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Abstract

We investigated if attentional bias directed to the right increased with age.
We assessed the characteristics of the following types of eye-gaze by using the
Posner cueing paradigm. Younger (1 = 16) and older (2 = 20) adults partici-
pated in this study. First of all, a face which looked straight ahead was pre-
sented at the center of screen, followed by a gaze cue that looked left or right.

e

Immediately after this informative cue, a target stimulus (“*”) appeared to the
left or right of the face. The stimulus-onset asynchrony (SOA) between the
cue and the target was selected from 300, 700, and 1100 ms. Participants were
required to judge whether the target appeared to the left or the right of the
gaze cue as quickly and accurately as possible. Results showed that older
adults indicate a larger positive gaze-cueing effect when the eye-gaze shifted
rightward, whereas this effect was not observed for a leftward shift. Moreover,
a negative gaze-cueing effect (inhibition of return) was observed when the
SOA was longer only for the leftward eye-gaze shift of older adults. These
modulations of the cueing effect did not appear in younger adults. These
findings demonstrate that the rightward attentional bias in older adults is
more robust than the leftward bias.
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1. Introduction

Cerebral dominance in visual information processing differs according to the
type of information, either linguistic, figural, or facial information. The laterality
produced by cerebral dominance results in an attentional bias directed at the left
or the right direction. Previous studies using behavioral indices and neuroimag-

ing techniques have reported different findings regarding the laterality for dif-
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ferent types of stimuli [1]. However, changes in laterality throughout the lifespan
have not been sufficiently investigated to date. Therefore, this study examined
aging effects on the visuospatial attention bias.

Laterality is observed for spatial attention functions, with the right hemis-
phere being dominant for spatial attention [2] [3] [4]. The right and the left he-
mispheres control orienting towards the contralateral space. However, the right
hemisphere conducts not only orientation towards the left space but also orien-
tation towards the ipsilateral, ie., the right space [5], which explains why most
patients with unilateral neglect suffer from left-side neglect, which is caused by
damage to the right hemisphere [5] [6]. In other words, even when the left he-
misphere is damaged, and the orienting toward the right space deteriorates, the
right hemisphere is still able to conduct orienting toward the right and left spac-
es. On the other hand, when the right hemisphere is damaged and orienting to-
wards both sides deteriorates, orienting toward the left space would become im-
possible, although orienting towards the right space by the left hemisphere
would remain possible.

Heilman et al (1987) suggested that orienting toward the left space is per-
formed only by the right hemisphere, whereas orienting toward the right space is
performed by both the right and the left hemispheres, which results in a rela-
tively stable orientation toward the right space [5]. However, there is little evi-
dence of a bias towards the right in healthy adults under conditions, which di-
rect attention to a specific stimulus to complete a task.

Recently, Takio, Koivisto, and Héamaldinen (2014) suggested a hypothetical
model, in which developmental changes in executive functions throughout the
lifespan produce changes in spatial bias for an imperative stimulus in visual and
auditory laterality tasks [7]. Takio and colleagues conducted a visual divided
spatial attention test with non-linguistic dots of light as stimuli for healthy par-
ticipants aged 5 to 79 years [8] and measured visuospatial bias under three con-
ditions: LVF condition in which dots were presented to the left visual field, RVF
condition in which dots were presented to the right visual field, and BVF condi-
tion in which dots were presented to both visual fields. The results indicated that
10 - 11-year-old children and older adults over 59 years showed an RVF advan-
tage, whereas in other age groups there were no differences between the LVF and
the RVF.

Takio and colleagues’ findings obtained from auditory modality (the auditory
attention test [9]: the dichotic listening forced-attention test [10]) supported
their hypothetical model [7]. Children with immature frontal lobe functions and
older adults with reduced frontal lobe functions might not be able to control at-
tention towards the right or the left space, which results in a bias towards the
right. On the other hand, adults with mature frontal lobe functions could orient
their attention appropriately based on the instructions because the frontal lobe
suppressed the bias toward the right. If this explanation were correct, it could be
assumed that when the load on the frontal lobe increases, even healthy adults

would be unable to suppress the bias toward the right, which would result in a
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bias that is similar to children and older adults.

Strong bias to the right has been identified for both visual and auditory sensa-
tions in situations in which there is a substantial load on the frontal lobe [8] [9].
Concretely, the rightward bias tends to be exceptionally prominent when it is
difficult to predict the location in which a target might be presented due to mul-
tiple possibilities, or when there is a time limit. The Simon effect for example
[11], in which participants are required to respond quickly to a target presented
in the right or the left visual field, is more significant when the target is pre-
sented in the right visual field [12].

