed to in-
ternal facial features, particularly the eyes, nose, and mouth 
(Althoff & Cohen, 1999; Luria & Strauss, 1978; Mertens, 
Siegmund, & Grüsser, 1993; Stacey, Walker, & Underwood, 
2005). For example, Walker-Smith et al., (1977) found that 
fixations tended to be primarily directed to the eyes, nose, 
and mouth of test faces during both delayed recognition 
and simultaneous comparison tasks. Groner, Walder, and 
Groner (1984) reported that the largest proportion of tran-
sitions between three facial regions (e.g., fixating the left 
eye, the right eye, and then the nose) during face perception 
involved scanning between the two eyes. Henderson, Falk, 
Minut, Dyer, and Mahadevan (2001) observed that about 
60% of fixation time was spent on the eyes in a face recog-
nition task and that about 90% of fixation time was spent 
on the eyes, nose, and mouth.

In a recent study, Henderson, Williams, and Falk (2005) 
demonstrated that the relationship between eye move-
ments and face perception is functional. In that study, par-
ticipants were asked to learn unfamiliar faces in prepa-
ration for a later memory test. The faces were presented 
in two blocked conditions. In a free viewing condition, 
participants were allowed to move their eyes freely as 
they memorized the faces. In a restricted viewing con-
dition, participants were required to keep their eyes fix-
ated in one central position during learning. Eye move-
ments were monitored in both conditions to ensure that 
participants followed instructions, and an eye-contingent 
display change procedure was used to blank the screen if 
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participants strayed from the central position in the re-
stricted viewing condition. The faces were visible for the 
same total amount of viewing time in the two conditions. 
Following the learning session, a recognition session was 
given in which the previously learned faces were mixed 
with similar new faces, and participants were asked to dis-
tinguish old from new. The results showed a clear deficit 
for the restricted viewing condition. Accuracy rates in the 
free movement condition were 81%, but were only 52% 
when eye movements were prevented during learning. 
Henderson et al. (2005) also reported that the majority of 
fixation time was directed to the eyes, nose, and mouth 
during both face learning and recognition.

The present study was designed to investigate whether 
a similar functional relationship might exist between fixa-
tion patterns and the face inversion effect. Although pre-
vious research has demonstrated that face inversion can 
yield different event-related potentials prior to the move-
ment of the eyes (e.g., Rossion et al., 1999), the possi-
bility exists that later attention to the featural elements 
of the face—and, consequently, eye movements toward 
these features—is important to produce a face inversion 
effect. We reasoned that one consequence of inverting a 
face might be to make it more difficult to find and orient 
attention to the critical facial features for recognition: the 
eyes, nose, and mouth. If this hypothesis is correct, we 
should find relatively less fixation time on these features 
in the inverted condition than in the upright condition. 
Alternatively, the inversion effect might be unrelated to 
the specific features selected for fixation. This hypoth-
esis is consistent with the idea that the inversion effect is 
due to disruption of holistic face processing rather than to 
feature processing. If the latter hypothesis is correct, the 
same features might be fixated, whether a face is upright 
or inverted. To test these hypotheses, we had participants 
learn a set of faces during a learning session, and then 
tested face recognition for upright and inverted new and 
old faces. In Experiment 1, we compared recognition of 
our set of faces against a set of nonface objects (antique 
radios) to ensure that we could observe the standard face 
inversion effect in our paradigm. In Experiment 2, we ex-
amined eye movements during recognition for upright and 
inverted faces. To foreshadow the results, although a clear 
face inversion effect was observed, fixation patterns were 
very similar for the upright and inverted faces, suggesting 
that the inversion effect is not a consequence of the inabil-
ity to direct fixation to relevant face regions.

