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PURPOSE. Individuals with low vision often experience difficulties in performing tasks of daily
living, such as face perception. This leads them to having difficulties with social interactions,
as they can no longer correctly perceive the emotion of others. The present study investigated
the effects of magnification on face perception in participants with age-related macular
degeneration (AMD), and their ability to detect and categorize emotions. It was hypothesized
that patients with AMD would be less accurate in comparison to healthy controls, but that
magnification would improve their performance to that of controls.
METHODS. Faces containing happy, angry, or neutral emotion were both doubled (equivalent of
arm’s length distance) and decreased by half in size (equivalent of across the street). The
ability to detect and to discriminate emotional content was compared between 20 AMD
patients and 7 age-matched controls. Eye movements were recorded while conducting both
tasks.
RESULTS. Regardless of stimulus size, when compared to controls, we observed that individuals
with AMD consistently performed with lower accuracy in both emotion detection and
categorization tasks. Moreover, having images undergo a 2-fold increase in size did improve
performance, but did not equate AMD participants’ performance to that of the controls in
either the emotion detection or categorization task. Eye movements in AMD participants were
highly variable in position compared to controls.
CONCLUSIONS. The data suggest that magnification alone does not appear to be the answer for
improving emotion perception within individuals with low vision. Next steps should include
an evaluation of the effects of viewing strategy.
Keywords: low vision, face perception, emotion perception, age-related macular
degeneration, eye movements

ge-related declines in vision are becoming more common,
with the most frequent cause of central vision loss being
age-related macular degeneration (AMD).1 Central vision plays
an important role when performing activities of daily living
such as reading, driving, perceiving objects, and perceiving
faces. Thus, most individuals with AMD have difficulty with
these types of tasks.2–4 While most research into the functional
consequences of AMD has investigated its effect on reading
performance,4 little research has focused on other tasks such as
face perception. Therefore in the current study, our goal was to
investigate how individuals with AMD perform in a face
perception task, and investigate if task performance could be
improved through the use of magnification, a common
technique employed in rehabilitation centers to improve
performance in reading.
When asked to identify all of the problems that they
encounter in their daily lives, patients with AMD report having
difficulty with distinguishing faces across the street (60%),
across a room (45%–54%), and at arm’s length (30%) (Johnson
AP, et al. IOVS 2012;53:ARVO E-Abstract 4386).5 Of the 619
individuals with low vision in the Montreal Barriers Study,6 44%
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indicated that they experienced moderate to severe problems
recognizing faces.7 Elsewhere, researchers have reported that
57% of individuals with AMD find that conversations are
difficult, with most participants stating that this is due to the
difficulty in perceiving emotion in others.8 Therefore, the effect
of central vision loss on face perception is an established
problem. Most of the initial studies reported a strong
correlation between difficulty in face recognition and loss of
visual acuity and/or contrast sensitivity.3,9 In an attempt to
explain this correlation, Peli and colleagues10 were among the
first report that there is a critical range of frequencies that must
be perceived in order to accomplish face recognition.11–13 To
demonstrate their point, they presented images containing
faces of different celebrities with varying amount of low-pass
Gaussian blur to normally sighted and AMD participants, asking
them to identify each individual. When visual acuity was poor,
either due to the presence of AMD or due to the reduction in
the images’ resolution with blur, task performance was poor as
well. These data indicated that, in order to perceive a face, the
image representing it must lie in a range of critical frequencies.
When perception of these frequencies is lost, because of the
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presence of either AMD or blur, participants experience great
difficulty in face perception.10,14 Research in healthy adults has
also shown that, in order to optimally identify an individual
face, participants ideally have enough spatial resolution to
detect the facial features such as the eyes and mouth.14,15
Besides face identification, others have proposed the use of
emotion recognition and categorization to study face perception.16–18 Facial emotion recognition is thought to use many of
the same processes as face perception as a viewer must
concentrate on the eye and mouth regions of the face.16,19,20
These are the regions that are most frequently fixated in a face
perception task by participants from Western cultures,21 and
provide the necessary information required to identify a face.22
Boucart and colleagues23 introduced the concept of using an
emotion recognition and detection task to test face perception
in patients. Their study consisted of two experiments whereby,
in the first task, participants were presented with a face on a
screen and were asked to indicate whether or not the face
expressed an emotion. In the second experiment, participants
were again presented with a face on a screen, but this time
were asked to categorize the emotion depicted as either
‘‘happy,’’ ‘‘neutral,’’ or ‘‘angry.’’ The authors found that while
participants could not detect the presence or absence of
emotions, they were able to categorize them more successfully
than by chance alone.23 The researchers explained this finding
by claiming that in order to detect the presence of an emotion,
participants use high spatial frequency information in the face,
such as contours around the mouth and eyes. Conversely, to
categorize an expression as happy or sad, low spatial
frequency information is required. It was thought that the
turning up (or down) of the mouth—thus classifying the
emotion—would be most visible in the low spatial frequency
content of the face. Therefore, the authors argued that
participants experience difficulties when detecting the presence of emotions because people affected by AMD have poor
high spatial frequency acuity due to the loss of foveal vision,
but relatively intact low spatial frequency perception through
their fully functioning periphery.
If Boucart and colleagues23 were accurate, then increasing
the availability of low spatial frequency content by increasing
the image size should result in the categorization of emotions
becoming easier for individuals with AMD. In research
involving young adults, Melmoth and colleagues24 demonstrated that fovea-like performance could be attained in the
periphery by doubling the size and contrast of a face. Thus,
face perception in the periphery was improved through
stimulus magnification and increase in contrast. Current
rehabilitation techniques designed to improve reading performance in patients with AMD involve magnification of the
image as a coping strategy aimed at improving their functional
vision.4,25 In the present study, our goal was to use a technique
similar to Boucart and colleagues23 in order to investigate the
effect of magnification on face perception in participants with
AMD. Our first hypothesis was that individuals with AMD
would be less accurate in comparison to controls across all
conditions. Our second hypothesis was that increasing the size
of the face would improve performance in both face emotion
detection and classification tasks.

