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Gaze-following behaviour is considered crucial for social interactions which are influenced by social
similarity. We investigated whether the degree of similarity, as indicated by the perceived age of another
person, can modulate gaze following. Participants of three different age-groups (18–25; 35–45; over 65)
performed an eye movement (a saccade) towards an instructed target while ignoring the gaze-shift of
distracters of different age-ranges (6–10; 18–25; 35–45; over 70). The results show that gaze following was
modulated by the distracter face age only for young adults. Particularly, the over 70 year-old distracters
exerted the least interference effect. The distracters of a similar age-range as the young adults (18–25; 35–45)
had the most effect, indicating a blurred own-age bias (OAB) only for the young age group. These findings
suggest that face age can modulate gaze following, but this modulation could be due to factors other than just
OAB (e.g., familiarity).

T
he gaze of other people allows the rapid extraction of socially relevant information (e.g., their focus of
attention, their intentional and mental states) and triggers gaze-following behaviour (i.e., an automatic
tendency to look and pay attention to where another person is looking). Gaze following behaviour provides

an early1,2 and direct index of the automatic overt orienting of social attention3 and is thought to be a building
block of social interactions4,5,6. The automatic nature of gaze-following behaviour has been demonstrated by the
fact that seeing another’s person gaze-shift can interfere with one’s own execution of an oculomotor task7.

Despite the automatic-reflexive nature of gaze-following behaviour, recent studies have shown that the orient-
ing of social attention is likely to be a product of both stimulus-driven and top-down attentional mechanisms8.
With reference to top-down mechanisms, it has been demonstrated that the orienting of social attention can be
influenced by high-order socio-cognitive variables, such as social status9, political affiliation10, context11,12, and
familiarity13. Similar results have been reported by studies (e.g., Dalmaso et al.9) that investigated the impact of
social status on covert orienting of social attention. For instance, Dalmaso and colleagues9, using fictional
curriculum vitae conveying either high or low social status information, found greater gaze-cuing for faces
associated with high social status than for faces associated with low social status, suggesting that the orienting
of social attention is not immune to top-down influences and that it can be modulated by contextually relevant
information.

In terms of stimulus-driven mechanisms, it has recently been shown that social attention is sensitive to facial
cues other than gaze direction, such as facial physical self-similarity14, facial masculinity which provides cues of
dominance15,16, and emotional expressions17,18. For example, Hungr and Hunt14 manipulated self-similarity by
morphing the face of each participant with those of strangers and found a stronger gaze cueing effect when self-
similar faces were created by morphing in equal proportion the participant’s face with that of a stranger of the
same gender (a manipulation that made explicit the recognition of the participants in the cueing face), suggesting
that the perceived self-similarity of a distracting face influences the degree to which participants use gaze direction
to orient their own attention14.

Interestingly, age acts as an automatic or stimulus-driven in-group categorization cue19, which is rapidly
extracted from the visual features of the other’s person’s face and can give rise to an Own-Age Bias (OAB, i.e.,
the superiority of face processing skills - e.g., face recognition - for faces of one’s own-age group compared to faces
of another age group20).

Taken together, the aforementioned findings suggest that we do not orient our own attention in response to
another person’s gaze always in the same way. In other words, the orienting of social attention is not truly
reflexive, but depends in part on who the person is that we are looking at. In fact, sometimes the gaze-shifts of
some people seem to be more important or salient than others depending on facial features, familiarity, social and
environmental relevance.
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As far as face age is concerned, we hypothesized that perceived
similarity, being either an OAB and/or in-group membership con-
veyed by face age may render the other person particularly relevant to
the observer, since social interaction and communication are facili-
tated between similar individuals21,22,23,24. Thus, we expected that per-
ceived similarity conveyed by face age may modulate gaze-following
behaviour. The reason is that the other person’s gaze direction com-
municates a point of interest in the environment for the observer.
Orienting one’s own attention in the same direction establishes a
social relationship between the looker and the observer which would
be enhanced between similar individuals and/or individuals of
the same group (in-group members), particularly in young adults,
because it is likely that they have similar interests or have similar aims.

