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Introduction

Every  day, primates make hundreds of thousands of eye movements to locate and explore aspects 

of their visual world that are relevant for their goals and ongoing behavior.  These eye 

movements are quantifiable behaviors that contain a wealth of information, not only about the 

external world but also about the internal processes associated with visual exploration. 

Image exploration consists of periods in which the eye is relatively stationary and visual 

information is gathered, called fixations, and periods in which a change in attention takes place 

and the eye moves to the next  region of interest, called saccades.  The succession of saccades and 

fixations executed while exploring an image is called a scanpath.  Like all behaviors, scanpaths 

are under the control of the brain, and hence their unfolding over time can tell us about cognitive 

or attentional processes.  For example, the order of fixations to various regions can indicate the 

relative importance of each region, and the time spent in a region or a tendency to revisit it after 

the initial fixation can give hints about its informativeness.

Previous work has begun to identify  the mechanisms by which decisions about when and where 

to look are made.  Early analysis of scanpaths revealed that the viewer’s eye is drawn to visually 

salient regions of a scene.  Image features capable of this “bottom-up” attraction include high 

light intensity, contrast, color, and movement.  Itti & Koch proposed a model of bottom-up visual 

attention that combines these features to form a topographical “saliency map” of conspicuity (Itti 

& Koch, 2001).  Some features of a scanpath will reflect this saliency  map.  Visual exploration 

must also be plastic enough to conform to higher-level input of a priori knowledge that will 

guide the eye to the areas most relevant to capturing the gist  of the scene.  These “top-down” 

mechanisms modify the saliency  map to include task-demands, expectations, and prior 

knowledge (Guo, 2007).  Scanpaths are then also indicators of this additional form of guidance 

through cognitive control (Yarbus, 1962).

As creatures evolved to survive in complex social environments, monkeys must quickly  and 

accurately assess threats and opportunities that arise in their visual surroundings. Faces of 

conspecifics are a special category  of images that monkeys are highly interested to explore, as 

they  inform the monkey about the target’s identity, age, sex, emotions, and attention (Parr et al., 

2000).  There is good evidence that monkeys process faces similarly  to humans (Dahl, 2009).  

Previous work has shown that monkeys, like humans, are most likely to explore the eyes, and 

that the eyes contain the richest information about the face(Keating & Keating, 1982, Parr et  al., 

2000).

These findings justify a more detailed characterization of scanpath and the exploration of 

individual differences that manifest as top-down mechanism of saliency. 



Methods

Subjects

Scanpaths from three adult macaques, T, Q, and H weighing between 10-14 kg were used for this 

study.  All three animals were born in outdoor enclosures at the California National Primate 

Research Center (Davis, CA, USA).  Q and H were mother-raised and T was peer-raised.  They 

have acquired, therefore, extensive exposure and social experience with the faces of their 

conspecifics.  All experimental procedures were performed in compliance with the guidelines of 

the National Institutes of Health for the use of primates in research and were approved by the 

Institutional Animal Care and Use Committee at the University of Arizona.  In preparation for 

recording eye movements, each monkey was fitted with a head fixation device attached to the 

skull under isoflurane anesthesia.

Stimuli

Subject monkeys viewed stimulus images on an LCD computer monitor that spanned 40x30 

degrees of visual angle (dva) LCD computer monitor (model) with a refresh rate of 60Hz.  All 

subject monkeys viewed images of conspecific faces on a black background (Figure 1).  

Stimulus monkeys included males and females displaying one of four standard facial 

expressions: lip-smack, fear-grimace, threat, and neutral (Chevalier-Skolnikoff, 1973; Redican, 

1975) with either direct or averted gaze.  Subject monkeys had neither seen nor interacted with 

the stimulus monkeys outside of this experimental setup.  Monkeys T, Q, and H viewed 9, 19, 

and 12 individuals, respectively.

Fig. 1: Examples of face 

s t i m u l i a n d t h e i r 

appearance on the monitor.  

Face stimuli subtended 11.5 

dva and depicted 4 facial 

expressions: lip-smack, fear-

grimace, threat, and neutral 

with direct and averted gaze.  

The background of all images 

was blackened.  Bottom 

panel shows relative size of 

t h e d i s p l a y  m o n i t o r , 

bounding box (for reference, 

not visible on the actual 

display), and image.



