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Abstract Shifting visual focus on the basis of the perceived
gaze direction of another person is one form of joint attention. In
the present study, we investigated whether this socially relevant
form of orienting is reflexive and whether it is influenced by age.
Green and Woldorff (Cognition 122:96–101, 2012) argued that
rapid cueing effects (i.e., faster responses to validly than to
invalidly cued targets) were limited to conditions in which a
cue overlapped in time with a target. They attributed slower
responses following invalid cues to the time needed to resolve
the incongruent spatial information provided by the concurrently
presented cue and target. In the present study, we examined the
orienting responses of young (18–31 years), young-old (60–
74 years), and old-old (75–91 years) adults following
uninformative central gaze cues that overlapped in time with
the target (Exp. 1) or that were removed prior to target presenta-
tion (Exp. 2). When the cue and target overlapped, all three
groups localized validly cued targets more quickly than invalidly
cued targets, and validity effects emerged earlier for the two
younger groups (at 100 ms post-cue-onset) than for the old-old
group (at 300 ms post-cue-onset). With a short-duration cue
(Exp. 2), validity effects developed rapidly (by 100 ms) for all
three groups, suggesting that validity effects resulted from reflex-
ive orienting based on the gaze cue information rather than from
cue–target conflict. Thus, although old-old adults may be slow to

disengage from persistent gaze cues, attention continues to be
reflexively guided by gaze cues late in life.
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Shifts in spatial attention are reflexive when they are elicited
rapidly by stimuli uninformative of an upcoming object’s loca-
tion. Originally thought to occur specifically in response to
peripherally presented stimuli, reflexive orienting has also been
demonstrated in response to centrally fixated directional stimuli
(e.g., arrow cues and gaze cues; Friesen & Kingstone, 1998;
Ristic, Friesen, & Kingstone, 2002; Tipples, 2002). The present
study examined the nature of spatial orienting triggered by gaze
cues. Evolutionary and social advantages are associated with
rapidly shifting attention in response to a person’s gaze;
responding to threats or resources in the environment identified
by a companion could lead to faster evasive or approach reac-
tions. The gaze direction of another person is also an important
nonverbal cue in social communication. In childhood, orienting
in response to gaze direction promotes the development of joint
attention—that is, the ability to coordinate attention with another
observer, which facilitates learning, language development,
and social competence (see the reviews by Frischen,
Bayliss, & Tipper, 2007; Mundy & Newell, 2007).
Surprisingly, although developmental patterns of gaze-
based orienting and joint attention have been investigated
in infancy and childhood, the developmental changes later
in life have only begun to be explored. Joint attention as
guided by gaze direction likely remains important for co-
operative cognition among older adults. The purpose of the
present study was twofold: to explore the reflexive
orienting properties of gaze cues, and to assess adult age
patterns in gaze-triggered orienting. In the following sec-
tions, we review the current evidence regarding reflexive
orienting in response to central spatial cues and age-related
modifications of these orienting patterns.

N. D. Gayzur : L. K. Langley : C. Kelland : S. V. Wyman :
A. L. Saville :A. T. Ciernia :G. Padmanabhan
Department of Psychology and Center for Visual and Cognitive
Neuroscience, North Dakota State University, Fargo, ND, USA

L. K. Langley
Department of Psychology (2765), North Dakota State University,
P.O. Box 6050, Fargo, ND 58108-6050, USA

N. D. Gayzur (*)
Department of Psychology (Box 85), University of Central
Oklahoma, 100 N. University Drive, Edmond, OK 73034, USA
e-mail: ngayzur@uco.edu

Atten Percept Psychophys (2014) 76:407–419
DOI 10.3758/s13414-013-0554-6



Reflexive orienting to central spatial cues

Researchers have traditionally used two types of cues to
measure spatial orienting (Posner, 1980; Posner & Cohen,
1984): peripheral cues, which are presented outside the cur-
rent attentional focus and are uninformative of the target
location, and central arrow cues, which are presented at visual
fixation and provide informative directional information (e.g.,
they point toward the target location on a high percentage of
trials; Posner & Cohen, 1984). Unique temporal orienting
patterns are associated with uninformative peripheral cues
and informative arrow cues (for a review, see Klein,
Kingstone, & Pontefract, 1992). When presented peripherally,
valid cues (cues that indicate the location of the upcoming
target) lead to faster responses to targets than do invalid cues,
and this validity effect develops rapidly (as early as 50–
100 ms postcue) and then diminishes (and later reverses).
Cueing effects for informative arrow cues (i.e., valid response
times [RTs] < invalid RTs) develop more slowly and are
maintained at longer time intervals. The different cueing pat-
terns have been interpreted as reflecting reflexive and voli-
tional orienting (Jonides, 1981). Attention is reflexively drawn
to the location of peripheral cues, leading to rapid but short-
lived facilitation effects. In the case of informative arrow cues,
attention is voluntarily (and thus, less quickly) directed to (and
maintained at) locations indicated by the central symbolic
cues due to the predictive nature of the cues.

Although it was long assumed that central arrow cues
directed attention on the basis of their predictive properties,
recent research has revealed that uninformative arrows also
bias spatial attention (Hommel, Pratt, Colzato, & Godijn,
2001; Kingstone, Smilek, Ristic, Friesen, & Eastwood,
2003; Ristic et al., 2002; Tipples, 2002). Even when the target
was as likely to be presented at the uncued location as at the
cued location (50 % predictive), validity effects have been
observed at short (100–300 ms) cue–target stimulus onset
asynchronies (SOAs), consistent with reflexive orienting.

Following a hallmark study by Friesen and Kingstone
(1998), multiple studies have demonstrated reflexive orienting
patterns for gaze cues (e.g., Driver et al., 1999; Friesen,
Moore, & Kingstone, 2005; Kingstone, Tipper, Ristic, &
Ngan, 2004; Ristic, Wright, & Kingstone, 2007). For exam-
ple, Ristic and colleagues (2002) presented participants with a
schematic face or an arrow that looked/pointed to the left or
right. Although the cues were uninformative (50 % predic-
tive), the validity effect, indistinguishable for gaze and arrow
cues, developed rapidly (at a cue–target SOA of 195 ms) and
diminished at longer cue–target intervals (600 and 1,005 ms).
Although the temporal dynamics of cueing patterns were
similar for arrow and gaze cues, evidence has indicated that
gaze-based orienting is more reflexive than arrow-based
orienting (Friesen, Ristic, & Kingstone, 2004; Ristic &
Kingstone, 2005). For instance, gaze-initiated orienting is

not as strongly affected by top-down contingencies as
arrow-initiated orienting (Ristic et al., 2007).