Only two studies25,26 have investigated the effect of face age on
covert orienting of social attention, and none have investigated its
effect on overt orienting. Using a gaze-cueing task, Slessor and col-
leagues26 tested both young and old participants and reported a
greater gaze-cueing effect only in younger adults for own-age dis-
tracters compared to elderly faces, suggesting a possible role of OAB
in social attention orienting similar to that found for face recognition
memory20,27,28. However, Slessor and colleagues25,26 limited their
interest to only two ages ranges: young adults and elderly people.
Age, however, is a continuous variable, and it appears important to
examine effects of face age using stimuli with a fine-grained age
range. A wider range of ages was used by Wolff and colleagues28

but to test the age effect on face recognition memory. To the best
of our knowledge no studies have investigated the effect of face age on
social attention and in particular on gaze-following behaviour, using
more than two face-age categories. Similarly, although previous stud-
ies have investigated the effect of several facial cues, the effect of face
age as an important similarity factor29 has not been tested before.

Our aim was to systematically investigate in young adults whether
gaze-following behaviour can be modulated by the visual character-
istics of a face, and in particular by face age that provides a similarity
cue and which we are widely exposed to from a very young age (see30

for a review). Moreover, it leads to an automatic and spontaneous
social categorization of unfamiliar individuals into in-group vs. out-
group members19. To this end, we asked young participants (18–25
years old) to perform goal-directed saccades towards an instructed
target while ignoring distracters of different ages whose gaze shifted
towards or away from the instructed target (Main experiment). Two
additional groups of participants (35–45 and over 65 years old) were
also tested in a control experiment to check whether a similar effect
could be found in middle-aged and elderly participants. We recorded
participants’ eye movements since they provide a more direct mea-
sure of the automaticity of the orienting of social attention than
manual response times. We predicted that similarity conveyed by
face age would increase the occurrence of gaze-following behaviour,
leading to a higher interfering effect on oculomotor performance
(e.g., higher percentage of saccadic errors in the direction of the
distracter’s gaze), specifically when the age of the distracting face
matches that of the participants. In particular, we were expected to
find it in young adults whereas, in line with previous gaze-cueing
studies, this may not be the case with elderly participants26. Such a
result would provide new evidence of the role of bottom-up manip-
ulation in mediating the enhancement of gaze-following behaviour
by implicitly changing the relevance of the gaze cue for the observer.

Results
For data correction and age manipulation check analysis see
Supplementary information S1 and S2.

Antisaccadic error analysis. Antisaccadic errors were our first
variable of interest since they provide a direct measure of the
automatic tendency to follow somebody else’s gaze7,10,11. Indeed, if
people tend to automatically follow the gaze direction of other

individuals, then one might predict a greater violation of the
instruction cue (i.e., higher percentage of antisaccades) in the
incongruent condition (where there is a mismatching between
distracter’s gaze direction and instructed direction) than in the
congruent condition (where distracter’s gaze direction and
instructed direction match). The automaticity of gaze-following
behaviour should also lead to a higher percentage of antisaccades
when the observers see the distracters’ gaze moving before the
instruction cue onset than after it, indicating that an oculomotor
programme to saccade in the same direction of the distracting gaze
is initially and automatically induced by the observation of gaze
direction7,11. In other words, by varying when the instruction cue
onset occurs in relation to the distracter gaze shift (Stimulus Onset
Asynchrony or SOA manipulation) it is possible to obtain a measure
of the automaticity of the gaze-following behaviour. In particular, the
distracting gaze onset could occur 100 ms after (2100-ms SOA) the
instruction cue (the least distracting condition), or 100 before (100-
ms SOA) the instruction cue (the most distracting condition, and
thus the one which indicates that the gaze-following behavior is
automatic). Moreover, a modulatory effect of age similarity on
gaze-following behaviour should be revealed by a greater violation
of the instruction when the age of the distracting face matches that of
the participants.