Behavioral task and training

The three subject monkeys were seated in a primate chair with their eyes at 57 cm from the 

monitor. At this distance, 1 cm on the monitor corresponds to 1 dva. They  were trained to fixate 

on a 0.5 dva white square (henceforth called “fixspot”) at the center of a square of 4x4 dva for a 

minimum of 100 ms.  Successful fixation was followed by image presentation.  The monkeys 

were then free to view the image, the only requirement being that their visual exploration remain 

within a 15.5x15.5 dva area centered on the image.  This allowed at  least 2 dva clearance around 

the faces.  The monkeys earned a juice reward for maintaining theirs gazes within this boundary 

for 3s.  Subject monkeys T, Q, and H completed 2662, 2631 and 624 of these trials successfully 

over 9, 17, and 11 days, respectively.  In addition to monkey faces, T and H viewed objects 

interspersed randomly into the experiment.

Recording eye position and analysis

Eye position was recorded using an infrared camera sampling at 120Hz (ISCAN, Inc.) and 

collected as an analog signal through a CED Power1401 data acquisition system (Cambridge 

Electronic Devices).  Fixations and saccades were extracted from the eye position data using 

custom MATLAB scripts.  First, eye dispersion for the entire eye trace was calculated as the 

distance the eye moved in a 40-ms moving window.  Next, a dispersion threshold was calculated 

three times the median dispersion in a 3-s moving window.  Periods in which actual dispersion 

exceeded this dispersion threshold were considered as saccades.  Fixation time midpoints were 

defined as the center millisecond of the period of time between saccades, and fixation locations 

were defined to be the mean eye location in this sub-threshold period.  Subsequent fixations 

could not occur less than 0.3 dva away from each other.  Due to the temporal smoothing inherent 

in the dispersion technique, saccade start and end times were found separately  from the fixation 

locations for the sake of increased precision.  Using the fixation locations, we transformed 

absolute eye speed into eye speed relative to the final fixation destination for each fixation.  

Saccade start and end times were then defined as times that the eye speed relative to the final 

fixation destination went above or below a velocity threshold of 30 dva/s.

In some trials, the eye movement recording was too noisy to reliably detect saccade velocity 

threshold crossings.  We identified these low signal-to-noise ratio trials quantitatively by 

assuming that fewer than 24 fixations would occur in a 3-s trial and that most saccades would 

last no longer than 30 ms.  Eye velocity should therefore be above the saccade speed threshold 

for no more than 720 ms in the course of one trial.  Trials violating this assumption were 

rendered too noisy  and excluded from fixation-based analyses.  However, these trials could still 

be used for region-based analysis.

The number of fixations per trial reported below included fixations following the first saccade 

(that is, not including the end of the fixation on the fixspot).  The final fixation in the trial was 

excluded, since it was cut short by the end of the trial.  Fixation durations as reported below were 



defined as the period of time between the end of one saccade and the beginning of the next.  Due 

to varying levels of noise, the raw scanpath distance (the sum of the distance between sampled 

points) was not a reliable estimate of the distance travelled.  A better estimate of total scanpath 

length, which was used in the reported values, was to sum the distances between successive 

fixations.

Results

1. Do different monkeys have different scanpath characteristics?

All three monkeys viewed averted-gaze faces displaying fear-grimace, threat, and neutral 

expressions.  Equal ratios (221, 171, 120 randomly selected trials of each expression for T, Q, 

and H, respectively) of these directly comparable expression-gaze combinations were used in 

this between-monkey comparison.

Differences in basic scanpath metrics

Subjects T, Q, and H made an average of 13.51±1.88, 6.66±2.58 fixations, and 9.36±2.02 

fixations per trial, respectively (Figure 2A).  There was a significant main effect on number of 

fixations for subject monkey (Kruskal-Wallis (K-W) ANOVA, !2
(2,671)=425.50, p<0.001), and a 

Tukey-Kramer multiple comparisons procedure showed all pairwise comparisons to be 

significant (95% confidence interval).

Fig. 2: Monkeys differ in basic scanpath 

measures.  A. Subjects showed significant 

differences in the number of fixations,  B. fixation 

durations (median–green solid line; mean–red 

dotted line), C. and the total distance travelled in a 

3-s trial.  Bars are median values and whiskers are 

interquartile ranges.

A.

B. C.



Fixation durations also differed significantly between subjects (K-W ANOVA, !2
(2,2330)=138.27.  