EXPERIMENT 1

The purpose of Experiment 1 was to ensure that we 
could observe the face inversion effect with the specific 
set of faces, the test conditions, and the display environ-
ment to be used in the eyetracking experiment. We com-
pared the inversion effect for our set of faces with a set 
of antique radios used as control objects. In the learn-
ing session, participants viewed 20 faces and 20 antique 
radios for 10 sec each. During the recognition session, 
participants viewed the learned faces and radios and 20 
new faces and radios. Two recognition conditions were 

compared: In the upright recognition condition, the faces 
and radios were displayed in the same upright orienta-
tion as in the learning session. In the inverted recogni-
tion condition, the faces and radios were displayed upside 
down. In both cases, participants were required to decide 
whether the stimulus was new or old, ignoring orienta-
tion. Sensitivity measures were compared as a function 
of orientation.

Method
Participants. Thirty-two members of the Michigan State Univer-

sity undergraduate participant pool participated in this experiment. 
All had normal or corrected-to-normal vision and received course 
credit for participation.

Stimuli. Digitized images of the faces of 40 Michigan State Uni-
versity undergraduate women, all of approximately the same age and 
of the same ethnicity, served as stimuli (see Henderson et al., 2005). 
The images, with similar neutral expressions, were obtained with 
a digital camera under similar lighting conditions. They were im-
ported into Adobe Photoshop, differences in luminance and contrast 
were equalized, and hair was edited to a uniform style. None of the 
faces had any overly distinguishing characteristics such as jewelry or 
idiosyncratic makeup. The resulting images were 400 550 pixels 
in size and subtended 7.84º of visual angle horizontally and 10.78º 
vertically at the viewing distance of 1 m, approximately equivalent 
to the size of a real face (approximately 14 cm wide) viewed from 
a distance of 1 m. The faces were embedded in an 800 600 pixel 
gray background for presentation. An example face can be found in 
Henderson et al. (2005) and in Figure 1. The stimuli were presented 
without the region boundaries and in full color.

Apparatus. The stimuli were displayed at a resolution of 800 
600 pixels  32,768 colors on an NEC Multisync XE 15-in. moni-
tor driven by a Hercules Dynamite Pro super video graphics adapter 
card.

Procedure. Participants first read a description of the experi-
ment, along with a set of instructions. They were informed that there 
were two parts to the experiment: a learning session and a recogni-
tion session. In the learning session, participants were instructed to 
study the faces and radios as carefully as possible, to prepare for the 
recognition test. The nature and difficulty of the test were explained. 
Following presentation of the 20 faces and 20 radios that were stud-
ied in learning, five full-color photographs depicting natural scenes 
were presented for study. Participants were told to memorize the 
scenes to prepare for a test that would be given at the end of the 
experiment. The scenes were included as interpolated filler material 
to provide a delay between the study and the recognition sessions for 
the faces and radios. The memory test for the scenes was not given.

In the learning session, the experimenter initiated a trial once 
the participant had fixated a marker centered on the display. A trial 
consisted of the presentation of a face or radio in the center of the 
monitor for 10 sec. Presentation of the radios and that of the faces 
were blocked and were counterbalanced, with half of the participants 
studying the radios first and the other half studying the faces first.

In the recognition session, the experimenter initiated a trial once 
the participant had fixated a marker centered on the display, and a 
face was presented in the center of the monitor until response. There 
were 40 face recognition trials, 10 (items) 2 (upright/ inverted)  
2 (old/new), and 40 radio recognition trials, 10 (items)  2 (upright/
inverted)  2 (old/new). Items and conditions were presented in 
a pseudorandom order that was blocked in the same order as the 
study session. During recognition, participants were told to decide 
as quickly and as accurately as possible whether or not the displayed 
item (face or radio) had been presented in the learning session. Par-
ticipants responded by using two buttons (old or new) on a button 
box. The entire experiment lasted approximately 45 min. The faces 
and radios were counterbalanced across conditions via a Latin-
square design, so that all faces and radios appeared in each condition 
an equal number of times across participants.
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Results and Discussion
The main purpose of Experiment 1 was to ensure that 