Main Experiment. The mean percentages of antisaccadic errors
were computed across participants for each combination of the
experimental variables. These data were then submitted to a three-
way repeated measures analysis of variance (ANOVA), with
Distracter Age [6–10 years (children), vs. 18–25 years (young
adults), vs. 35–45 years (adults), vs. over 70 years (elderly adults)],
SOA [2100 ms (distracting gaze onset after the instruction cue) vs.
100 ms (distracting gaze onset before the instruction cue)],
and Congruence between the distracting gaze direction and the
instructed direction (congruent vs. incongruent) as the within-
subjects factors. Post-hoc comparisons were performed using the
Duncan’s test with an alpha level of .05. We also reported the
partial eta squared values (gp

2) as an additional metric of effect
size for all significant or marginally significant ANOVA contrasts.

The ANOVA confirmed an automatic tendency to follow the dis-
tracting gaze, as it revealed a significant main effect of Congruence
[F(1,22) 5 37.72, MSE 5 6965.50, p , .0001, gp

2 5 .63], reflecting a
higher percentage of antisaccades in the incongruent trials (12.76 6

8.87%) compared to the congruent trials (4.06 6 3.39%), and a
significant main effect of SOA [F(1,22) 5 23.02, MSE 5 4342.28, p
, .0001, gp

2 5 .51], reflecting a higher percentage of antisaccades
when the distracting gaze preceded (11.84 6 7.71%) the instruction
cue onset, rather than followed it (4.97 6 3.13%). The automaticity of
gaze-following behaviour was further confirmed by the significance
of the interaction between Congruence and SOA [F(1,22) 5 8.96,
MSE 5 990.57, p , .01, gp

2 5 .29], indicating that the difference in
percentage of antisaccades between incongruent and congruent trials
was significantly higher when the distracting gaze was presented at
the 100-ms SOA (incongruent trials 5 17.84 6 13.26%, congruent
trials 5 5.85 6 3.67%, D 5 11.99%, p , .05) than at the 2100-ms
SOA (incongruent trials 5 7.68 6 5.09%, congruent trials 5 2.26 6

1.82%, D 5 5.42%, p , .01).
More importantly, the analysis also revealed an effect of the per-

ceived age of the distracting face on gaze-following behaviour, as
indicated by the significant interaction between Congruence and
Distracter Age [F(3,66) 5 9.42, MSE 5 229.78, p , .0001, gp

2 5

.30; see Fig. 1]. Post-hoc comparisons showed that when the distrac-
ters were of the same age as the participants (i.e., young adults with an
age ranging between 18 and 25 years), the percentage of antisaccades
in the incongruent trials was significantly higher than for elderly
distracters (18–25 years: 13.27 6 8.70% vs. over-70 years: 10.71 6

7.83%, p , .03). No difference in the percentage of antisaccades
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between young adult and child distracters (6–10 years: 12.39 6
8.90%, p 5 .40), and between young adult and adult distracters
(35–45 years: 14.66 6 10.04%, p 5 .18) was found. Interestingly,
the percentage of antisaccades measured for adult distracters (35–45
years: 14.66%) was significantly higher than for child distracters (6–
10 years: 12.39%, p , .05) and elderly distracters (over-70 years:
10.71%, p , .001). Post-hoc comparisons showed a reversed pattern
of results in congruent trials (Fig. 1). Specifically, the percentage of
antisaccades when the distracters were of the same age as the parti-
cipants was significantly lower than for elderly distracters (3.31 6

2.86% vs. 6.15 6 3.79%, p , .02). Again, there was no difference in
percentage of antisaccades between young adult and child distracters
(4.15 6 3.53%), and between young adult and adult distracters (2.63
6 2.31%). No other main effects or interaction in the analysis were
significant (ps . .25).