Mean fixation durations were 184.29±67.34 ms, 305.82±227.12 ms, and 258.18±108.77 ms for 

T, Q, and H, respectively) (Figure 2B).  As expected, subjects making fewer fixations had longer 

fixation durations.  Q and H had significantly longer fixation durations than T but did not differ 

significantly from each other (Tukey-Kramer, 95% C.I.).  Although the mean ranks for Q and H 

did not differ significantly from each other, the fixation duration histogram showed very different 

distributions, with Q having a greater skew towards longer fixations.  The interquartile ranges of 

fixation durations were 247.5 and 119 ms for Q and H, respectively.   We performed a post hoc 

test to compare these distributions and give this observation statistical significance.  They  proved 

to have significantly different shaped distributions (Kolmgorov-Smirnov test, 99% confidence 

interval).

Subjects differed also in the distance their eye travelled over the image during the 3-s trials.  The 

total scanpath distance was 53.9±8.2 dva, 12.0±7.2 dva, and 21.5±9.5 dva for T, Q, and H 

respectively (Figure 2C).  This difference was significant, including post-hoc pairwise 

comparisons (K-W ANOVA, !2
(2,652)=456.49, p<0.001; Tukey-Kramer 95% C.I.).

Differences in region visitation

An initial question was whether faces were equally salient stimuli for the three subject monkeys.  

Guo et al. (2003) used the number of fixations made outside of the face as an indicator of image 

saliency.  Although subjects were not given a juice reward if they looked outside of the bounding 

box (Figure 1), faces only occupied a portion of the area inside the box (32.8±4.1% of the total 

bounding box area).  By this measure, monkeys did not  differ significantly, making only 15 of 

13130, 7 of 12084, and 1 of 4577 fixations outside of the face area (Pairwise Fisher’s exact  test, 

2-tailed; T vs Q, p=0.14; T vs H, p=0.088; Q vs H, p=0.46).

Inside the face, however, monkeys allocated attention differently to different facial features.  

Hand-drawn regions surrounding facial features differed in size across images due to differences 

in head size and rotation.  Due to this possible confound, we calculated the looking time 

normalized to the hand-drawn region size.  Monkeys differed significantly in the normalized 

time devoted to eye+brow, mouth, midface, ear, head, and outside of the face regions (K-W 

ANOVA, eye: !2
(2,1533)=333.20, p<0.001; mouth: !2

(2,1533)=524.14, p<0.001; midface: 

!2
(2,1533)=90.66, p<0.001; ears: !2

(2,1533)=510.62, p<0.001; head: !2
(2,1533)=518.44, p<0.001; out: 

!2
(2,1533)=22.49, p<0.001).  Post-hoc Tukey-Kramer honestly significant difference (T-K HSD) 

tests at 95% confidence intervals revealed the details of these differences.  The normalized 

amount of time spent looking in the eye region was longest for T and shortest for H.  Q ranked 

between T and H.  For the mouth region, the three monkeys ranked as follows, from longest  to 

shortest: H, T, Q.  Monkey T spent more time looking at  the  midface and ear regions than Q and 

H, who did not differ significantly from each other.  T also had significantly  more ear looking 

than H and H had significantly  more than Q.  T spent more time looking at the head (includes 



features and non-features) than Q and H, who did not differ significantly from each other.  

Finally, Q spent more time outside of the face than T and H, who did not differ significantly  from 

each other.

Fig. 3: Monkeys differ in 

amount of time spent looking in 

each region. Bar plot comparing 

the normalized looking time for 

three subject  monkeys.  Whiskers 

represent interquartile ranges.

2. Are characteristics of the face stimulus reflected in scanpaths?

Two of the subject monkeys, T and H, viewed both direct and averted gaze face stimuli.  To test 

for effects of gaze direction, we first compared data for the grand average (containing all facial 

expressions) and then looked for expression-specific effects.  Due to low signal-to-noise ratio in 

the eye movement recording on some days, lip-smacks were not considered for analyses of 

fixation number, fixation duration, and total scanpath distance in monkey H.

Direct gaze images attracted more fixations than averted gaze images for T, and not significantly 

more for H (K-W ANOVA, T: !2
(1,2204)=36.33, p<0.001; H: !2

(1,521)=0.7655, p=0.38) (Figure 4A).  

In T, this effect held for different  gaze directions within lip-smack, threat, and neutral, but not 

fear-grimace images. (K-W ANOVA, T: FG, TH, NE ps<0.01, FG p=0.88).  In H, direct versus 

averted gaze images showed no difference in any of the four expressions compared individually 

(K-W ANOVA, ps>0.15) (Figure 3A).