a typical face inversion effect can be produced with our 
stimuli and under our specific viewing conditions. Hit 
rates, false alarm rates, A  (a nonparametric signal detec-
tion measure of sensitivity), and response times (RTs) in 
the recognition session are presented in Table 1 as a func-
tion of stimulus type (face or radio) and test orientation 
(upright or inverted). We focus on A  and RT as the most 
direct and easily interpreted measures of the inversion 
effect. For A , which can be interpreted as equivalent to 
percent correct in a forced-choice procedure, there was 
a reliable interaction of stimulus type and orientation 
[F(1,31)  7.85, p  .009, MSe  0.018]. As can be seen 
in Table 1, this interaction reflected the larger inversion 
effect for faces (.20 difference for upright vs. inverted) 
than for radios (.06 difference for upright vs. inverted). 
This threefold increase in the inversion effect for faces 
over radios represents the paradigmatic face inversion 
effect. For RT, a similar reliable interaction of stimulus 
type and orientation was observed [F(1,31)  10.98, p  
.002, MSe  13,815]. As in the A  measure, the interaction 
reflected a much larger inversion effect for faces (337-
msec difference for upright vs. inverted) than for radios 
(32-msec difference for upright vs. inverted). In summary, 

we observed a strong face inversion effect for our stimuli 
and viewing conditions. We were in a position, therefore, 
to examine in Experiment 2 the relationship between eye 
movements and the face inversion effect.

EXPERIMENT 2

Experiment 2 was designed to determine whether eye 
movements differ during recognition of upright and in-
verted faces. Because of the difficulty of keeping partici-
pants on the eyetracker for an extended period of time, 
we excluded the radio condition. Following face learning, 
face orientation during recognition was manipulated and 
participants’ distributions of fixations were measured. A 
change in fixation placement as a consequence of face ori-
entation would suggest a functional relationship between 
eye movements and the face inversion effect. On the other 
hand, similar fixation patterns for upright and inverted 
faces would suggest that eye movement patterns are not 
causally related to the inversion effect.

Participants viewed 20 faces for 10 sec each during a 
learning session, and were then tested on those faces and 
20 new faces in a recognition session. Eye movements 
were recorded during both learning and recognition. Two 
recognition conditions were compared. In the upright rec-
ognition condition, the faces were displayed in the same 
orientation as in the learning session. In the inverted rec-
ognition condition, the faces were displayed upside down. 
In both cases, participants were required to decide whether 
each face was new or old, ignoring orientation. Recogni-
tion scores and fixation placement in the recognition ses-
sion were compared as functions of face orientation.

Method
Participants. Sixteen members of the Michigan State University 

undergraduate participant pool who did not participate in Experi-
ment 1 were recruited for this experiment. All had normal, uncor-
rected vision, and received course credit for participation.

Stimuli. The stimuli were the same 40 digitized images of faces 
used in Experiment 1.

Apparatus. The stimuli were displayed in the same way as in 
Experiment 1. Eye movements were monitored using a Generation 
5.5 Stanford Research Institute Dual Purkinje Image Eye Tracker 
(Crane, 1994), which has a resolution of 1 min of arc and a linear 
output over the range of the visual display used. A bite bar and fore-
head rest maintained the participant’s viewing position and distance. 
The right eye was tracked, though viewing was binocular. Signals 
were sampled from the eyetracker using the polling mode of the 

Figure 1. An example of the facial regions that were used in the 
eyetracking analyses. For the analyses discussed here, we created 
eye, ear, and cheek regions by collapsing across right and left re-
gions of each feature. The faces were presented in full color and 
the boundaries were not present in the display.

Table 1 
Results From Experiment 1

Accuracy Reaction Time*

  HR  FAR  A  Studied  New  Mean

Faces

Upright .775 .097 .900 1,297 1,366 1,331
Inverted .722 .425 .705 1,488 1,848 1,668

Radios

Upright .819 .278 .835 1,449 1,681 1,562
Inverted .712 .306 .772 1,472 1,715 1,594

Note—HR, hit rate; FAR, false alarm rate. *Correct responses in 
milliseconds.
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Data Translations DT2803 analog-to-digital converter, producing a 
sampling rate slightly faster than 1000 Hz.