The current study used the gaze cueing method [13] [14] with healthy
right-handed adult and older adult participants to clarify age-related differences
in the strong bias to the right area, by assessing the cueing effect and inhibition
of return (IOR). A gaze cueing paradigm was developed using a modification of
Posner’s cueing paradigm [15]. In the original Posner’s cueing method, a spa-
tially uninformative cue such as a flash is first presented on the right or left side
of the fixation point. Following a variable interval after the cue onset (SOA), a
target is presented on the right or the left side of the screen. The participants are
required to quickly respond to the target under one of the two conditions: when
the direction of the cue is consistent with the location of the target (valid condi-
tion), or when the target is presented in the opposite location to the cue direc-
tion (invalid condition). Results indicated that when the SOA is short, responses
to the target is faster in the valid than in the invalid condition, indicative of a
(positive) cueing effect. On the contrary, viewers respond faster under the
invalid condition compared to the valid condition under a longer SOA, which is
indicative of IOR.

Previous studies have demonstrated that the modulation of the cueing effect
by the SOA differs between the gaze cues and exogenous cues, such as a latera-
lized flash. In the typical gaze cueing paradigm, instead of a lateralized cue, a
face gazing towards the left or the right is presented in the center of the screen.
Compared to the experimental settings using an exogenous flash cue, for exam-
ple, the positive gaze cueing effect lasts for a relatively long time. Moreover, a
negative gaze cueing effect (IOR) is unlikely to be observed in the gaze cueing
paradigm [14] [16].

We used a gaze cueing method in which an uninformative gaze cue was pre-
sented in the center of the screen such that the participants could not predict the
target location by the cue direction. The gaze cue was presented under three
SOA conditions: 300 ms-, 700 ms-, and 1100 ms-SOA. This study focused on
three issues related to differences in the asymmetry of the cueing effect. It was
predicted that the cueing effect of the right gaze cue would be more significant
than the left gaze cue under the 300 ms-SOA condition, and this tendency would
be stronger in older compared to younger adults. The second issue was age dif-
ferences in IOR asymmetry. We predicted, based on previous findings [14] [16]
that IOR would not be observed in younger adults in the longer SOA condition.
On the other hand, we predicted that IOR in older adults is modulated by SOA.
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Because it is possible that the decrement of frontal lobe function would lead to
enhancement of the rightward bias [7], we predicted that IOR would be ob-
served when the SOA following a left-gaze cue was over 700 ms.

2. Method
2.1. Participants

Undergraduate students (22 = 18, age range: 18 - 21 years, M =19.8, SD=1.1, 3
men and 15 women) and adults (22 = 30, age range: 65 - 75 years, M = 69.1, SD =
2.9, 17 men and 13 women) participated in the study. Older adults were re-
cruited from a community senior human resource center. There was no differ-
ence in the years of education between the two age groups (younger adults, M =
13.6 years, SD = 1.1; older adults, M = 13.1 years, SD = 2.0: {37) = 0.87, p =
0.39). All participants gave their informed consent for taking part in this study
and received a monetary reward for participation. Handedness in all the partici-
pants was assessed by the Japanese version of the FLANDERS handedness ques-
tionnaire [17]. The Mini Mental State Examination (MMSE) [18], which is a
quick and easy measure for evaluating cognitive function was administered to
older adults. Nine older participants were excluded from the analysis because
seven were left-handed and two scored below the cutoff score (<23/30) on the
MMSE. The data of two younger adults and an older adult could not be saved
due to the machine trouble. All the procedures of the study were approved by
the ethics committee of Aichi Shukutoku University (No. 2014-002).

2.2. Stimuli

A schematic face was drawn with a black line on a white rectangle (3.6 degrees in
height and 3.3 degrees in width), as shown in Figure 1. Each stimulus face
measured 3.4 degrees in height and 3.2 degrees in width. The eyes measured 0.4
degrees in height and 0.9 degrees in width. The pupils subtended 0.4 degrees and

The face looking straight
500 ms
Gaze cue

SOA
300, 700, and 1100 ms
Until response
» )

Blank
800 ms

Figure 1. Illustration of the trial sequence of valid conditions.
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were either centered in the eyes (straight ahead) or both pupils just touching the
left or right end of the eyes (left or right gaze). The eyebrows were 0.9 degrees,
the nose was 0.4 degrees, and the mouth was 0.8 degrees in length. The target
stimulus was a black asterisk that subtended 0.9 degrees. All stimuli were dis-

played on a gray background.