Figure 4: Effect of 

gaze direction on 

n u m b e r o f 

f ixat ions . Blue 

distributions are 

fixation durations 

over direct-gaze 

images and red are 

a v e r t e d - g a z e 

images.  Vertical 

l i n e s r e p r e s e n t 

d i s t r i b u t i o n 

medians.  This 

analysis was not 

performed for LS 

images viewed by 

H.  s represent 

ps<0.05

Fixation duration differed significantly between direct and averted gaze for T, who made shorter 

fixations on direct-gaze images, but no significant difference was observed for H (K-W ANOVA, 

T: !2
(1,10562)=20.87, p<0.001; H: !2

(1,1759), p=0.48) (Figure 3B).  Comparing gaze direction 

separately  for each expression revealed that for T, fixation duration was significantly  longer for 

direct-gaze images of lip-smack and neutral, but not for fear-grimace and threat expressions (K-

W ANOVA, LS, NE ps<0.02, FG, TH ps>0.16).  Similar comparisons were made for H, which 

revealed no significant differences (FG, TH, NE ps>0.06).

A. B.

C. D.



Fig. 5: Effect of 

gaze direction on 

fixation duration

Blue distributions 

represent fixation 

durations over 

d i r e c t - g a z e 

images and red 

represent averted-

gaze images.  This 

analysis was not 

performed for LS 

images viewed by 

H.  s represent 

ps<0.05

T made significantly longer scanpaths over averted versus direct gaze stimuli, whereas H showed 

no difference between the two groups (K-W ANOVA, T: !2
(1,2204)=92.12, p<0.001; H: 

!2
(1,521)=1.76, p=0.18) (Figure 3C).  Comparing direct versus averted gazes for each of the four 

expressions separately  revealed that the trend of longer scanpaths on averted gazes was 

significant for all expressions for T and none for H (Figure 3D)  (K-W ANOVA, T: ps<0.01; H: 

ps>0.08).

B.A.

D.C.



Fig. 6: Effect of 

gaze direction on 

total scanpath 

distance. Blue 

distributions are 

t o t a l s c a n p a t h 

d i s t a n c e o v e r 

d i r e c t - g a z e 

images and red 

are averted-gaze 

images.  Blue and 

red vertical lines 

represent medians.  

This analysis was 

not performed for 

LS images viewed 

b y H .  s 

represent ps<0.05

Gaze direction shifted attention to different facial regions in both subjects.  For T, the following 

significant differences were observed: T spent more time visiting the eye region in direct fear-

grimace and threat images and less time in neutral images (K-W ANOVA, FG: !2
(1,440)=12.11, 

p<0.001, TH: !2
(1,874)=24.26, p<0.001, NE: !2

(1,875)=24.65, p<0.001).  T spent more time viewing 

the mouth region in direct lip-smack and neutral images and less in fear-grimace and threat 

images (K-W ANOVA, LS: !2
(1,432)=10.63, p=0.0011, FG: !2

(1,440)=39.89, p<0.001, TH: 

!2
(1,874)=6.74, p<0.001).

Facial expression also had a significant effect on scanpath parameters.  To control for direction of 

gaze, effects of facial expression were compared separately for direct and averted gaze images 

for T and H.  Q only viewed averted-gaze images and we did not analyze lip-smack images for H 

(see above).  Due to the non-normality of the distributions, omnibus comparisons were made 

using the Kruskal-Wallis ANOVA followed by  post-hoc Tukey-Kramer honestly significant 

difference test at 95% confidence intervals.

The number of fixations made on an image depended on facial expression (Figure 7A).  On 

direct gaze images, T made more fixations over lip-smack and threat images than fear-grimace 

and neutral images (K-W ANOVA, !2
(3,1096)=66.53, p<0.001; T-K HSD test, 95% C.I.).  On 

averted gaze images, number of fixations was also dependent on expression (K-W ANOVA, 

!2
(3,1102)=14.59, p=0.002).  Pairwise comparisons revealed that threat images attracted more 

A. B.

C. D.



fixations than neutral images (T-K HSD, 95% C.I.).  Q the most fixations on neutral images, 

followed by threats, then by lip-smacks.  Fear-grimace images attracted more fixations than lip-

smacks, but not significantly more than threat or neutral images (K-W ANOVA, !2
(3,2626)=82.24, 

p<0.001; T-K HSD, 95% C.I.).  No effect of facial expression on the number of fixations was 

found for H (K-W ANOVA, !2
(2,257)=1.43, p=0.49).