Procedure. Participants first read a description of the experiment 
along with a set of instructions. A bite bar was prepared, the experi-
mental task was explained, and questions were answered. Participants 
were informed that there were two parts to the experiment: a learning 
session and a recognition session. In the learning session, participants 
were instructed to study the faces as carefully as possible to prepare 
for the recognition test. The nature and difficulty of the test was ex-
plained. Following presentation of the 20 faces that were studied, 
five full-color photographs depicting natural scenes were presented 
for study. Participants were told to memorize the scenes to prepare 
for a test that would be given at the end of the experiment. The scenes 
were again included as interpolated filler material to provide a delay 
between the study and the recognition sessions for the faces. As in 
Experiment 1, the memory test for the scenes was not given.

To calibrate the eyetracker, participants fixated a series of mark-
ers presented on the display monitor. Calibration was checked by 
displaying a fixation marker indicating the computer’s estimate of 
the current fixation position. Calibration was considered accurate 
when the estimated fixation position was within 5 min of arc of 
each of five displayed test locations, and was checked periodically 
throughout the experiment. The eyetracker was recalibrated when-
ever this criterion was not met.

Rather than starting the learning session trials with the participant 
fixated in the center of the face, as was done in Experiment 1, the 
learning trials in Experiment 2 were initiated when the participant 
was fixated on a marker on the left side of the computer screen not 
overlapping any portion of the presented face. The participant was, 
therefore, required to execute a rightward eye movement to fixate 
the features of the face. A trial consisted of the presentation of a 
face in the center of the monitor for 10 sec. Similarly, in the recogni-
tion session, the experimenter initiated a trial once the participant 
had fixated a marker on the left side of the screen, and a face was 
presented in the center of the monitor until response, or for 10 sec 
maximum. In the recognition session, there were 40 recognition tri-
als, 10 (faces)  2 (upright/inverted)  2 (old/new). Conditions 
were presented in a pseudorandom order. During recognition, par-
ticipants were told to decide as quickly and as accurately as possible 
whether or not the face had been presented in the learning session. 
Participants responded by pressing two buttons (old or new) on a 
button box. The entire experiment lasted approximately 35 min. The 
faces were counterbalanced across conditions via a Latin-square 
design, so that all faces appeared in each condition an equal number 
of times across participants.

Results and Discussion
To establish that the inverted faces were more difficult 

to identify than the upright faces in the present experi-
ment, we computed hit rates, false alarm rates, A , and RTs 
in the recognition session (see Table 2). As in Experi-
ment 1, statistical analyses focused on A  and RT. For A , 
there was a reliable .133 effect of orientation [F(1,15)  
15.69, p  .001, MSe  0.009], with inverted faces being 
more difficult to recognize than upright faces. Mean RTs 
were consistent with these results, with reliably slower 
responses, by 559 msec, for the inverted faces than for the 
upright faces [F(1,15)  20.31, p  .001, MSe  0.246].

The central question in the present study was whether 
the face inversion effect is related to changes in fixation 
placement; if so, fixation patterns should differ in the 
upright and inverted recognition conditions. We began 
by looking at mean fixation duration and mean saccade 
amplitude to determine whether there were overall differ-
ences in the ways in which the upright and inverted faces 
were viewed. The values of these measures for the old and 
new upright and inverted faces are shown in Table 3. As 
can be seen, the values for these measures were very simi-
lar across conditions. The average fixation duration was 
261 msec and did not differ by condition (F  1). Average 
saccade amplitude was 2.1º and did not differ by condition 
either [F(1,15)  1.58, p  .20, MSe  0.028].