Green and Woldorff (2012) observed that the majority of
studies that reported reflexive orienting triggered by central
directional cues used a stimulus sequence with cue–target
temporal overlap (e.g., Friesen & Kingstone, 1998;
Quadflieg, Mason, & Macrae, 2004; Ristic et al., 2002; but
cf. Friesen & Kingstone, 2003; Ristic et al., 2007; Tipples,
2002). They argued that the persistent cue may have induced
stimulus conflict between the cue and target on invalidly cued
trials, and that this conflict slowed target processing. To test
this non-attentional explanation for validity effects, the re-
searchers compared the effects of directionally predictive
(80 % valid) arrows that remained visible upon target presen-
tation (long-duration cues) with the effects of directionally
predictive arrows that were presented briefly (50 ms) and were
removed prior to target presentation (short-duration cues).
With short-duration cues, validity effects were not observed
at short cue–target SOAs (0 or 100 ms) but were found at
SOAs equal to or longer than 300 ms, consistent with voli-
tional orienting in response to a predictive cue. With long-
duration cues, validity effects were observed at 0 and 100 ms,
not at 200 ms, and again at 300 ms and longer. This biphasic
pattern suggested that orienting was volitional at longer
SOAs, but the effects at the short SOAs were unlikely to be
attentional, particularly given validity effects with simulta-
neous cue–target presentation (0-ms SOA). A second experi-
ment, which added neutral cues (double arrows), demonstrat-
ed that the validity effects associated with long-duration cues
consisted of costs only (slower responses to an invalidly cued
target than to a neutrally cued target) at early cue–target
intervals and both benefits (faster responses to a validly cued
target than to a neutrally cued target) and costs at later inter-
vals. Thus, the pattern overall was consistent with interference
between a cue and target when the two stimuli were presented
concurrently and contained conflicting spatial information
(on invalid trials), and this conflict led to slowed responses
that mimicked reflexive orienting patterns. The lack of
validity effects at short SOAs when the temporal overlap
was removed suggested that reflexive orienting did not
contribute to the observed cueing patterns. More recently,
Green, Gamble, and Woldorff (2013) provided additional
evidence for a spatial-incongruency explanation, this time
using gaze cues as well as arrow cues. Cueing effects were
absent at short and long SOAs when nonpredictive, short-
duration gaze or arrow cues were presented. With long-
duration nonpredictive cues, cueing effects (consistent
with RT costs but not benefits) emerged at the 0- and
100-ms SOAs (but not at the 300- and 500-ms SOAs),
again consistent with response slowing resulting from
conflicting spatial information from the cue and target.
This set of findings calls into question the reflexive nature
of orienting in response to centrally directional cues.
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Age-related changes in reflexive orienting to central cues

Research on age-related changes in reflexive orienting trig-
gered by central cues is limited. Studies of arrow-triggered
orienting have primarily assessed volitional orienting to
informative arrows and found orienting to be largely intact
with age (Folk & Hoyer, 1992; Hartley, Kieley, & Slabach,
1990; Lincourt, Folk, & Hoyer, 1997; Tellinghuisen, Zimba,
& Robin, 1996). In a recent study (Langley, Friesen, Saville,
& Ciernia, 2011), we examined reflexive orienting in re-
sponse to uninformative central arrows and found validity
effects at short cue–target SOAs (100 and 300 ms) that were
evident even when the cue did not overlap with the target
(Exp. 2). We found no evidence of an age-related reduction
in the orienting response; in fact, older adults’ validity
effects were greater than those of young adults at the 300-
ms SOA, suggesting longer maintenance of orienting. Thus,
under conditions that promoted reflexive orienting (short
cue–target intervals, uninformative cues that did not overlap
temporally with the target), we found that older adults
automatically shifted attention on the basis of central arrow
information.

Two studies have examined age-related changes in
orienting to central gaze cues, although task conditions were
such that orienting was likely volitional, or at least not clearly
reflexive. Slessor, Phillips, and Bull (2008, Exp. 2) examined
older adults’ orienting responses to informative gaze cues
(which predicted target location on 67 % of the trials). The
eye gaze of photographed young adult faces gradually moved
to the left or right in a morphing progression lasting 220 ms.
The face was removed upon target onset. Older adults showed
significant validity effects that were smaller than those of
young adults, suggesting an age-related reduction in gaze-
triggered orienting. To determine whether the age of the
gazing face impacted orienting, Slessor, Laird, Phillips, Bull,
and Filippou (2010) showed participants photographic images
of young and older faces that gazed to the left or right (without
the morphing progression). The gaze cues (which remained
present until the response) were uninformative of target loca-
tion, but the cue–target SOA (500 ms) was longer than is
typically used to examine reflexive orienting. Young adults
had greater validity effects for young than for older faces (20
and 12 ms, respectively). Older adults’ validity effects were
uninfluenced by the age of the faces (9 and 13 ms for young
and older faces, respectively). Thus, the age-related reduction
in validity effects was specific to gaze shifts portrayed in
young faces, which may have accounted for the age differ-
ences found in the Slessor et al. (2008) study. Together, the
findings indicate that older adults shift spatial attention in
response to gaze cues, although there may be an age-related
reduction in validity effects specific to gaze shifts initiated by
young adult faces. Age patterns under conditions that more
strongly encourage reflexive orienting (with uninformative

cues and short cue–target SOAs) and that avoid age consis-
tency effects (bigger orienting effects for same-age faces) have
yet to be assessed.

The present study

The purpose of the present study was to investigate whether
orienting in response to central gaze cues is indeed reflexive,
and whether this socially important cue continues to efficient-
ly guide attention later in life. In Experiment 1, we tested
participants on a gaze cueing paradigm that encouraged re-
flexive orienting (Friesen & Kingstone, 1998; Friesen et al.,
2005; Ristic et al., 2002). A target appeared to the left or right
of a central gaze cue, and participants made a speeded left–
right localization response. The uninformative (50 % predic-
tive) gaze cue (eyes shifted to the left or right) preceded target
onset by 100, 300, 600, or 1,000 ms. The cue and target
remained present until the participant’s response. To avoid
age-consistency effects induced by the cue face (Slessor
et al., 2010), we used a schematic (age-neutral) face rather
than a photographed face. Because of the concerns raised by
Green and Woldorff (2012) with interpreting the basis of
validity effects as attentional when the cue and target overlap
in time (and thus introduce cue–target conflict), we limited the
duration of the cue to 50 ms in Experiment 2 and removed the
cue prior to target presentation.