Fig. 7: Effect of different facial expressions on scanpath 

parameters.  A. Number of fixations, B. Fixation duration, C. Total scanpath distance.  Bars 

represent medians and whiskers represent interquartile range.

Facial expression also effected the average fixation duration for T and Q (Figure 7B).  For direct- 

and averted-gaze faces tested separately, T made the longest fixations on lip-smack and neutral 

images, shorter fixations on fear-grimace images, and the shortest on threat images (direct: K-W 

ANOVA, !2
(3,5292)=106.16, p<0.001, T-K HSD, 95% C.I.; averted: K-W ANOVA, 

!2
(3,5264)=172.02, p<0.001, T-K HSD, 95% C.I.).  On averted-gaze images, Q made significantly 

longer fixations over threat images than lip-smack images (K-W ANOVA, !2
(3,5560)=14.50, 

p=0.002; T-K HSD, 95% C.I.).  We found no significant main effect of expression on fixation 

duration for H (direct: K-W ANOVA, !2
(2,870)=1.32, p=0.52, T-K HSD, 95% C.I.; averted: K-W 

ANOVA, !2
(2,885)=3.79, p=0.15, T-K HSD, 95% C.I.).

Total scanpath length also varied significantly over different facial expressions (Figure 7C).  T 

had significantly  longer scanpaths over threat images than all others for both direct- and averted-

gaze images (direct: K-W ANOVA, !2
(3,1096)=75.99, p<0.001, T-K HSD, 95% C.I.; averted: K-W 

ANOVA, !2
(3,1102)=64.13, p<0.001, T-K HSD, 95% C.I.).  For Q viewing averted-gaze images, 

A. B. C.



we observed the same effect of threat  images having longer scanpaths than all other facial 

expressions (K-W ANOVA, !2
(3,2147)=25.97, p<0.001, T-K HSD, 95% C.I.).  H showed no 

difference in total scanpath length for direct-gaze images, however, for averted-gaze images, H 

had longer scanpaths over threat than fear-grimace images (direct: K-W ANOVA, !2
(2,257)=3.70, 

p=0.16, T-K HSD, 95% C.I.; averted: K-W ANOVA, !2
(2,260)=9.98, p=0.007, T-K HSD, 95% 

C.I.).

Figure 8: Effect of facial expression and gaze direction on region looking time.  Time spent 

looking in each region normalized by the size of the region is compared between facial 

expressions.  Bars represent medians and whiskers represent interquartile range.  Q did not view 

direct gazes due to the paucity of ear looking, the median and interquartile range were zero for 

all images.



Discussion

Individual differences were found in three basic scanpath metrics compared: 1) number of 

fixations, 2) fixation duration, and 3) total scanpath length.  T made frequent, short fixations 

whereas, on average, Q and H made moderate length fixations.  Q was, however, inclined to 

stare, i.e. occasionally fewer and longer fixations.  By far, T produced the longest scanpaths 

followed by H who made moderate-length scanpaths. Taken together these findings indicate that 

T shifts more often attention from one feature to other at the expense of fixation duration.

Given that the salience of facial features derive in part from top-down mechanism (Guo, 2007), 

and that top-down saliency is subject to individual differences, we determined how each subject 

monkey  allocated attention visual attention allocated to facial features. Each monkey showed 

individual preferences for facial features. While T and Q looked preferentially  at the eyes, H 

showed a preference for the mouth. These tendencies were independent of differences in general 

metrics that separated T from Q and H. 

We also found that  the allocation of visual attention to facial features depends on gaze direction 

and the facial expression. Gaze direction is critical to determine whether a particular display is 

addressed to the viewer or to another recipient, information that is easily  assessed by a single 

fixation to the eyes.  Facial expressions can be characterized by  the relative contribution of each 

facial feature; the features most critical for an expression (e.g., the mouth for fear grimace) also 

capture the proportionally most attention (Nahm et al., 1997; Gothard et al., 2004). Indeed, our 

results confirm that independent of gaze direction, all three monkeys spent significantly  more 

time looking at mouths in images displaying fear-grimace and threat  expressions, in which the 

mouth plays a prominent role.  In addition, the teeth, which are a high-contrast, high light-

intensity feature, are usually visible in these expressions, adding to the bottom-up saliency of that 

region of the face.  Facial expression and gaze direction then interact  to create a wide variety of 

meanings to the viewer monkey (Is he angry?  Is he angry at me?  Who, then, is he angry at?).  