To quantify the dispersion of eye fixations over the 
features of the faces, each face was divided into seven 
nonoverlapping rectangular regions (see Henderson et al., 
2001; Henderson et al., 2005; Minut, Mahadevan, Hen-
derson, & Dyer, 2000). These features corresponded to 
the following principal facial features: (1) eyes, (2) nose, 
(3) mouth, (4) ears, (5) chin and neck, (6) cheeks, and 
(7) forehead and top of head. The regions were uniquely 
defined for each face used in the experiment (i.e., each 
of the 40 faces used had its own facial region map; see 
Figure 1 for an example) and were the smallest rectangle 
that could completely enclose the feature. To determine 
whether the features selected for fixation differed for up-
right and inverted faces, we compared the amount of time 
spent on the seven defined facial regions in the two ori-
entation conditions. A direct comparison of fixation time 
on specific regions in the upright and inverted recognition 
sessions is problematic, because the faces were viewed 
for different amounts of time in the two conditions (see 
Table 2). To control for this difference in viewing time, but 
to still allow for comparison across conditions, fixation 
time in each region was calculated as a proportion of total 
fixation time for that trial (see Henderson et al., 2005). 
Figure 2 shows proportion of viewing time as a function 
of stimulus orientation and face region for the recognition 
session. The patterns of results were similar for the studied 
versus the new faces, with only one significant main effect 
of previously viewing the face [the mouth region, with a 
greater proportion of time being devoted to the mouth for 
new faces [F(1,15)  6.47, p  .022, MSe  0.001] and 
only one interaction between orientation and previously 
viewing the face [the cheek region, F(1,15)  6.53, p  
.022, MSe  0.001]. No other effects for the seven face 

Table 2 
Response Measures for Experiment 2

Accuracy Reaction Time*

  HR  FAR  A  Studied  New  Mean

Upright .713 .119 .875 2,010 2,020 2,015
Inverted .724 .391 .742 2,435 2,714 2,574

Note—HR, hit rate; FAR, false alarm rate. *Correct responses in 
milliseconds.

Table 3 
Global Measures of the Eye Movements 

Performed During Experiment 2

      
 

Avg. Fixation 
Duration

 
 

Avg. Saccade 
Amplitude

 
 

Old  Upright  260  2.08  
Inverted 260 2.07

New Upright 260 2.16
  Inverted 264  2.09  
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regions were reliable (Fs  1.1). Given the limited impact 
of previously viewing the face on the proportion of time 
spent in the different facial regions, we will not discuss 
this factor further here.

As can be seen in Figure 2, the proportion of fixation 
time spent on each region was remarkably similar in the 
upright and inverted conditions. Overall, the rank ordering 
of the proportion of fixation time spent over the features of 
the faces was similar across conditions, with the majority 
(over 50%) of time spent on the eyes. The nose and mouth 
received a large proportion of the remainder of the fixation 
time. This focus on the eyes, nose, and mouth replicates the 
results of Henderson et al. (2005) with this set of faces, as 
well as earlier studies cited in the introduction. This analy-
sis once again shows the dominance of the eyes as an im-
portant feature for both face learning and recognition.

There was a hint in the data that proportionally less fixa-
tion time was spent on the nose and more on the mouth 
in the inverted than in the upright recognition conditions, 
but these effects were small, not statistically reliable, and 
within the amount of variation typically observed with 
these stimuli (Henderson et al., 2005). As a liberal test of 
these data, we compared the mean proportion of total time 
in each region as a function of inversion in the recognition 
session uncorrected for the dependencies in the data and 
without correction for the inflated Type I error rate. None 
of these analyses showed significant differences: for the 
eye, chin, and cheek regions (Fs  1); for the nose region 
[F(1,15)  2.13, p  .15, MSe  0.022]; for the mouth 
region [F(1,15)  2.72, p  .10, MSe  0.008]; for the ear 
region [F(1,15)  1.87, p  .15, MSe  0.001]; and for the 
forehead region [F(1,15)  1.68, p  .20, MSe  0.001].

We also examined several other measures of the distri-
bution of fixations over faces, including the proportion of 
the number of fixations in each region and the probability 
of entering each region. Both of these analyses mirrored 
those from the fixation time analysis. As can be seen in 

Figure 3, the proportions of fixations during the recog-
nition test for the upright and inverted conditions were 
extremely similar, and there were no main effects of orien-
tation for any of the facial regions [nose region, F(1,15)  
2.14, p  .15, MSe  0.021; mouth region, F(1,15)  
1.32, p  .20, MSe  0.008; forehead region, F(1,15)  
1.89, p  .15, MSe  0.009; all other regions, Fs  1].