Control Experiment. The mean percentages of antisaccadic errors
were computed as before and were then submitted to a four-way
mixed ANOVA, with Subject Age (Middle-aged group vs., Elderly
Group) as a between-subjects factor, and Distracter Age (6–10 years,
vs. 18–25 years, vs. 35–45 years, vs. over 70 years), SOA (2100 ms vs.
100 ms), and Congruence between the distracting gaze direction and
the instructed direction (congruent vs. incongruent) as within-
subjects factors. As in the main Experiment, post-hoc comparisons
were performed using the Duncan’s test (alpha level 5 .05) and the
partial eta squared values (gp

2) were reported.
As in the main experiment, the ANOVA revealed a significant

main effect of Congruence [F(1,20) 5 20.09, MSE 5 1792.32, p ,

.0003, gp
2 5 .50], reflecting a higher percentage of antisaccades in the

incongruent trials (10.56 6 1.64%) compared to the congruent trials
(6.03 6 1.26%), and a nearly significant effect of SOA [F(1,20) 5

20.09, MSE 5 513.23, p 5 .063, gp
2 5 .16], reflecting a higher

percentage of antisaccades when the distracting gaze preceded (9.51
6 1.81%) the instruction cue onset, rather than followed it (7.08 6
1.13%). However, there was no effect of the perceived age of the
distracting face on gaze-following behaviour as neither the interaction
between Congruence and Distracter Age (p 5 .35) nor the interaction
among Subject Age, Congruence and Distracter Ager was significant
(p 5 .30). No other effects reach significance (all ps . .1).

Saccadic reaction times analysis. The reaction times of correct
saccadic movements were our second variable of interest since they
could provide an indirect measure of the automaticity of gaze-
following behaviour. Indeed, although people may be able to

suppress the tendency to automatically make saccades in the
direction of the distracting gaze, one might predict that this
suppression process would be more demanding in the incongruent
trials compared to the congruent trials, even more so when the
observers see the distracters’ gaze moving before the instruction
cue onset. As a consequence, higher reaction times should be
observed under these conditions. Moreover, if age similarity
modulates gaze-following behaviour, then the reaction times in
incongruent trials should also increase when the age of the
distracter matches that of the participants compared to conditions
where no such matching occurs.

Main Experiment. We computed the mean values of SRTs across
participants for each combination of the experimental variables.
These data were submitted to a three-way repeated measures
ANOVA, with the same within-subjects factors as in the previous
analysis of errors. Post-hoc comparisons were performed as before.

The ANOVA showed a significant main effect of SOA [F (1, 22) 5
75.97, MSE 5 45338, p , .0001, gp

2 5 .78]. More importantly, the
automaticity of gaze-following behaviour was confirmed as the ana-
lysis revealed a significant main effect of Congruence [F(1,22) 5

60.89, MSE 5 16055, p , .0001, gp
2 5 .73], indicating higher

SRTs in the incongruent trials (311.63 6 35.41 ms) than in the
congruent trials (298.42 6 35.95 ms), and a significant interaction
between Congruency and SOA [F(1,22) 5 4.75, MSE 5 958, p , .05,
gp

2 5 .18], showing that the increase of SRTs in the incongruent trials
was higher at 100-ms SOA (incongruent trials 5 302.15 6 33.71 ms,
congruent trials 5 285.71 6 38.51 ms, D 5 16.44 ms, p , .0001)
than at 2100-ms SOA (incongruent trials 5 317.91 6 36.82 ms,
congruent trials 5 311.14 6 34.37 ms, D 5 6.77 ms, p , .001).

Interestingly, there was an effect of the perceived age of the dis-
tracting face on gaze-following behaviour as the interaction between
Congruence and Distracter Age was significant [F(3,66) 5 3.23, MSE
5 413, p , .03, gp