METHODS
Participants
Twenty patients diagnosed with AMD were recruited from the
MAB-Mackay Rehabilitation Centre, and either were receiving
or had recently received vision rehabilitation services (see
Table 1 for demographic breakdown). Their Early Treatment

Downloaded from jov.arvojournals.org on 08/16/2022

TABLE 1. Participant Characteristics and Descriptive Statistics of the
Two Samples (AMD, Controls)
Participants

Age,
y

Sex

Diagnosis,
AMD Type

Patients
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
Mean
SD

88
94
92
68
77
85
86
89
75
84
80
83
79
82
85
69
80
87
82
81
82.3
6.67

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female

Atrophic
Unspecified
Unspecified
Atrophic
Unspecified
Atrophic
Unspecified
Exudative
Exudative
Unspecified
Unspecified
Atrophic
Atrophic
Exudative
Unspecified
Atrophic
Atrophic
Atrophic
Atrophic
Exudative

89
79
80
67
73
73
68
75.57
6.93

Male
Female
Female
Female
Female
Female
Female

VA

0.71
0.55
1
0.26
0.55
0.83
0.72
0.69
0.9
0.58
0.53
0.4
0.69
0.49
0.3
0.75
0.25
0.44
0.78
0.7
0.6
0.21

Controls
C1
C2
C3
C4
C5
C6
C7
Mean
SD

0.07
0.19
0.1
0.07
0
0.09
0.22
0.04
0.12

VA, visual acuity in the better eye (logMAR).

Diabetic Retinopathy Study (ETDRS) acuity in their better eye
was at least 0.8 logMAR (20/126 or 6/38). Seven age-matched
control participants with normal or corrected vision (acuities
of at least 0.3 logMAR [20/40 or 6/12], with the use of standard
refraction, glasses or contact lenses, if applicable) were
recruited through participants’ spouses or from individuals
known to the research team. All participants provided
informed consent, with the procedures of the experiment
approved by the ethics review board at the Centre de
recherche interdisciplinaire en réadaptation de Montréal
métropolitaine, in accordance with the Declaration of Helsinki.26

Materials
All stimuli were presented on a Windows PC (Dell, Round
Rock, TX, USA) with a 21-inch Viewsonic G225f Monitor
(screen resolution: 1280 by 1024 pixels; refresh rate: 100 Hz;
Walnut, CA, USA), using a custom Mathworks MATLAB (version
2012b; The Mathworks, Natick, MA, USA) code implementing
the Psychophysics toolbox extensions.27,28 Eye movements
were monitored using a video-based eye tracker (S2; Mirametrix, Montreal, QC, Canada), with a 60-Hz binocular gaze
sampling. Sample data (time stamp and current gaze X- and Ycoordinates) were recorded directly into the MATLAB program
for offline analysis.