2.3. Apparatus

A personal computer equipped with a 24-in. TFT monitor with a refresh rate of
144 Hz was used to present the stimuli. The software “SuperLab Version 5.05”
(Cedrus Company, San Pedro, CA, USA) controlled the stimulus presentation
and recorded the participant’s responses and reaction times. The responses were
recorded using a response box (Cedrus RB-530), which recorded the responses

with an accuracy within 1 ms.

2.4. Experimental Design

The experiment had a 2 x 2 x 2 x 3 mixed factorial design. The first factor was
the age group, which consisted of the younger and the older adult groups. The
second factor was gaze direction, which consisted of the left and the right gaze
conditions. The third factor was the cue-target validity, which consisted of a va-
lid condition in which a target was presented in the gaze direction and an invalid
condition in which a target was presented counter to the gaze direction. The
fourth factor condition was the SOA between the gaze cue and the target, con-
sisting of 300 ms-, 700 ms-, or 1100 ms-SOA conditions as within-participants
factors.

2.5. Procedure

The experiment was conducted individually in a quiet room. The viewing dis-
tance between participants’ eyes and the monitor was 45 cm, which was main-
tained with a chin rest. The task required participants to identify the target loca-
tion. As shown in Figure 1, a trial started with a face display that portrayed a
face looking straight ahead, which was presented at the center of the screen for
500 ms. Then, the face display was replaced with a gaze cue that looked left or
right. Following one of three possible gaze cue durations (the three SOA condi-
tions), 300, 700, or 1100 ms, the target, which was an asterisk, appeared at the
left or right of the gaze cue such that it was located at 5.20 degrees to either the
left or to the right of the center of the screen. Participants were required to judge
whether the target appeared to the left or the right of the gaze cue as quickly and
accurately as possible and respond by pressing the response button with their
right index finger for a target on the right, or with their left index finger for a
target on the left. The gaze cue and target remained on the screen until a re-
sponse was made. All reaction times were measured from the target onset to a
response. The inter-trial interval was 800 ms. Participants were told to fixate
their eyes on the face in the center of the screen, although the face was unrelated
to performing the task. Following a practice block of 12 trials, participants re-
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sponded to eight experimental blocks, each with 48 trials (cue direction
(left/right) x cue-target validity (valid/invalid) x SOA (300/700/1100) x four

times).

3. Results

Following analysis used the data from 16 younger adults and 20 older adults.
Demographics for participants included in the following analysis are provided in
Table 1. There was no difference in the years of education between the two age
groups (younger adults, M = 13.6 years, SD = 1.1; older adults, M = 13.4 years,
SD=1.8: (34) = 0.40, p =0.69).

The mean individual reaction times for correct responses of each participant
were calculated. Trials below 100 ms and trials above 1200 ms were treated as
errors (younger group: 0.00%; older group: 0.05%). Table 2 shows the mean
reaction times of younger and older adults. The mean error rates were less than
0.29% in the younger and 0.16% in the older group. Therefore, we analyzed only
the reaction times for correct responses.

We conducted a 2 x 2 x 2 x 3 mixed factorial analysis of variance (ANOVA)
with age group (younger and older adults) as the between-participants factor,
and gaze direction (left and right), cue-target validity (valid and invalid), and
SOA (100 ms, 700 ms, and 1100 ms) as within-participants factors. The results
indicated main effects of age group, A1, 34) = 36.33, p < 0.001, 77; = 0.52,

Table 1. Participant characteristics.

Younger Older
Number of participants 16 20
Age Mean 19.8 68.8
SD 1.2 2.7
Education (years) Mean 13.6 13.4
SD 1.1 1.8
MMSE Mean - 28.9
SD - 1.1

Table 2. Mean reaction times and SDs as a function of the experimental condition in each
age group.