2 5 .13]. To better explore this two-way inter-
action, we calculated for each distracter age range the interference
index by subtracting the SRTs’ of congruent trials from those of the
incongruent trials. T-tests for repeated measures were performed.
They showed that the interference index for elderly distracters was
lower (6.93 6 12.20 ms; incongruent trials 5 308.91 6 34.95 ms,
congruent trials 5 301.98 6 38 ms) than that for child distracters
[15.48 6 15.59 ms, t(22) 5 2.24, p , .04; incongruent trials 5 312.71
6 36.73 ms, congruent trials 5 297.23 6 33.93 ms], young adult
distracters [14.42 6 12.00 ms, t(22) 5 2.52, p , .02; incongruent
trials 5 310.65 6 35.97 ms, congruent trials 5 296.23 6 36.09]
and adult distracters [16.01 6 13.03 ms, t(22) 5 2.28,
p , .04, see Fig. 2; incongruent trials 5 314.27 6 36.09 ms, congru-
ent trials 5 298.26 6 38.63 ms], indicating that elderly distracters
exerted the least interfering/cueing effect on gaze-following
behaviour.

Control Experiment. We computed the mean values of SRTs
as before and ran a four-way mixed ANOVA, with Subject Age
(Middle-aged group vs. Elderly group) as a between-subjects factor
and the same within-subjects factors as in the previous analysis. Post-
hoc comparisons were performed as before.

The analysis revealed a significant main effect of Subject Age [F (1,
20) 5 5.18, MSE 5 286126, p , .04, gp

2 5 .21], reflecting higher
SRTs for elderly participants (419.53 6 18.57 ms) than middle-aged
participants (362.27 6 16.96 ms). The interaction between Subject
Age and Congruence was also significant [F(1, 20) 5 5.46, MSE 5
2230, p , .04, gp

2 5 .21], indicating an automaticity of gaze-follow-
ing behaviour in middle-aged participants (incongruent trials 5

369.04 6 16.81 ms, congruent trials 5 355.50 6 17.23 ms; p ,
.0005) but not in elderly participants (incongruent trials 5 421.24
6 18.41 ms, congruent trials 5 417.82 6 18.87 ms; p 5 .26). There
was no effect of the perceived age of the distracting face as neither the
interaction between Congruence and Distracter Age (p 5 .22) nor

Figure 1 | Mean percentage of antisaccades (erroneous saccades) as a
function of congruence between the distracter gaze, the instructed
saccade, and the distracter age range for young adult participants. Error

bars represent the standard errors of means across participants. Asterisks

mark significant differences between means.
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the interaction between Subject Age, Congruence and Distracter Age
was significant (p 5 .40). No other effects reached significance (all
ps. .1).

Discussion
We investigated whether in young adults the overt orienting of social
attention triggered by seeing another person’s gaze-shift is shaped by
face age as an important similarity factor. To this end, we asked
young, middle-aged and elderly adults to perform goal-directed sac-
cades towards instructed peripheral stationary targets, while a dis-
tracting face of different ages (i.e., child, young adult, adult and
elderly distracters) with averted gaze was presented.

Our results confirmed the automatic nature of gaze-following
behaviour7,31,32 as indicated by both antisaccadic errors and correct
saccadic latencies. Specifically, our results showed that, regardless of
the age of participants, antisaccadic errors increased for averted-gaze
that was mismatched with the instructed saccade (incongruent trials)
when the distracting gaze-shift preceded the instruction7,10. In a sim-
ilar vein, we found faster correct saccadic latencies for congruent
trials than incongruent trials, especially when the distracting gaze-
shift occurred before the instruction to make the saccade in young
and middle-aged adults. On the contrary, for elderly adults the exe-
cution of correct saccades were not facilitated by congruent distract-
ing gaze-shift; this could be attributed to the overall slowdown of
saccade latencies observed for elderly compared to middle-aged
adults, and is in line with a reduced gaze cueing effect found with
manual RTs for old adults by Slessor and colleagues26.

Interestingly however, despite the automatic nature of gaze fol-
lowing, the age of the distracters affected both the accuracy and the
latency of the instructed saccades only in young adults participants.
In particular for this age category on the one hand, the results show
that the effect of the distracter age on antisaccadic errors in incon-
gruent trials was stronger for adult distracters than for child distrac-
ters and elderly distracters. On the other hand, elderly distracters
exerted less interference effect than young adult and adult distracters
in incongruent trials (i.e., lower percentage of antisaccadic errors)
and less facilitation in congruent trials (i.e., higher percentage of
antisaccadic errors than young adult and adult distracters, and the
lowest difference of the correct saccadic latencies between incongru-
ent and congruent trials). However, this was not the case for the
middle-aged and elderly participants whose results showed that the
distracter face age did not affect gaze-following behaviour.