IOVS j May 2017 j Vol. 58 j No. 5 j 2522

Emotion Perception in AMD
For the emotion face stimuli, 360 images depicting male
and female faces were taken from the NimStim Database
(http://www.macbrain.org/resources.htm; in the public domain). The faces represented a mix of races, age, and hair
color and style. All faces expressed one of two emotions
(happy, angry) or had no expressed emotion (neutral) with
mouth open or closed. Images were converted to grayscale
using the rgb2gray function in MATLAB to remove color cues.
The original stimulus size of 506 by 625 pixels (16.98 by 20.88
of visual angle/dva) was also manipulated, with images having
a 2-fold decrease (253 by 313 pixels, or 8.4 by 10.4 dva) and
increase (1012 by 1250 pixels, or 33.7 by 43.7 dva) in size
using the imresize function in MATLAB, implementing
nearest-neighbor interpolation. All sizes refer to whole head
(i.e., top of hair to bottom of chin), and proportionately
reflect the size of a face during a conversation, when viewing
across a room, and across a street. These size categories are
often assessed by clinical screening questionnaires (e.g.,
Visual Function Index VF-14).5,8
Montreal Cognitive Assessment questionnaire (MoCA): To
control for participants’ cognitive health, participants completed the MoCA blind.29 The MoCA shows good internal
consistency (Cronbach a ¼ 0.84),30 and high test–retest
reliability (r ¼ 0.79).31 All participants scored >18 (the cutoff
requirement for the blind MoCA).

Data Analysis
In order to test the hypotheses, accuracy data (i.e., percent
correct) for both emotion detection and categorization were
analyzed separately. Because the experimenter was encoding
the participant’s response, reaction time data were not
analyzed. Due to the sample size, data were analyzed with
descriptive statistics (mean, standard deviations, 95% confidence intervals around the mean, and Glass’s D as an effect size
measure). Note that Glass’s D is the appropriate effect size
measure when comparing two groups with sample sizes and
variance, and where one group is the control. Glass’s D gives a
range of an effect size (min  max) reflecting the variance of
each group.

Eye Tracking Analysis
In an attempt to explain patterns within the data, and to verify
Boucart et al.’s33 predictions that participants would focus on
the eye and mouth regions, gaze position sample data were
collected. Researchers illustrate their results on face processing in the form of heat maps22 or by marking the image with a
cross to indicate fixation location.34 Here we generated a heat
map by convolving each fixation position with a kernel density
estimation function, whose r equaled 0.58.

Procedure

RESULTS

Participants were identified through the archives at the MABMackay Rehabilitation Centre, contacted via telephone, and
invited to take part in the study. When participants arrived for
the testing session, informed written consent was obtained and
they were placed at a 70-cm distance from the computer
monitor, with distance maintained via a chin rest. This was
followed by the Freiburg Visual Acuity test32 to assess acuity
and contrast sensitivity on the day of testing (see Table 1). The
eye tracker was binocularly calibrated whereby participants
had to follow a moving circle on the computer screen. Circle
diameter started at 12 dva and was reduced over a period of 5
seconds. Participants were instructed to keep the circle
centered at the center of their vision, and calibration was
repeated until the average value was less than 1 dva and the
maximum error was less than 1.5 dva.
Before starting the combined emotion recognition/detection task, participants were presented with written and audio
instruction, and were informed to respond as accurately as
possible. A total of 360 images, representing 10 male and
female faces, were shown at three different image sizes. To
start a trial, the participant fixated a cross (height and width
of 5 dva), and then the researcher pressed the spacebar. Faces
were presented on the screen over a uniform gray background in random order. Participants were required to
verbalize whether or not the presented face contained an
emotion. If not, a new trial began; however, if yes, a screen
containing the text ‘‘Happy or Angry’’ and an audio recording
of the same instructions cued participants to verbally indicate
which emotion they thought was present. The researcher
entered the response, after which the screen blanked to a
uniform gray for 1 second before the start of the next trial.
During the entire test, participants’ eye movements were
recorded using a noninvasive eye tracker. Participants were
allowed to take breaks at any time between any of the tasks
mentioned above, but were recalibrated if they moved from
the chair. Participants had the choice of receiving either a
monetary compensation of $10.00 per hour or an annual
membership to an adapted transport service for persons with
disabilities.