A similar pattern was found for the mean proportion of 
trials, in which each feature region was fixated at least once 
per face. As can be seen in Figure 4, on almost every trial 
participants fixated the eyes and most participants fixated 
the nose and mouth. The forehead also received a relatively 
high proportion of fixations. The heavy emphasis on these 
features is similar to the data observed in our earlier learn-
ing study (Henderson et al., 2005), as well as in studies of 
eye movements during recognition (Groner et al., 1984; 
Henderson et al., 2001; Henderson et al., 2005; Walker-
Smith et al., 1977). The only significant effect of face ori-
entation on the proportion of regions viewed was on the 
mouth region [F(1,15)  4.78, p  .045, MSe  0.095], 
with that region being viewed on a greater proportion of 
trials when the face was inverted. For all other regions, the 
orientation of the face had no effect on the likelihood of 
viewing the feature [eye region, F(1,15)  2.26, p  .15, 
MSe  0.037; ear region, F(1,15)  1.12, p  .20, MSe  
0.011; forehead region, F(1,15)  1.33, p  .20, MSe  
0.062; all other regions, Fs  1].1

The previous analyses indicate that the viewing patterns 
of the facial regions across an entire trial were similar for 
the upright and inverted faces. We also examined whether 
orientation affected the scan pattern within a trial. In order 
to accomplish this analysis, we analyzed by ordinal fixa-
tion the proportion of fixations targeted to a facial region 
for both upright and inverted faces during the recognition 
test. Because the test stimuli were terminated by the par-
ticipant when he or she made a decision, we could only 
analyze fixations 2–7 (starting with the second fixation, 

Figure 2. Proportion of total time spent on each facial feature for each orientation 
during the recognition test of Experiment 2. Error bars represent the standard errors 
of the means.
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since the first fixation was to the left of the face), creating 
a 2 (orientation)  7 (facial region)  6 (ordinal fixation) 
interaction analysis. Additionally, in one condition, one 
participant did not make six fixations on the face, and 
thus was removed from this analysis. Critically, we found 
no interaction of orientation in the likelihood of fixating 
facial regions across the ordinal fixations (F  1), indi-
cating that across the trial the upright and inverted faces 
are viewed similarly (see Table 4). Overall, these analyses 
indicate that eye movements differ little when upright and 
inverted faces are recognized.

Finally, we examined the mean proportion of the total 
amount of time each feature was fixated in the learning 

phase and in the recognition session for the four types of 
stimuli (upright and inverted new and old faces). In our 
prior study, we found very similar eye movements dur-
ing learning and recognition. Mean fixation duration was 
321 msec, and mean saccade length was 1.89º during 
learning. These values are similar to those of 318 msec 
and 2.09º reported by Henderson et al. (2005) for learn-
ing these same faces. As shown in Figure 5, participants 
devoted the majority (over 50%) of fixation time to the 
eyes. Figure 6 shows a typical scan pattern of fixations 
and saccades made on a single face by a single partici-
pant during the learning session. It is also clear from the 
pattern in Figure 5 that the distribution of fixation time 

Figure 3. Proportion of fixations on each facial feature for each orientation during 
the recognition test of Experiment 2. Error bars represent the standard errors of the 
means.
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Figure 4. Proportion of trials on which each facial feature was viewed for each orien-
tation during the recognition test of Experiment 2. Error bars represent the standard 
errors of the means.
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across the facial features was very similar in learning and 
recognition, regardless of orientation; that is, the distribu-
tion of fixation time did not become more restricted from 
learning to recognition as has been reported previously 
[interaction of facial region and learning and recognition 
condition, [F(24,360)  1.14, p  .20, MSe  0.005].