These findings are consistent with previous studies that investi-
gated the impact of face age on covert orienting of social attention25,26

which showed a reduced gaze-cueing effect in young participants for

elderly distracters than for young face distracters25 and did not report
age-related differences in the gaze-cueing effect in elderly partici-
pants26. Since all these previous studies used faces of only two age
ranges (young vs. elderly faces) and participants from a wider range
of ages (e.g., 17 to 41) were classified as young, the observed differ-
ence in gaze-cueing effect was interpreted by the authors as evidence
of an OAB in covert orienting of attention in young adults. Here, the
results obtained by using a more fine-grained manipulation of the
distracter’s age, advocate a more cautious interpretation of the dif-
ference in the gaze-interfering/cueing effect exerted by distracters of
different ages. Specifically, in young adults although the effect of
elderly distracters was less strong than young adult and adult dis-
tracters (both in term of interfering and facilitating effects), our
findings do not show a clear-cut OAB, as the interfering effect
exerted by the distracters of the same age of the participants (i.e.,
young distracter) did not significantly differ from that of adult and
child distracters. Rather, our results as well as showing no OAB for
middle-aged and elderly participants, suggest the presence of a
blurred OAB in overt orienting of social attention in young adults.
A possible explanation for this undefined border could be due to the
influence on gaze following of familiarity with these particular face
age categories (for example as a result of perceptual learning pro-
cesses33), and/or social-cognitive mechanisms, which may shift the
boundary of the categories, so as to include a wider age range of adult
individuals. For example, this may depend on the fact that in our
society, due to a longer life expectancy and social economical factors
(such as the age of entry in the Italian job market and later retirement
age) the border that defines a person as an adult, and in particular as a
young adult or a middle-aged adults is rapidly changing and is not so
well defined34,35. Interestingly, our findings are in good keeping with
those reported by Wolff and colleagues28 in which young adults
showed similar recognition memory for young faces (18–29 years)
and young middle-aged (30–44 years) faces. In particular, they found
that the OAB in adults is not exclusively directed toward age-con-
gruent in-group faces (see also36). The fact that we did not find the
OAB in middle-aged and elderly people is not surprising given
that the evidence concerning its presence across the lifespan is
mixed20,37,38. Such inconsistency may be due to the fact that an indi-
vidual’s specific living conditions and social experience affect an
individual’s face representation so as to better represent, and be more
sensitive to, the most predominant age traits of the faces present in
his/her environment. In other words, visual experience with faces of a
wider age range, which is likely to characterize both elderly and
middle-aged individuals (but less so young adults) can tune their
perceptual face processing to the point of abolishing the disadvantage
for other-age face processing in comparison to young adults. Note

Figure 2 | Mean Saccadic Reaction Times’ difference of correct trials between incongruent and congruent trials as a function of the Distracter
Age for young adult participants. Error bars represent the standard errors of means across participants. Asterisks mark significant differences between

means.
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that our elderly participants were also grandparents (except for one)
of children of broadly of the same age of our distracters who interact
regularly with their grandchildren and the parents of their grand-
children (whose ages fall in the middle-age range). Similarly, our
middle-aged participants were colleagues of some of the authors,
who lecture to young adults, and have elderly parents with whom
they interact actively.