Emotion Detection and Recognition Task
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To examine whether AMD patients would perform worse than
controls in the detection and categorization of emotion tasks,
the data were compared at each magnification level (see Fig. 1;
Table 2 for details). For the 25%, 50%, and 100% image size
condition, in comparison to controls, AMD patients’ mean
performance in the accuracy task (F[1,25] ¼ 6.83 3 1017, P <
0.001, g2 ¼ 1), as well as the categorization task (F[1,25] ¼ 2.37 3
1017, P < 0.001, g2 ¼ 1), was below that of controls,
supporting the first hypothesis. Our second hypothesis was
that magnification would improve the performance within
individuals with AMD, on both stimulus detection and
categorization (see Table 2 for details). Scores on the emotion
detection task at 25% of the stimulus size were statistically
significantly lower than at the 50% and 100% sizes (F[2,38] ¼
15.72, P < 0.001, g2 ¼ 0.453; see Table 3 for post hoc
comparisons). Even this increase in the size of the faces from
25% (10.4 dva) to 5% (20.8 dva) and 100% (43.7 dva) failed to
match the controls’ detection accuracy at 25% image size (10.4
dva, all P > 0.05).
However, when detecting emotions at 100% of the images’
size, patients performed worse than when viewing images at
50% of their size. For the emotion categorization task, when
viewing images at 50% as well as 100% of their size, patients
performed more poorly than when they viewed them at 25% of
their size (F[2,38] ¼ 9.69, P < 0.001, g2 ¼ 0.338). However,
when viewing the stimulus at 100%, AMD patients’ performance was similar to that when the stimulus size was 50%.
Therefore, our second hypothesis that magnification improves
the performance in individuals with AMD was only partially
supported, as magnification helped improve performance only
at the smallest image size.

Eye Gaze Fixations While Viewing Faces
To visualize the pattern of fixations in viewing the face during
the emotion task, heat maps were calculated using the kernel
density estimation function based on the initial starting
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FIGURE 1. Accuracy in the emotion detection class across the three image sizes for participants with AMD and controls. Results for the emotion
classification task were similar (see Table 2).

coordinate of each fixation made on each face. Figure 2 shows
the reflect probability of fixating the locations within each
face, with hotter colors (red/yellow) indicating a higher
likelihood of fixating a facial feature. In the age-matched
control participants (example shown in Fig. 2A), a pattern of
fixation typical for young individuals was observed,16,19,20 with
fixations located primarily on the eye and mouth regions.
However, a different pattern of fixations with two different
strategies was observed for individuals with AMD. Fourteen of
the AMD participants showed the pattern of fixations observed
within Figure 2B. Fixation locations appear to be random, with
no discernable pattern of fixations located over the eye and
mouth. This pattern is similar to the sample-based eye
movement patterns that have been observed by others in
AMD clients while viewing faces within an OCT/SLO.34 This

goes against the prediction of Boucart and colleagues,33 who
proposed that individuals with AMD would focus on the low
spatial frequencies contained in the mouth region when
performing the emotion categorization task. Six of the present
participants with AMD, however, showed a pattern of eye
movements that differed from this scattered approach (Fig.
2C). Here, the eye movements show a similar T-shaped pattern
as our age-matched controls (Fig. 2A), but instead of the
pattern being located over the eye and mouth region, they
display the same pattern shifted away from the eye/mouth
region. Mouth position (i.e., open or closed) had no effect on
this pattern of eye movements. This result, whereby the
individuals are demonstrating a more stable ocular motor
control than the other participants, could be indicative of the
participant using a new location on the retina to serve as a

TABLE 2. Proportion of Emotion Detection and Categorization Scores as a Function of Image Magnification Across AMD and Control Participants.
Glass’s D Indicates the Range of Effect Sizes for Each Pairwise Comparison.
Emotion Detection, % Correct
Image
Magnification
%
25
50
100

AMD
M

s

66.31
82.39
85.11

24.98
11.39
12.03

Control
CI
55.37
77.60
79.84

77.26
87.59
90.38

M

s

97.20
98.39
97.43

2.13
2.21
1.16

CI
95.62
96.76
96.57

Glass’s D
98.78
100.03
98.28

1.24
1.39
1.02

14.47
7.15
10.65

Emotion Categorization, % Correct
Image
Magnification
%
25
50
100

AMD
M

s

55.41
75.51
79.69

31.54
25.60
21.76

Control
CI
41.59
64.29
70.16

69.23
86.73
89.23

M, mean; s, standard deviation; CI, 95% confidence interval.