GENERAL DISCUSSION

The present study was designed to determine whether 
a functional relationship exists between eye movements 
during face recognition and the face inversion effect. Par-
ticipants first learned a set of faces, and then were asked 
to recognize those faces in either an upright or an inverted 

orientation. In Experiment 1, a clear face inversion effect 
was found for learned faces versus another learned set 
of relatively homogeneous objects. In Experiment 2, eye 
movements were recorded during both learning and rec-
ognition of the faces. Participants focused most of their 
fixations on the main features of the faces—eyes, nose, 
and mouth—during both learning and recognition. Fur-
thermore, though inverted faces were again more difficult 
to recognize than were upright faces, fixation time was 
distributed over the same set of features during learning 
and recognition and during recognition of upright and 
inverted faces. This represents the first direct evidence 
that patterns of eye fixations are unrelated to the face 
inversion effect.

Figure 5. Proportion of total time spent on each facial feature for the learning ses-
sion and each condition during the recognition test of Experiment 2. Error bars rep-
resent the standard errors of the means.
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Table 4 
Scan Pattern Data

Ordinal Fixation

2 3 4 5 6 7

  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE

Upright Faces

Eyes .62 .10 .60 .10 .42 .07 .46 .06 .52 .07 .53 .06
Nose .23 .06 .25 .08 .28 .07 .21 .06 .18 .04 .18 .04
Mouth .08 .04 .10 .04 .22 .06 .15 .03 .15 .03 .08 .03
Ears .00 .00 .00 .00 .01 .01 .03 .02 .01 .00 .03 .02
Chin .01 .01 .03 .02 .02 .01 .01 .00 .04 .03 .04 .03
Cheek .05 .03 .01 .01 .01 .01 .03 .02 .02 .01 .00 .00
Forehead .00 .00 .00 .00 .03 .01 .08 .02 .08 .04 .10 .02

Inverted Faces

Eyes .69 .07 .69 .07 .50 .06 .47 .04 .53 .04 .45 .06
Nose .24 .07 .14 .04 .18 .04 .15 .03 .12 .04 .13 .04
Mouth .02 .01 .10 .04 .20 .04 .21 .04 .13 .03 .19 .03
Ears .00 .00 .00 .00 .00 .00 .00 .00 .01 .01 .02 .02
Chin .00 .00 .00 .00 .01 .01 .01 .01 .02 .01 .03 .01
Cheek .02 .02 .03 .02 .02 .01 .02 .01 .04 .02 .02 .01
Forehead .01 .01 .05 .04 .08 .03 .11 .03 .14 .04 .15 .04

Note—The data in the table are the proportions of fixations, with standard errors, devoted to 
the individual features for upright and inverted faces during the recognition test. Fixations start 
with the second fixation on the face, because the first fixation was to the left of the face.
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If faces are processed holistically, what role might eye 
movements play in the learning process? One possibility 
is that initial encoding of relations among features ben-
efits from foveal analysis. For example, determining the 
distance between the eyes in a face, or the relationship 
between the distance between the eyes in a particular face 
and the average distance between eyes in faces in general 
(i.e., second-order relations), may benefit from fixation 
on, or near, those features. A second possibility is that the 
eye movements themselves are functional in determin-
ing relations among features. For example, the length of 
a saccade between two eyes provides direct information 
about the distance between those eyes. A third possibility 
is that encoding of specific feature detail during learning 
is important for achieving a high level of recognition per-
formance for faces that are not highly overlearned.

Alternatively, Sekuler, Gaspar, Gold, and Bennett 
(2004) have claimed that processing differences for in-
verted and upright faces relate to the efficiency of the ex-
traction of information rather than to a qualitative differ-
ence in the processing strategy. Our results indicating that 
there are no differences in the eye movement patterns do 
not provide evidence for a difference in the efficiency of 
extraction of information for upright and inverted faces. 
However, Sekuler et al. did find that the same areas of 
the face were used in their face discrimination task for 
both upright and inverted faces. Similarly, we found that 
the same parts of the face were viewed regardless of the 
face’s orientation. Additional studies will be required to 
tease these possibilities apart. In any case, it is clear that 
the information used to encode faces, whether it is holistic 
or not, is not simply derived from low-spatial frequency 
analysis taking place solely outside of foveal vision.