Both Wolff et al.’s results and our results are consistent with the
idea that in young adults the higher number of daily contacts with
own-age and middle-aged faces could explain the absence of differ-
ences between young adult and adult distracters on gaze-following
behaviour. Indeed, several studies have shown that younger adults
report having more contact with young people and adults than the
elderly28,39. Therefore, in the present study participants might have
found it more difficult to ignore the gaze cues of adults (but also of
children) because they are more familiar13 with the faces of indivi-
duals belonging to these two age groups. Thus, a greater and early
experience with these face age categories could have affected percep-
tual and social categorization processes38. Both the degree of famili-
arity or experience with a given age category, and in young adults the
social categorization into in-group based on the perceived age, may
enhance the relevance (or salience) of the face we are looking at, thus
making it more difficult to ignore the direction of its gaze.

It could also be argued that our pattern of results could be deter-
mined by age-related physical differences of the distracter faces (i.e.,
winkles, skin excess or the width of gaze), however results from an
additional control experiment (see Supplementary information S3)
exclude this possibility. No differences in discriminating the dir-
ection of gaze shifts related to the age of the distracter face, in fact,
were found across the three age groups of participants.

In summary, our findings indicate that face age modulates gaze-
following behaviour in young adults, extending previous evidence of
the role of bottom-up visual facial cues in shaping social attention14.
Moreover, in line with the previous study which investigated the
OAB in face recognition28, our results indicate, for the first time,
the presence in young adults of a broader OAB in the orienting of
social attention.

Future research is required to evaluate whether in young adults the
amount of contact that people of different ages have with other age
groups modulates the own-age bias found in gaze following.

Our study also suggests a complex interplay of face age, familiarity,
or experience with different age groups40, and social categorization
on gaze-following behaviour. Future studies are needed to clarify the
role of implicit cues of similarity on social attention. In particular on
the one hand, they should systematically investigate participants’
expertise and the level of daily contact with people of different age
groups. On the other hand, they should test whether the manipula-
tion of cues which communicate similarity (e.g., age, ethnic group,
gender, personal familiarity, religion, and political affiliation) have a
different effect depending on whether they are conveyed in a bottom-
up or top-down manner.

In conclusion, our findings provide new evidence regarding the
role of implicit cues such as face age in shaping social attention, and
suggest that the social and environmental salience of the seen face by
the observer affect the mechanisms underlying gaze-following beha-
viour, and influence how (and with whom) we orient our attention.

Method
Main Experiment. Participants. Twenty-seven right-handed undergraduate students
(19 females and 8 male; mean age 5 22.4 6 2.4 years) from the University of Milano-
Bicocca received course credits for their participation in the study. All participants
had normal or corrected-to normal vision and were unaware of the purpose of the
experiment. All gave their informed consent. The study was conducted in accordance
with the ethical standards laid down in the 1964 Declaration of Helsinki and fulfilled
the ethical standard procedure recommended by the Italian Association of
Psychology (AIP). All experimental protocols were also approved by the ethical
committee of the University of Milano-Bicocca.

Apparatus and Stimuli. For all experiments the apparatus and stimuli were identical.
The participants sat about 50 cm from a 19-inch LCD monitor (Samsung SyncMaster
943; resolution: 1280 3 1024 pixels; refresh rate: 60 Hz) with their head placed on a
chinrest in order to maintain a stable eye-to-screen distance. Eye position and eye
movements were measured monocularly in real-time by means of an infrared video-
based system (EyeLink II, SR Research Ltd., Mississauga, Ontario, Canada). For all the
participants, the movements of their right eye were recorded. Stimulus presentation
and response collection were controlled by the SR Research Experiment Builder
software (version 1.10.56). Since previous studies showed gaze cueing to be relatively
unaffected by changes of facial identity41,42 we did not include as experimental stimuli
a wide range of face identity but we selected 16 grayscale photographs (7.98 3 15.76
degrees of visual angle) depicting faces of 4 children (age range: 6–10 years), 4 young
adults (age range: 18–25 years), 4 adults (age range: 35–45 years), and 4 elderly adults
(age range: over 70 years); all bearing a neutral expression and a straight gaze. For each
age range, two photographs were of female faces and the other two were of male faces.
The photographs of younger adult, adult and elderly adult faces were extracted from
the Productive Aging Lab Face Database43. The photographs of the children were
provided by their parents, who were colleagues of some of the authors and gave their
written consent to use the photographs for scientific purposes. The selection of each
stimulus face and its assignment to one of the four age ranges was performed on the
basis of the perceived age rating score provided by 12 undergraduate students
(manipulation check control group: 8 females and 4 males; mean age 5 25.1 6 3.9
years), who did not take part in any of the experiments. The straight gaze of each
stimulus face was averted 0.75 degrees of visual angle both to the left and to the right
using Adobe Photoshop.