Downloaded from jov.arvojournals.org on 08/16/2022

M

s

97.68
98.54
97.59

1.92
1.12
2.14

CI
96.25
97.71
96.00

Glass’s D
99.10
99.37
99.18

1.34
0.89
0.82

21.99
20.59
8.34
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TABLE 3. Proportion of Emotion Detection and Categorization Scores Comparing Magnification Sizes for AMD Participants Only
Emotion Detection, % Correct
Image
Magnification
%
50 vs. 25
100 vs. 25
100 vs. 50

AMD
M

s

82.39
85.11
85.11

11.39
12.03
12.03

Control
CI
77.60
79.84
79.84

87.59
90.38
90.38

M

s

CI

66.31
66.31
82.39

24.98
24.98
11.39

55.37
55.37
77.60

Glass’s D
77.26
77.26
87.59

0.65
0.75
0.21

1.43
1.56
0.22

Emotion Categorization, % Correct
Image
Magnification
%
50 vs. 25
100 vs. 25
100 vs. 50

AMD
M

s

75.51
79.69
79.69

25.60
21.76
21.76

Control
CI
64.29
70.16
70.16

86.73
89.23
89.23

M

s

55.41
55.41
75.51

31.54
31.54
25.60

CI
41.59
41.59
64.29

Glass’s D
69.23
69.23
86.73

0.63
0.77
0.19

0.79
1.12
0.16

M, mean; s, standard deviation; CI, 95% confidence interval.

pseudofovea (or a preferred retinal location) for facial feature
processing.

DISCUSSION
The goal of the present study was to examine whether
magnification helps patients with AMD to improve their ability
to detect and categorize facial stimuli. Our results indicate that
participants with AMD performed more poorly than those in
the control group in all conditions. More specifically, healthy
observers were always more accurate at the detection and
categorization of emotional faces when the image was kept at
its original size (equivalent of viewing across the street), was
doubled in size (equivalent of viewing across a room), or was
quadrupled in size (equivalent of viewing at arm’s length). In
addition, magnification helped improve performance within
participants affected by AMD only for small image sizes.