In both experiments, we predicted that participants would
show validity effects (faster responses to targets at gazed-at
locations than those at uncued locations) that reflected reflex-
ive orienting. Validity effects would develop rapidly (by
100 ms postcue), but because cues would not be predictive
of target location, validity effects would diminish with in-
creasing cue–target SOA. We predicted that validity effects
would be evident even when the cue and target were separated
in time (Exp. 2). Although it was possible that cue–target stim-
ulus conflict would contribute to cueing patterns in Experiment 1
(Green &Woldorff, 2012), we predicted that reflexive orienting
would independently influence behavior because other studies
have found validity effects when the cue and target were
presented without overlap (McKee, Christie, & Klein, 2007;
Ristic et al., 2007; Tipples, 2002). However, if stimulus conflict
alone accounted for validity effects in Experiment 1, then those
effects would disappear in Experiment 2.

In addition to young adults (ages 18–35 years), we tested
two older adult groups (young-old adults, 60–74 years; old-
old adults, 75+ years) because evidence indicates that spatial
orienting patterns continue to change late in life (Greenwood
& Parasuraman, 1994; Langley et al., 2011). Greenwood and
Parasuraman (1994) found that on a letter discrimination task,
validity effects triggered by uninformative peripheral cues and
informative arrow cues were greater for old-old adults than for
young-old adults (although orienting did not vary by age on a
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simpler target detection task). We found, using a location
discrimination task, that old-old adults’ reflexive orienting
pattern to uninformative peripheral onset cues and central
arrow cues was identical to that of young-old adults, except
that limiting cue duration did not modify orienting for old-old
adults as it did for young-old adults. Old-old adults continued
to show enhanced and extended validity effects at early cue–
target intervals, which implied greater cue disengagement
deficits for old-old adults (Langley et al., 2011).

Our predictions regarding age patterns were tentative be-
cause of equivocal and limited evidence on older adults’
reflexive orienting in response to central directional cues.
Slessor and colleagues (Slessor et al., 2010; Slessor et al.,
2008) found that older adults successfully oriented to spatial
locations on the basis of gaze cues, but the strength of the
orienting effect diminished with age when gaze cues were
presented on young faces. In addition, the task conditions used
to assess orienting (with predictive cues and/or long cue–
target SOAs) did not encourage reflexive orienting. Older
adults have demonstrated reflexive orienting in response to
uninformative arrows (Langley et al., 2011). From this limited
evidence, we predicted that older adults would reflexively
orient to locations on the basis of gaze cue information.
Because the stimulus faces were age-neutral (reducing the
possibility of age-consistency effects), we expected that va-
lidity effects would be at least as great for older adults as for
young adults. If difficulty in cue disengagement increases
with age, the age-related increase in validity effects would
be particularly true in Experiment 1, when the cue and target
remained present until a response was made.

Experiment 1

In Experiment 1, gaze cues were presented on a schematic
face with a neutral expression. The eyes gazed to the left or to
the right, and after a cue–target SOA of 100, 300, 600, or
1,000 ms, the target appeared at either the cued or uncued
location. The gaze cue remained present until the participant
made a left–right localization response. As had been found
with previous gaze cue studies (Friesen & Kingstone, 1998;
Ristic et al., 2002), we predicted validity effects at the early
SOAs (100 and 300 ms), reflecting reflexive orienting to the
target, with decreasing validity effects at longer SOAs.

Method

Participants Groups of 40 young adults (18–31 years; 24
women, 16 men), 40 young-old adults (60–74 years; 25
women, 15 men), and 40 old-old adults (75–92 years; 25
women, 15 men) participated in Experiment 1. Young adults
were recruited from psychology courses and received course
credit. Older adults were recruited from the Fargo–Moorhead

community and received $10 for participating. All individuals
had at least a high school education and were native English
speakers. Participants had corrected near visual acuity of 20/
40 or better as assessed by a Snellen eye chart (Precision
Vision, La Salle, IL) and were free from medical conditions
that could affect cognitive functioning (e.g., stroke, dementia,
or drug and alcohol abuse) according to self-report
(Christensen, Moye, Armson, & Kern, 1992). All included
participants scored 9 points or lower on the Geriatric
Depression Scale (GDS; Yesavage et al., 1982), indicating
minimal depressive symptoms, and 26 points or higher on
the Mini-Mental State Examination (MMSE; Folstein,
Folstein, &McHugh, 1975), indicating no demonstrable signs
of significant cognitive impairment. Demographic and screen-
ing data for the included participants are provided in Table 1.

Materials and stimuli Stimuli were presented on a 17-in. color
monitor (refresh rate of 85 Hz) controlled by a PC computer
with a Pentium 4 processor. A chin rest maintained partici-
pants’ viewing distance at 40 cm. Participants responded to
stimuli using a PST Serial Response Box (Psychology
Software Tools, Pittsburgh, PA). We used E-Prime 1.1
(Psychology Software Tools) to develop and run the experi-
ment. Stimuli were black line drawings presented against a
white background. The initial fixation display consisted of a
circle with a diameter of 14.5 deg of visual angle positioned in
the middle of the monitor. In the circle, there was a schematic
face with a neutral expression. Two empty circles 1.9° in
diameter served as the eyes. The central circle was flanked
to the left and right by two empty 2.9° squares at a distance of
17.8° from the circle (center to center). The gaze cue overlaid
the fixation display and consisted of two black filled circles
with diameters of 1.3° displaced to the left or the right, serving
as the pupils for the eyes. A black filled circle, 1.7° in diam-
eter, served as the target stimulus and was presented in the
center of one of the two outer squares.

Design and procedure The testing session (including consent,
screening, and computer task) lasted approximately 1 h. The
experimenter explained the task to participants using verbal
instructions and a drawn representation of the stimulus events.
As is depicted in Fig. 1, a trial began with the fixation display
being presented for 995 ms, which was followed by the cue
display (pupils shifted to the left or right). After approximately
100, 300, 600, or 1,000 ms (as constrained by the refresh rate
of the monitor; actual values = 117.6, 317.6, 611.7, and
1,011.7 ms), the target appeared in either the left or the right
outer square. The cue and target remained on the screen until
the participant responded or until 6,000 ms had elapsed.
Participants pressed one of two buttons (left or right) on the
response box to indicate the target’s location. They were
instructed to respond as quickly as possible, but not at the
expense of accuracy. They were also told that the face’s gaze
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direction (left or right) did not predict the target location.
Participants were told to keep their eyes fixated on the nose
of the face throughout the trial, but eye movements were not
monitored. The participants completed two blocks of 80 trials,
for a total of 160 experimental trials, presented randomly and
with equal probabilities for SOA, cue validity, and cue and
target location. Before starting each block, participants com-
pleted eight practice trials that were randomly selected from
the experimental trials.