Facial expression and gaze direction accounted for further individual differences.  T made more 

frequent and shorter fixations (and hence longer scanpaths) on facial expressions with direct gaze 

compared to the same expressions with averted gaze. Specifically, lip-smack, threat, and neutral 

faces with direct gaze elicited more frequent fixations.  No such differences were shown for 

monkey  H, although it  is not clear whether the effect is actually absent or if it is a result of a 

lower baseline fixation frequency and lower statistical power due to having fewer analyzable 

trials.  In some cases, the effect of gaze direction on region visitation depended on the facial 

expression involved, for example, T spent more time on the eyes of direct  threat and fear grimace 

images compared to the same expressions with averted gaze, but less time looking at the eyes of 

direct neutral images compared to averted neutral images.



It is interesting to note that  scanpath behavior correlated qualitatively with the subjects’ in-cage 

behavior.  Although no statistical analysis has been performed, I have noted by personal 

observation that  T will often exhibit a behavior in which he moves quickly and forcefully back 

and forth in his cage in an extremely stereotyped movement.  The behavior seems to occur more 

frequently in the presence of anxiogenic events such as a human entering the room or hovering 

near his cage with a tray  of food.  While pacing is not unusual for laboratory-held macaques, T 

will continue without tiring for minutes on end.  It is impossible to not notice the connection 

between the restless, pacing body swaying and the restless, constantly shifting gaze that this 

monkey  exhibits in image viewing experiments.  The other subjects display behaviors that are 

consistent with their scanpath properties.  Q, whose scanpaths are restricted in length and 

composed of long fixations, is generally more still in his cage, and H, who does not react  more to 

direct-gaze images, is less motivated during experiments, and may not view images with the 

purposefulness of the other monkeys.  I am in the process of learning how to make appropriate 

behavioral ethograms to better characterize these observations.

Monkeys are highly social creatures who live in hierarchical troupes. Conspecific interactions 

depend greatly on the social rank of the parties involved.  Our monkeys have not interacted with 

any of the stimulus monkeys, so their relative positions to the stimulus monkeys are not certain. 

Given the strictly linear hierarchy of Rhesus societies, it is possible, however, that even in these 

artificial interactions the viewer monkeys assumes either submissive or dominant rank vis-à-vis 

the individual displayed on the monitor.  Outside of social rank, it is unclear what role, if any, the 

identity  the stimulus monkey played.  In similar face viewing tasks, I  have personally observed 

monkey  Q repeatedly aborting trials by breaking fixation when shown one particular individual 

while maintaining normal scanpaths over other individuals.  Rank and other aspects of identity 

are certain to play a role in scanpath characteristics, since just as in humans, a monkey’s looking 

patterns involve bidirectional communication; the viewer observes and judges outside parties, 

but outside parties also observe and judge the viewer.  In this light, a fascinating future study 

would include monkeys with well-defined hierarchical positions, or recording scanpaths from 

two interacting monkeys.

The extant literature exists regarding individual differences in visual scanning is sparse.  In order 

to fully  exploit  this behavior, we need to understand the extent to which it varies in natural and 

experimental settings, both within one individual in many conditions and between individuals 

placed in the same condition.  The present work makes it clear that we can not a priori assume to 

be able to compare the effect of a treatment in different individuals.  We first must  assess their 

individual baseline behaviors, or preferably use a monkey pre- and post-treatment as its own 

control.

Abnormal eye movements when viewing faces has been observed in many psychiatric disorders 

including schizophrenia, autism, and bipolar disorder (Kee et  al., 1998; Loughland et al., 2002; 



Pelphrey, 2002).  In fact, the majority  of mental disorders are associated with a corresponding 

and characteristic change in eye movements.  This fact gives scanpaths the potential to be a 

powerful behavioral biomarker in psychiatric diagnoses.  Already a growing body of work is 

documenting the effects of gene polymorphisms on visual scanning.  The 5HT transporter linked 

polymorphic region (5HTTLPR) functions in transcriptional control for the gene encoding a 

synaptic serotonin transporter.  Champoux and colleagues (2002) have shown that certain 

genotypes interact with averse early-life experiences to cause differences in orientation, 

affective, and attentional capabilities later in life.  Certain genotypes can also be shown to 

correlate to scanpath parameters, such as eye-looking, and willingness to view faces of high 

status monkeys (Watson et al., 2009).  We are in the process of genotyping our subject monkeys 

for this allelic variation.  Taken together, further study  of scanpaths, especially in experimentally 

tractable organisms such as rhesus macaques, should be undertaken and should remain informed 

by the findings of individual variation presented in this study.
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