FIGURE 2. Example heat maps of fixation position while viewing the
face, generated by kernel density estimation, whereby hot colors
represent higher probability of image region being fixated. (A) Agematched control participant shows typical T-shape fixations around eye
and mouth region, (B) two individuals with AMD showing no
discernable fixation pattern, (C) two individuals with AMD showing
a similar pattern of fixations to the control, but shifted away from the
eye/mouth locations.
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Looking at the data, a trend depicting improvement was seen,
whereby with increasing magnification, performance slowly
improved. Therefore, it can be supposed that if magnification
is increased to 8 or 16 times the original, improvement among
this group might be observed.
Supporting our first hypothesis, one of our main findings
was that we obtained a difference in performance between
AMD patients and controls for both the emotion detection and
categorization tasks. More specifically, for all image size
conditions, AMD patients’ mean performance accuracy was
below that of the controls. In accordance with previous
research in depicting the clear distinctions between visual
capabilities of people affected by AMD and healthy controls,8,34,35 we were able to demonstrate that AMD patients can
perform both detection and categorization tasks with similar
accuracy. Participants detected the presence of an emotion and
categorized it as angry, neutral, or happy equivalently well. We
believe that this disparity between our result and that of
Boucart et al.23 is methodological in nature, as they argued that
high spatial frequencies in central vision are crucial for
detecting the presence of an expression while low spatial
frequencies allow for the execution of highly detailed tasks
such as categorization of emotions. Their participants were
required to perform only one of the two tasks, which is
problematic because in order to categorize an emotion, one
must be able to perceive it first. In the present study, both
emotion detection and categorization were incorporated into a
single task, hence ensuring that all participants performed both
tasks in sequence.
With regard to the second hypotheses, the results only
partially supported the claim that magnification of facial stimuli
would improve AMD patients’ performance. The mean
performance accuracy was compared for a 2-fold (i.e., from
25% to 50%) and a 4-fold (i.e., from 25% to 100%) increase in
stimulus size. Such increases were chosen in accordance to
Melmoth and colleagues’ study36 where it was shown that face
perception similar to that of the fovea in healthy young adults
could be attained in the periphery with a 2-fold increase of the
stimulus. Given that AMD patients are left with only peripheral
vision, it was tested whether doubling the image size would
improve emotion detection and categorization performance;
however, this was not the case. In a study by Johnson and
Gurnsey,37 the authors noted that magnification of the image in
the periphery might cause it to be so large that it is partly
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within the bounds of central vision. Hence, the increased
accuracy reported by Melmoth et al.24 could be due to the
recruitment of central vision rather than the increase in image
size per se. AMD patients lacking central vision would not be
able to make use of this larger image, as it could partially fall
into their scotoma.
Boucart and colleagues23 predicted that patients with AMD
would focus on the faces’ T-zone, and in particular the mouth
region, when participants were asked to classify the emotion.
This is because the presence of the emotion would be detected
within the low spatial frequencies as the mouth smiled in the
happy emotion condition. Previous research in young adults
has shown that, when viewing a face, eye movements focus
onto the eye and mouth regions of a face to perceive an
emotion.16,19–22 When analyzing the eye tracking data from the
current study, a large variance for the location of fixations in
the low vision group was apparent, more so than in the control
group who consistently looked at the eye and mouth T-zone.
Seiple, Rosen, and Garcia34 investigated different scanning
behavior for AMD patients and controls, finding similar
patterns, likely linked to the use of a pseudofovea, or preferred
retinal locus.34
One limitation of our study was that we were unable to get
a measurement of the size and density of each participant’s
scotoma. This is due to the high costs of the scanning laser
ophthalmoscope (SLO) required to make this measurement,
making this equipment currently unavailable to this team. It
would be interesting to combine a fundus picture, an image of
the back of an eye, obtained from an SLO, and a functional
measure of the visual field, in order to assess the problems that
an AMD patient encounters. Others have shown that measurements of field loss as measured in an SLO microperimetry are
predictive of individuals with low vision having problems in
face recognition.38 A further limitation is that in comparison to
other face processing studies, we used a total of only three
facial emotions (happy, neutral, angry). Given that we are
dealing with older adults who were visually impaired, it was a
functional requirement of the testing procedure to limit the
experiment to less than 60 minutes. This was to ensure that
participants would not succumb to fatigue effects.
Our interpretation of these findings demonstrates that
magnification helps only for small image sizes and does not
improve the performance accuracy of AMD patients at larger
image sizes. This finding is important because many current
rehabilitation techniques for macular vision loss are centered
on magnification.25 Martelli and colleagues39 reported that
magnification did not improve performance accuracy for scene
perception. Considering that face perception is similar to
scene perception in its complexity (i.e., many features that
occlude and border each other), it is no surprise that the same
difficulty arises in face perception, in part due to a perceptual
phenomenon known as crowding.40 When looking at a scene,
the ability to detect specific objects is reduced by the mere
presence of surrounding objects. Hence, if a face is magnified,
this does not remove the neighboring content that could
crowd the facial features used in emotion detection.
In conclusion, magnification can help in the perception of
emotion in faces, but only when the stimuli are small or when
an individual is farther away. However, at least in the range of
sizes that were used in the current study, performance in both
emotion detection and categorization by individuals with AMD
never exceeded 80% of the performance of age-matched
controls. Part of the difference in performance between our
controls and participants, and within our participants, seems
to be associated with the patterns of eye movements used
while viewing the face. Therefore, magnification alone is not
the answer when trying to improve performance in emotion
detection. Instead, it might need to be combined with other
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techniques (e.g., contrast enhancement, eye movement
training and/or viewing strategy) to improve task performance
to the levels observed in age-matched controls. Another
technique would be shape-based image enhancement designed
to target high-level perceptual processing of faces.41,42
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