Results

Mean RTs as a function of age group, cue validity, and cue–
target SOA are presented in Table 2. Errors (incorrect re-
sponses, anticipatory responses, and failures to respond) were
rare within each condition for each age group (on average, less

than 2 %). RTs that were less than 150 ms or more than
2,500 ms (less than 1 % of trials per group) were considered
outliers and removed. For the remaining trials, median
RTs were calculated for correct responses and submitted to a
3 × 2 × 4mixed analysis of variance (ANOVA)with age group
(young adults, young-old adults, and old-old adults) as the
between-subjects variable and cue validity (valid and invalid)
and cue–target SOA (100, 300, 600, and 1,000 ms) as the
within-subjects variables. For follow-up analyses of variables
with more than two levels, we used Student–Newman–Keuls
(SNK) post-hoc tests.

Table 1 Participant characteristics for Experiments 1 and 2

Experiment 1 Experiment 2

Mean SD Mean SD

YA YO OO YA YO OO YA YO OO YA YO OO

Age (years) 20.3* 66.6 78.9* 3.2 3.7 3.7 20.2* 67.0 79.6* 2.4 4.0 3.6

Education (years) 14.0* 15.3 14.7 1.7 3.0 2.5 13.8* 15.2 15.0 1.4 2.4 2.7

GDS (30 max) 1.9 1.2 1.3 2.1 1.5 2.1 1.4 1.5 2.2 1.9 2.3 2.0

WASI Vocab. (80 max) 58.8* 68.5 65.8 6.5 7.5 8.8 58.4* 66.0 64.0 5.5 8.4 6.7

Snellen acuity (20/___) 15.4* 22.3 24.5 3.7 6.1 6.8 15.4* 25.2 25.5 3.6 6.4 6.6

MMSE (30 max) 29.3 29.3 28.9 0.9 1.0 1.1 29.5 29.5 29.1 0.7 0.9 1.0

SD = standard deviation. YA = young adults, YO = young-old adults, OO = old-old adults; GDS = Geriatric Depression Scale. Maximum score is 30,
with a higher score indicating more endorsed symptoms of depression. WASI = Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999). The
maximum score on the Vocabulary subscale is 80 points, with a higher score indicating better performance. Snellen acuity = denominator of the Snellen
fraction for corrected near vision. A smaller number indicates better vision. MMSE =Mini-Mental State Examination. The maximum score is 30 points,
with a higher score indicating better performance. *Mean scores differed significantly from those in the young-old adult group, according to a Student–
Newman–Keuls t test, p < .05

Fig. 1 Trial sequence for Experiment 1. The stimuli are not scaled to size

Table 2 Response times (RTs, in milliseconds) as a function of age
group, cue validity, and SOA (also in milliseconds) for Experiment 1

Young Adults Young-Old Adults Old-Old Adults

SOA V I I – V V I I – V V I I – V

RT means

100 370 387 17* 475 498 23* 520 525 5

300 335 342 7* 445 464 19* 472 493 21*

600 326 335 9* 429 430 1 441 447 6†

1,000 323 329 6* 413 426 13* 445 446 1

RT SDs

100 63 58 31 75 79 29 92 86 34

300 59 55 20 79 83 23 85 82 27

600 53 60 18 95 91 31 87 88 23

1,000 55 55 16 82 79 31 89 89 27

SOA = stimulus onset asynchrony between the gaze cue and target,
V = validly cued target, I = invalidly cued target, I – V = invalid RT
minus valid RT (mean difference score). * The difference score was
significantly greater than 0 by t test, p < .05. †The difference score was
marginally greater than 0 by t test, .05 < p < .10
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All main effects were significant: age group, F(2, 117) =
35.10, p < .001, cue validity, F(1, 117) = 69.09, p < .001, and
cue–target SOA, F (3, 351) = 218.19, p < .001. SNK analyses
indicated that the old-old adults and young-old adults were
slower to respond than young adults (474, 447, and 343 ms,
respectively), ps < .05, but that RTs did not differ significantly
between the two older groups, p > .05. The cue validity
effect indicated that participants responded faster to validly
cued targets (416 ms) than to invalidly cued targets
(427 ms). The main effect of cue–target SOA reflected an
overall decrease in RTs as SOA increased (462, 425, 401,
and 397 ms for SOAs of 100, 300, 600, and 1,000 ms,
respectively), a standard foreperiod effect (Friesen &
Kingstone, 1998; Posner, 1978).

We found two significant two-way interactions. The Age
Group × SOA interaction, F (6, 351) = 5.94, p < .001,
reflected a greater decrease in RTs with increasing SOAs for
old-old adults than for the other two age groups. The Cue
Validity × SOA interaction, F (3, 351) = 5.99, p < .001,
reflecting temporal modulation of validity effects, was exam-
ined with separate one-way ANOVAs assessing the cue va-
lidity effects at each SOA. Validity effects (valid RTs < invalid
RTs) were significant at all four SOAs, all Fs > 5.8, all
ps < .05. Post-hoc SNK analyses on the validity effect differ-
ence scores (invalid RT minus valid RT) revealed that validity
effects were greater at the 100- and 300-ms SOAs (15 and
16 ms, respectively) than at the 600- and 1,000-ms SOAs
(5 and 6 ms, respectively).

Finally, we found a significant Age Group × SOA × Cue
Validity interaction, F (6, 351) = 3.56, p = .002, which is
illustrated in Fig. 2. When examined separately, each of the
three age groups showed significant Cue Validity × SOA
interactions, all Fs > 3.1, all ps < .05. As assessed with
SNKs comparing validity effect difference scores across the
SOAs, young adults had greater validity effects at the 100-ms
SOA than at the 300-, 600-, or 1,000-ms SOAs. Young-old
adults had greater validity effects at the 100- and 300-ms
SOAs than at the 600-ms SOA (the 1,000-ms SOA was not
significantly different from the other SOAs). Finally, old-old
adults showed greater validity effects at the 300-ms SOA than at
the 100-, 600-, or 1,000-ms SOA. Age differences in validity
effects were observed at the 100-ms SOA, F(2, 117) = 4.21,
p = .017, and at the 300-ms SOA, F(2, 117) = 4.24, p = .017.
SNK analyses showed that at 100 ms, the young and young-old
adults had greater validity effects than did the old-old adults, and
at 300 ms, the two older groups had greater validity effects than
did the young adults.