Procedure. Young adult participants were tested in one experimental session, lasting
about 70 minutes. The session comprised 640 trials, divided into four blocks of 160
trials each, with the 16 conditions (2 SOAs 3 4 Distracter Age 3 2 Distracter
Congruence) being equally probable, and repeated randomly 20 times. A practice
session of 16 trials (i.e., one trial per condition) was given prior to the beginning of the
first block. The practice trials were discarded from subsequent analyses. Each trial
started with the appearance of the black central fixation circle (diameter: 0.51 degrees
of visual angle) presented on the nose (centre of the picture) of the displayed face with
straight gaze. The face was flanked by two black target circles (diameter: 0.89 degrees
of visual angle), one to the left and the other to the right of the horizontally aligned
fixation circle (eccentricity: 10.66 degrees of visual angle). After 1500 ms the colour of
the fixation turned to either green or red. The participants were required to perform a
fast and accurate saccade toward the left or the right peripheral target depending on
the colour (red or green) of the fixation circle. The colour instruction and saccades
direction were counter-balanced across the participants. 100 ms before or after the
colour change (stimulus onset asynchrony, SOA), the distracting face shifted his/her
gaze toward the left or the right target. Targets remained visible throughout the
duration of the trial (Fig. 3).

The distracting gaze could be congruent or incongruent with the instructed dir-
ection. Since it was task irrelevant, participants were explicitly instructed to ignore the
distracting face. The eye-movement accuracy of the participants was measured by
recording the first horizontal saccade that followed the instruction cue. Saccadic
reaction times (SRTs) were also recorded. At the end of the experiment, the parti-
cipants were asked to rate the age of each faces with a value between 01 and 99 years, to

Figure 3 | Schematic illustration of the sequence of events for (a)

Congruent Distracter (Instructed Direction: Left) at 2100-ms SOA and

(b) Incongruent Distracter (Instructed Direction: Left) at 1100-ms SOA.

B.F.M.M. drew this figure.

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 4746 | DOI: 10.1038/srep04746 5



verify that participants perceived the distracting faces as belonging to the 4 age ranges
of interest (manipulation check).

Control Experiment. Participants. Twenty-four right-handed adults belonging to
two different age groups (Middle-aged group: 6 females and 6 males, mean age 5 40.1
6 4.2 years; Elderly group: 6 females and 6 male, mean age 5 69.7 6 3.9 years)
participated as volunteers in the study and were all unaware of the purpose of the
experiment. Middle-aged adults (expect for two) were members of the Department of
Psychology of the University of Milano-Bicocca; whereas elderly adults were all
community dwelling and recruited through personal contacts. They did not self-
report eye diseases (e.g., cataract disease, glaucoma) and had normal or corrected-to
normal vision. Their good visual acuity was checked prior to the start of the
experiment by means of the Italian version of the Radner’s Reading Eyesight Chart.
All gave their written informed consent. The study was conducted in accordance with
the ethical standards laid down in the 1964 Declaration of Helsinki and fulfilled the
ethical standard procedure recommended by the Italian Association of Psychology
(AIP). All experimental protocols were also approved by the ethical committee of the
University of Milano-Bicocca.

Procedure. The middle-aged and elderly participants were tested in one experimental
session, lasting about 45 minutes. The procedure was exactly the same as in the main
experiment, except that middle-aged and elderly participants performed a shorter
version of the experimental session that comprised 256 trials, divided into eight
blocks of 32 trials each with the 16 conditions being equally probable and repeated
randomly.
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