This study also provides additional information 
concerning two related issues. First, in contrast to Yar-
bus (1967), but consistent with other more recent eye-
 movement studies of face processing (e.g., Althoff & 
Cohen, 1999; Henderson et al., 2001; Henderson et al., 
2005; Walker-Smith et al., 1977), we found that fixation 
was directed predominantly to internal facial features dur-
ing recognition. The present study extends these results 
to both old and new inverted faces during recognition. 
Second, Althoff and Cohen (1999) reported a greater con-
centration of feature selection on fewer critical features 
in face recognition than in face learning. Henderson 
et al. (2005) found a similar pattern in their study of the 
functional role of eye movements during learning, with 
proportionally more concentration of fixation time on 
the critical features during recognition than during learn-
ing. However, contrary to the idea that this restriction in 
feature selection is due to prior exposure and therefore 
familiarity with the older faces, Henderson et al. (2005) 
found a similar concentration of time on the critical fea-
tures in the recognition session for both the previously 
learned and the new distractor faces, suggesting that the 
concentration of feature selection was a task effect rather 
than a familiarity effect. In the present study, we found 
no change in the concentration of fixation time on the 
critical features from learning to recognition for either 
old or new faces, whether they were upright or inverted. 
Together, the results suggest that there is no necessary 
relationship between the degree of feature sampling and 
face familiarity, contrary to Althoff and Cohen (1999). 
Although this change in fixation concentration can be 
found, it is not necessary, and so does not invariably index 
familiarity during the recognition processes.

Figure 6. An example scan pattern for one participant on one face during the learn-
ing session. The circles represent the location of the fixations and the diameter of the 
circle is proportional to the fixation duration for that fixation.
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NOTE

1. As a further evaluation of the patterns of eye movements, we also 
examined the interaction of the facial region with the facial orientation 
for the three measures discussed. The results of these analyses indicate 
no difference in the patterns of the fixations for the proportion of fixa-
tion time (F  1), the proportion of fixations (F  1), and the proportion 
of facial regions entered [F(6,90)  1.46, p  .20, MSe  .052]. Al-
though the overall interactions were not significant, limiting the analysis 
to only the nose and mouth regions, we found interactions of orientation 
and facial regions for the proportion of fixations time [F(1,15)  5.70, 
p  .03, MSe  .012], proportion of fixations [F(1,15)  4.85, p  .04, 
MSe  .010], and proportion of facial regions entered [F(1,15)  5.44, 
p  .03, MSe  .075]. Inverting a face appears to decrease the likelihood 
of fixating the nose region while simultaneously increasing the likeli-
hood of fixating the mouth region. The finding of increased viewing of 
the mouth cannot be attributed to the possibility that the mouth region of 
the inverted faces occupies the location of the eyes on an upright face. 
In fact, both the nose and mouth regions tend to overlap with the area 
occupied by the forehead region when the face is upright. Because this 
comparison was one of 21 possible post hoc pairwise comparisons for 
the different facial regions, it is important to treat the finding of a differ-
ence with caution, and to view any explanation as speculative; however, 
this pattern could indicate that the relative importance of these regions 
is changed when the face is inverted. When the faces were inverted, the 
proportion of total time and proportion of fixations were both equivalent 
for the nose and the mouth regions. As can be seen in Table 4, the main 
difference between the upright and the inverted faces is that within the 
first 7 fixations in the trial, participants look less at the nose region; there 
is no dramatic increase in viewing the mouth region. Thus, the increase 
in the viewing of the mouth region must occur when the inverted face 
is viewed for a relatively longer period of time. Overall, because we 
found no overall difference in the pattern of viewing upright and inverted 
faces, it is important to view this particular interaction with caution, but 
it could indicate that there is a subtle alteration of the viewing pattern 
when a face is inverted.

(Manuscript received July 25, 2006; 
revision accepted for publication February 8, 2007.)
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