To address the possibility that general slowing affected the
group differences in validity effects (Faust, Balota, Spieler, &
Ferraro, 1999), we conducted a second set of analyses on RTs
that were transformed to account for slowing (Madden,
Whiting, Cabeza, & Huettel, 2004). Brinley plot analyses
(Cerella, 1994) were used to determine the regression equations

that best characterized the linear relationship between the eight
Cue Validity × SOA condition means of old-old adults with
those of the other two groups. We used the resulting equations
(see Eqs. 1 and 2 below) to transform the data of young and
young-old participants (i.e., we introduced slowing effects to
their data). The assumption of this approach was that if age
interactions remained significant after transforming the data,
then the interactions were likely representative of cognitive or
perceptual effects, largely independent of general slowing. The
transformed data were submitted to the same 3 × 2 × 4ANOVA
used in the original analysis. Results indicated that the main
effect of age, F < 1, was no longer significant, as expected. The
main effects of cue validity, F(1, 117) = 76.98, p < .001, and
SOA, F(3, 351) = 225.30, p < .001, remained significant, as
did the three-way interaction of age group, cue validity, and
SOA, F(6, 351) = 3.39, p = .003. As in the original analysis,
age differences in the validity effects at the 100-ms SOA,
F(2, 117) = 5.52, p = .005, reflected greater validity effects
for the young and young-old adults than for the old-old adults.
The age difference at the 300-ms SOA was now marginally
significant, F(2, 117) = 2.49, p = .087, and SNK analyses
showed that the validity effects of the two older groups did
not differ significantly from those of the young adults.

Old−old RT ¼ 1:42 Young RTð Þ − 15ms; r2 ¼ :87 ð1Þ

Old−old RT ¼ 1:16 Young−old RTð Þ − 47ms; r2 ¼ :93 ð2Þ

Discussion

We predicted that all three age groups would orient atten-
tion in response to gaze direction. When presented 300 ms
following cue onset, all three age groups responded more
quickly to targets at gazed-at locations than to targets at
the opposite locations, and these validity effects were
greater in magnitude for the two older groups than for
young adults. However, the age difference did not statis-
tically withstand a data transform that took into account
generalized slowing, suggesting that nonattentional fac-
tors contributed to the enhanced validity effects for older
adults. Young adults and young-old adults showed cue
validity effects (comparable in magnitude) at an even
shorter cue–target interval of 100 ms, consistent with
reflexive orienting in response to gaze shifts (Friesen &
Kingstone, 1998; Ristic et al., 2002).

Surprisingly, old-old adults did not show validity effects at
100 ms. One possible explanation for this delayed orienting
effect is that old-old adults were slower to process gaze cue
information than the other two age groups, thus delaying
orienting. A second possibility is that old-old adults had
difficulty disengaging attention from the gaze cue itself to
orient toward the gazed-at location, and that the 300-ms
SOA, but not the 100-ms SOA, provided sufficient time to
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disengage and shift attention before the target was presented.
These two possibilities were explored in Experiment 2. The
cueing pattern for old-old adults was not consistent with past
findings with arrow and peripheral cues of enhanced validity
effects for this age group (Greenwood & Parasuraman, 1994;
Langley et al., 2011), suggesting that different cue types are
associated with unique age patterns.

Experiment 2

To investigate whether the validity effects observed in
Experiment 1 (faster responses to validly cued targets than
to invalidly cued targets at short cue–target SOAs) were best
explained by reflexive orienting in response to central gaze
cues or interference from conflicting cue–target information,
we shortened the duration of the cue (to 50 ms) and removed
temporal overlap with the target. If validity effects remained,
they could not be due to conflicting information from concur-
rently presented stimuli. Shortening cue duration would also
test the competing hypotheses for the delayed orienting per-
formance of old-old adults in Experiment 1. If old-old adults
had difficulty processing the gaze cue, then their validity
effects should be further diminished or delayed with a shorter
cue duration. However, if old-old adults had difficulty
disengaging from a persistent cue, then reducing cue duration

should encourage disengagement, leading to validity effects at
the early cue–target interval.

Method

Participants Groups of 40 young adults (18–28 years; 27
women, 13 men), 40 young-old adults (60–74 years; 27
women, 13 men), and 40 old-old adults (75–91 years; 27
women, 13 men) were included in the data analysis for
Experiment 2 (see Table 1 for the participants’ screening and
psychometric data). Participants were recruited and screened
in the same manner as in Experiment 1, but the two experi-
ments had no participants in common.

Materials and procedure The materials, stimuli, and proce-
dure were the same as those described for Experiment 1,
except that the cue no longer overlapped temporally with the
target, but was instead presented for 50 ms and then removed
and replaced by the initial fixation display. A sample trial
sequence is presented in Fig. 3. After an interstimulus interval
of 50, 250, 550, or 950 ms (corresponding to cue–target SOAs
of 100, 300, 600, and 1,000 ms), the target was presented until
the participant had responded or 6,000 ms had elapsed. As in
Experiment 1, participants were told that the gaze direction
would not assist them in predicting the target location.
They completed two blocks of 80 trials, for a total of 160

Fig. 2 Cueing effects (invalid response times [RTs] minus valid RTs) for each age group across the four stimulus onset asynchronies (SOAs) for Experiment 1
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experimental trials (80 valid and 80 invalid). Each block
began with eight practice trials.

Results

Mean RTs as a function of age group, cue validity, and cue–
target SOA are presented in Table 3. Errors were rare within
each condition for each age group (less than 2 %). Outlier RTs
(less than 150 ms or more than 2,500 ms; less than 1 % of
trials per group) were removed, and median RTs were calcu-
lated for correct responses and submitted to the same 3 × 2 × 4
mixed ANOVA described in Experiment 1.

All main effects were significant: age group, F(2, 117) =
48.25, p < .001, cue validity, F(1, 117) = 50.75, p < .001, and

cue–target SOA, F (3, 351) = 214.21, p < .001. Old-old adults
were slower to respond than young-old adults, who were in
turn slower to respond than young adults (472, 426, and
325ms, respectively), as was indicated by SNKpost-hoc tests,
ps < .05.We observed a significant validity effect; participants
responded more quickly to validly (403 ms) than to invalidly
(412 ms) cued targets. The main effect of cue–target SOA
once again reflected an overall decrease in RTs as SOAs
increased (448, 408, 389, and 385 ms for SOAs of 100, 300,
600, and 1,000 ms, respectively).

A Cue Validity × SOA interaction emerged, F(3, 351) =
7.43, p < .001, which we examined with separate one-way
ANOVAs on cue validity at each SOA. Validity effects were
significant at the 100-ms SOA, F (1, 119) = 49.65, p < .001,
and the 300-ms SOA, F(1, 119) = 32.81, p < .001 (15 and
13 ms, respectively), but not at the 600-ms, F(1, 119) = 2.36,
p = .127, or the 1,000-ms, F (1, 119) = 2.11, p = .149, SOA (3
and 4 ms, respectively). The Age Group × Cue Validity ×
SOA interaction was not significant, F (6, 351) = 0.21,
p = .975. Significant age differences in the validity effect
difference scores (invalid RT minus valid RT) were not found
at any of the SOAs, all Fs < 1 (see Fig. 4).

Using the approach described in Experiment 1, we
transformed the data to address the potential influence of
general slowing on validity effects (in this case, determining
whether slowing masked age-related decreases in validity
effects). After the Brinley transform on young adult and
young-old adult data (using Eqs. 3 and 4 below), we repeated
the 3 × 2 × 4 ANOVA. As expected, age differences in RTs
were no longer observed (mean RTs of 473, 470, and 472 ms
for young adults, young-old adults, and old-old adults, respec-
tively), F(2, 117) = 0.02, p = .983. The main effects of cue
validity, F(1, 117) = 51.69, p < .001, and SOA, F(3, 351) =
217.91, p < .001, remained significant, as did the two-way
interaction between cue validity and SOA, F (3, 351) = 7.71,
p < .001. Significant age differences in validity effects were
not found at any of the SOAs, all Fs < 1.10, all ps > .30.

Old−old RT ¼ 1:05 Young RTð Þ þ 132; r2 ¼ :96 ð3Þ

Old−old RT ¼ 0:93 Young−old RTð Þ þ 74; r2 ¼ :99 ð4Þ

Discussion

In Experiment 2, even with a short-duration gaze cue that was
removed prior to target onset, cueing effects developed quick-
ly. Responses were faster to targets at gazed-at locations than
to targets at opposite locations, and these validity effects were
evident at cue–target SOAs of 100 and 300 ms. As we found
in Experiment 1, validity effects diminished at longer cue–
target intervals. The response pattern was largely unchanged
from Experiment 1 and was consistent with the reflexive
orienting pattern observed in other gaze cue studies using a

Table 3 Response times (RTs, in milliseconds) as a function of age
group, cue validity, and SOA (also in milliseconds) for Experiment 2

Young Adults Young-Old Adults Old-Old Adults

SOA V I I – V V I I – V V I I – V

RT means

100 356 371 15* 461 475 14* 503 519 16*

300 314 326 12* 424 434 10* 467 484 17*

600 308 310 2 404 409 5 450 453 3

1,000 304 307 3 398 401 3 447 452 5

RT SDs

100 51 47 20 72 75 23 91 99 27

300 47 52 19 66 67 29 86 94 24

600 45 43 19 69 69 26 88 94 26

1,000 44 42 16 67 64 31 94 97 31

SOA = stimulus onset asynchrony between the gaze cue and target,
V = validly cued target, I = invalidly cued target, I – V = invalid RT
minus valid RT (mean difference score). * The difference score was
significantly greater than 0 by t test, p < .05

Fig. 3 Trial sequence for Experiment 2. The stimuli are not scaled to size
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longer-duration cue (e.g., Bayliss, di Pelligrino, & Tipper,
2005; Friesen & Kingstone, 1998; Ristic et al., 2002). The
performance of all three age groups in Experiment 2 reflected
reflexive orienting in response to gaze cues, and the magni-
tude of the orienting effect did not vary by age. As such, it is
difficult to argue that the validity effects of Experiment 1 were
due primarily to competition between incompatible stimuli.

We did not find significant age differences in orienting
patterns. The results of Experiment 2 were most consistent
with the interpretation that, in Experiment 1, old-old adults
were not able to disengage rapidly from the gaze cue while it
remained on the screen. It appeared that shortening the dura-
tion of the cue in Experiment 2 encouraged such disengage-
ment, and thus, validity effects emerged at 100 ms.
Furthermore, the results were not consistent with our alterna-
tive hypothesis that in Experiment 1 old-old adults were slow
to demonstrate validity effects because of diminished process-
ing of the cue. If this had been the case, we would have
expected further degradation of orienting effects with the
shortened cue duration of 50 ms.

General discussion

Faces and eyes provide important social information.
Following a person’s gaze allows individuals to rapidly share
information about items or events of interest in the visual

environment. The present findings provide additional evi-
dence that gaze shifting triggers reflexive orienting (Friesen
& Kingstone, 1998; Frischen et al., 2007). Participants were
faster to detect a target when its location had been indicated by
a gaze shift, even when gaze direction was not predictive
across trials of target location. The validity effects developed
rapidly, by 100 and 300 ms after cue onset, and diminished at
longer cue–target intervals, which was consistent with the time
course of reflexive rather than volitional orienting (Jonides,
1981; Klein et al., 1992). Even when the cue was removed
prior to target onset (Exp. 2), validity effects remained, arguing
against conflict between concurrently presented stimuli as the
reason responses were slower to invalidly cued targets (Green
et al., 2013; Green & Woldorff, 2012).

Older adults’ response patterns also supported a reflexive
orienting interpretation. Their validity effects were compara-
ble in magnitude and time course to those of young adults,
developing quickly and resolving over time. One age-related
difference was noted for old-old adults, who showed delayed
validity effects with long-duration cues. Shortening the cue
duration hastened the onset of the validity effect, a finding that
is inconsistent with a cue–target conflict interpretation. If
validity effects represent interference from conflicting stimu-
lus input, then it is difficult to imagine how shortening the cue
duration would increase the early-SOA interference effect for
old-old adults. Instead, the findings suggest that old-old adults
were slow to disengage from a persistent gaze cue (the face

Fig. 4 Cueing effects (invalid response times [RTs] minus valid RTs) for each age group across the four stimulus onset asynchronies (SOAs) for Experiment 2
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itself, presented at central fixation) but could orient toward the
gazed-at location once the cue was removed. Overall, the
response pattern (rapid development of validity effects that
diminished at longer cue–target intervals) produced under the
present stimulus conditions (in response to uninformative
central cues that did not overlap temporally with the target)
and across multiple age groups (young adults, young-old
adults, and old-old adults) argues for an interpretation of
reflexive orienting in response to central directional gaze cues
that is relatively unchanged with age.

Although smaller in magnitude than the validity effects at
100 and 300 ms, validity effects in Experiment 1 (with long-
duration cues) were significant at 600 and 1,000 ms. Validity
effects were not significant at the longer SOAs in Experiment 2
(with short-duration cues). A similar pattern of validity effects
has been found for young adults in other gaze cueing studies
using long-duration cues, with significant but small (e.g., 5–
10 ms) validity effects at SOAs of 500 ms or longer (Friesen &
Kingstone, 1998; Hietanen, Leppänen, Nummenmaa, &
Astikainen, 2008; Nummenmaa & Hietanen, 2009; Ristic
et al., 2002). As in our results from Experiment 2, Greene,
Mooshagian, Kaplan, Zaidel, and Iacoboni (2009) did
not find validity effects at 900 ms with short-duration cues.
Interestingly, McKee et al. (2007) used long- and short-
duration cues (the short-duration cues involved the eye gaze
returning to center) within the same experiment and found
validity effects were larger for long-duration than for short-
duration cues at 720 and 1,440 ms. Together the evidence
suggests that gaze cue duration is an important predictor of
the time course of cueing effects, and that participants are
better able to maintain attention at a gazed-at location when
the cue remains present. Whether extended validity effects for
long-duration cues are the result of voluntary or reflexive
attention requires further investigation.

Importantly, we found evidence for reflexive orienting in
response to central gaze cues in both young and older adults,
indicating that this socially relevant cue remains an influential
attentional trigger later in life. Although older adults demon-
strated gaze-induced orienting in earlier studies (Slessor et al.,
2010; Slessor et al., 2008), an age-related decrease in cueing
effects was likely due to enhanced validity effects for young
adults associated with the use of young adult face cues (age-
consistency effects; Slessor et al., 2010). The present study
used a schematic face rather than a photographed face to avoid
age-consistency effects, and we did not observe age-related
decreases in validity effects. Instead, the magnitude and time
course of older adults’ gaze-triggered validity effects were
indistinguishable from those of young adults, at least when
cue duration was short. We also demonstrated in the present
study, using uninformative cues and short cue–target intervals,
the reflexive nature of older adults’ gaze-triggered orienting,
whereas earlier studies investigated age patterns under condi-
tions that allowed the possibility of volitional orienting

(predictive cues or long cue–target intervals; Slessor et al.,
2010; Slessor et al., 2008).

Given the social significance and ubiquitous nature of gaze
cues in daily interpersonal interactions, perhaps it is not sur-
prising to find that older adults oriented in response to gaze
shifts. However, with continuing debate regarding the reflex-
ive nature of central directional cues (Chanon & Hopfinger,
2011; Green et al., 2013; Green & Woldorff, 2012; Stevens,
West, Al-Aidroos, Weger, & Pratt, 2008), and with unique age
patterns for different forms of directional cues (central or
peripheral, volitional or reflexive; Castel, Chasteen, Scialfa,
& Pratt, 2003; Folk & Hoyer, 1992; Langley et al., 2011;
Lincourt et al., 1997), it is important to establish the orienting
response of older adults to this uniquely social cue. Moreover,
the age-related stability of gaze-triggered orienting likely has
important implications for joint attention in older adults. With
evidence that age is associated with reductions in attentional
capacity (Craik, Luo, & Sakuta, 2010; Kim & Giovanello,
2011; Tellinghuisen et al., 1996), reflexive gaze-triggered
orienting, which puts little demand on processing resources
(Xu, Zhang, & Geng, 2011), could be important for helping
older adults efficiently process the attentional viewpoint of
others. Gaze-triggered orienting likely continues to be impor-
tant for learning and social interactions in later life.

In many ways, the patterns observed in the present study
are similar to the age-related patterns established with
uninformative central arrow cues (Langley et al., 2011). In a
paradigm identical to the present one except for the cueing
stimuli, arrow-triggered validity effects developed quickly (by
100 ms for all three age groups) and lasted longer for older
adults (still observed at 300 ms; Exp. 1). This age difference
was minimized when the cue was removed prior to target
onset (Exp. 2). In the present study, orienting effects were also
established quickly (by 100ms), except for old-old adults who
did not show validity effects until 300 ms. Thus, both studies
showed early validity effects (at 100 and 300 ms) that dimin-
ished at later cue–target intervals, consistent with reflexive
orienting to central cues for all age groups. Also, in both
studies, orienting responses to central cues were at least as
strong in older adults as in young adults. Although the results
were obtained in separate studies, the similarity in age patterns
for arrow and gaze cues joins other evidence suggesting that
the orienting processes for these two types of central cues
share important commonalities (Bayliss et al., 2005; Ristic
et al., 2002; Stevens et al., 2008). In fact, Ristic and Kingstone
(2012) recently proposed that a unique orienting system exists
for central symbolic cues (like arrows and eye direction) that
provide behaviorally and biologically relevant directional in-
formation. This “automated symbolic orienting system,” as
they labeled it, responds to central symbolic cues in a rapid,
unintentional, and automatic (reflexive) fashion. In contrast to
exogenous orienting to peripheral onset events, the reflexive
nature of orienting induced by central symbolic cues results
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from repeated exposure to strong environmental contingen-
cies over time (e.g., arrows consistently provide valid infor-
mation for guiding spatial navigation). As evidence that the
automated symbolic orienting system is distinct from tradi-
tionally defined exogenous and endogenous orienting sys-
tems, Ristic and Kingstone (2012) demonstrated that when
central symbolic cues (uninformative arrows) were presented
with classic cues known to engage either the exogenous
orienting system (uninformative peripheral onset cues) or the
endogenous orienting system (directionally predictive central
digits), the effects of the two types of cues were independent
(i.e., did not interact). Thus, the reflexive orienting patterns in
response to uninformative central cues that were observed in
the present study are consistent with the automated symbolic
orienting system proposed by Ristic and Kingstone (2012).

The primary age-related difference in orienting patterns
between gaze and arrow cues was specific to old-old adults.
Individuals over 75 years were slow to orient in response to a
persistent gaze cue (with no orienting effects until 300 ms),
but in a previous study using a nearly identical paradigm
(Langley et al., 2011), old-old adults were not slow to orient
in response to a persistent arrow cue. Because of the important
social information that faces and eyes convey, humans may
have an innate or learned tendency to focus on faces when
present (e.g., maintaining eye contact during social interac-
tions; Kingstone et al., 2003). Old-old adults, who are known
to have difficulty disengaging from other types of cues
(Greenwood & Parasuraman, 1994; Langley et al., 2011),
may have maintained focus on the gaze cue longer than the
other age groups when it remained present (Exp. 1). Slow
disengagement from the cue face would have delayed atten-
tion to the location indicated by the cue (thus, no cueing
effects at 100 ms). We found evidence to support the disen-
gagement hypothesis in Experiment 2; old-old adults showed
rapid validity effects when the gaze cue was removed prior to
target presentation. Together, the results suggest that gaze cues
reflexively orient attention, but that late in life, a reduced
ability to withdraw from socially relevant information, partic-
ularly when that information is salient or persisting, may alter
or compete with orienting processes. The results also suggest
that disengagement difficulties may manifest themselves dif-
ferently with different types of cues. In past studies, old-old
adults demonstrated enhanced cueing effects with arrow
and peripheral cues (Greenwood & Parasuraman, 1994;
Langley et al., 2011). This pattern suggests that, rather than
being slow to disengage from the cue itself (at least in the case
of arrow cues), old-old adults quickly directed attention to-
ward the cued location, but that they were then slow to
disengage from that location, which served to enhance the
cueing effect when the target then appeared.

It should be noted that, althoughwe used an age of 75 years
to distinguish the young-old group from the old-old group, it
is likely that changes in attentional disengagement occur

progressively in late life rather than abruptly after a certain
age. We should also keep in mind, when considering the age
patterns from the present study, that we tested two high-
functioning groups of older adults (with more years of educa-
tion and higher vocabulary scores than the young adult
group); thus, our findings may not represent age differences
in spatial orienting that would be found in a more general
population of older adults.

In the present study, we did not include a neutral condition
(e.g., a cue with pupils directed straight ahead) to distinguish
the benefits of a valid cue from the costs of an invalid cue.
Ideally, benefits (faster responses to validly cued targets than
to neutrally cued targets) would reflect shifts of attention
initiated by a valid cue, whereas costs (slower responses to
invalidly cued targets than to neutrally cued targets) would
reflect the time needed to reorient attention from the gazed-at
location to the location of the target. Both benefits and costs
should be evident to support a spatial orienting interpretation.
If performance is characterized by only costs (Green et al.,
2013; Green & Woldorff, 2012, Exp. 2), then it is difficult to
argue that a gaze shift facilitated orienting to a location. That
said, it can be challenging to establish a truly neutral condition
with which to assess benefits and costs (Jonides & Mack,
1984), and as a result, most studies have examined orienting
patterns in the absence of neutral cues (e.g., Bayliss et al.,
2005; Quadflieg et al., 2004; Tipples, 2002). A notable ex-
ception is one of the initial gaze-cueing studies (Friesen &
Kingstone, 1998), which showed that validity effects were due
primarily to benefits rather than costs. This pattern was
established with long-duration cues and should be readdressed
with short-duration cues, and in the performance of both
young and older adults.

Another consideration with regard to the paradigm was the
opportunity for response bias to influence validity effects.
Participants made a target localization response (indicating
whether the target was to the left or right of fixation) by
pressing left and right buttons. The directional gaze cue
(looking left or right) may have primed a particular response
rather than oriented attention to a particular location.
However, some evidence argues against a response priming
interpretation. Friesen and Kingstone (1998) examined young
adults’ validity effects to gaze cues using three responses:
target localization, letter discrimination, and target detection.
Because the latter two responses did not rely on target loca-
tion, cueing effects could not be influenced by response bias.
Validity effects did not differ in magnitude between the three
response types, reducing the possibility that response priming
influenced validity effects on the localization task. Also argu-
ing against a response bias interpretation is the validity effect
pattern for old-old adults in the present study. In Experiment 1,
old-old adults were slower to show validity effects than the
two younger groups. From a response bias perspective, we
would interpret this delay as an age-related slowing in priming
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development. However, when the gaze cue was removed prior
to target presentation in Experiment 2, old-old adults showed
validity effects at the shortest SOA. If the gaze cue was
priming a particular response, why would priming be facili-
tated with a shorter-duration cue? Although we argue in favor
of an attention-based interpretation of the present findings, we
acknowledge that response bias could have influenced the
results. It would be diligent to replicate the present findings
with responses (e.g., target detection, feature discrimination)
that reduce the opportunity for response bias.

Also worth investigating is whether the three age groups
would produce similar validity effects using a simultaneous
cue–target condition (0-ms SOA). Green andWoldorff (2012)
argued that cueing effects for simultaneous stimuli likely
represent cue–target conflict rather than orienting. However,
because the cue is presented at visual fixation, it is possible
that the cue is processed before the target and thus still serves
to direct attention to the target, even when presented simulta-
neously with the target. As a consequence, this cueing condi-
tion may not be a strong discriminator between stimulus
conflict and orienting effects. That said, for cueing effects in
the simultaneous condition to be interpreted as attentional
orienting, they should be consistent with the time course of
cueing effects across the other cue–target SOAs (e.g., showing
strong cueing effects at the 0-ms SOA or a buildup of cueing
effects with increasing SOA, depending on the age group and
cue duration).

To conclude, we found that all three age groups oriented
rapidly in response to a shift in gaze when gaze direction was
not predictive of target location. Orienting effects diminished
quickly, consistent with reflexive responses to central direc-
tional cues. The response pattern could not be accounted for
by stimulus conflict between an incongruent cue and target,
because orienting effects were maintained when the cue and
target were separated in time. Age effects were minimal,
suggesting the relative preservation of this orienting system
later in life, which could have important implications for the
stability of joint attention. The observed age effects were
specific to individuals over age 75, such that old-old adults
took longer to orient attention to a gazed-at location when the
gaze cue remained present, suggesting that this group was
slow to disengage attention from the cue. Thus, although this
form of orienting behavior appears to be relatively stable with
age, under certain conditions it has the potential for subtle
modification in late life.
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