Gaze direction left right
Cue-target validity valid invalid valid invalid
SOA 300 700 1100 300 700 1100 300 700 1100 300 700 1100

younger Mean 342 321 318 349 323 321 341 316 317 350 327 323
SD 36 33 31 37 31 34 34 26 32 37 32 35
older Mean 465 436 429 455 422 409 443 423 413 484 439 430

SD 70 69 69 66 65 56 70 61 56 77 79 72
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cue-target validity, A1, 34) = 8.87, p = 0.005, 77!27 = 0.21, and SOA, K2, 68) =
101.45, p < 0.001, 77; = 0.75. The main effect of cue direction was not signifi-
cant, A1, 34) = 1.67, p < 0.205, 77]27 = 0.05. Moreover, there were two-way inte-
ractions of age x SOA, F2, 68) = 4.94, p = 0.010, 7712, = 0.13, gaze direction x
cue-target validity, A1, 34) = 6.72, p=0.014, 77]27 = 0.17, and cue-target validity
x SOA, A2, 68) = 6.07, p = 0.004, 77127 = 0.15, whereas the other two-way inte-
ractions did not reach significance, F5 < 1.70, ps > 0.20.

A significant three-way interaction, (age group x gaze direction x cue-target
validity, A1, 34) = 4.14, p = 0.050, 77; = 0.11) was observed, which suggested
that the reaction time was faster in older adults for the valid compared to the
invalid condition of the right gaze, indicative of a positive cueing effect, F(1, 68)
=14.19, p< 0.001, 77; < 0.17, whereas the left gaze of older adults showed IOR,
or a negative cueing effect, F(1, 68) = 4.89, p = 0.030, 7712, = 0.07. However,
younger adults did not show a significant difference between valid and invalid
conditions in either gaze direction, the left gaze, H1, 68) = 0.33, p = 0.567, 77!2,
= 0.005; the right gaze, K1, 68) = 1.68, p = 0.199, 77; = 0.024). Also, a signifi-
cant three-way interaction (age group x cue-target validity x SOA), A2, 68) =
3.16, p = 0.049, 77; = 0.09, was observed, which indicated that in older adults,
the positive cueing effect was observed only for the SOA 300-ms condition
(SOA300-ms, A1, 102) = 18.11, p < 0.001, 77; = 0.15; SOA700-ms, A1, 102) =
0.08, p = 0.780, 77, < 0.001; SOA1100-ms, A1, 102) = 0.12, p = 0.736, 77, =
0.001). In young adults, the positive cueing effect was observed in the SOA
300-ms, A1, 102) = 4.51, p = 0.036, 77; = 0.042, and the SOA 700-ms condi-
tions, (1, 102) = 2.93, p=0.090, 77; = 0.028, but not in the SOA 1100-ms con-
dition, A1, 102) = 1.49, p=0.022, 7, =0.014.

There was a significant four-way interaction, A2, 68) = 3.21, p= 0.047, 77; =
0.09. To clarify this interaction, an ANOV A was conducted on the cueing effect.
We calculated the cueing effect by subtracting valid from invalid reaction times.
We conducted a 2 x 2 x 3 mixed factorial ANOV A with age group (younger and
older adults) as the between-participants factor, and gaze direction (left and
right) and SOA (300, 700, and 1100) as the within-participants factors. This
analysis showed a significant main effect of the gaze direction, A1, 34) = 6.73, p
=0.014, 77!27 = 0.17, indicating that the cueing effect was larger for the right (17
ms) than for the left (-5 ms) gaze conditions. The main effect of SOA was also
significant, F2, 68) = 6.07, p = 0.004, 77; = 0.15. A post hoc Tukey’s HSD test
demonstrated that the cueing effect was larger in the 300-ms SOA condition (12
ms) than in the 1100-ms SOA condition (2 ms) or in the 700-ms SOA condition
(4 ms) (p < 0.05), whereas there was no significant difference in the cueing effect
between the 700-ms and the 1100-ms SOA conditions.

There were significant two-way interactions (age group x gaze direction, A1,
34) = 4.14, p = 0.050, 77; = 0.11; age group x SOA interaction, A2, 68) = 3.16,
p = 0.049, 77]27 = 0.085). More importantly, a significant three-way interaction
between age group, gaze direction and SOA was also found, A2, 68) = 3.21, p =

0.047, 77; = 0.086. As can be seen in Figure 2, the simple interaction was sig-
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nificant only in the SOA 300 condition, A1, 102) = 7.145, p = 0.009, 77127 =
0.065, reflecting that while the cueing effect was invariant across the gaze direc-
tions in younger adults, A1, 102) = 0.044, p = 0.835, 77127 < 0.001, it was larger
for the right (41 ms) than for the left (—10 ms) gaze condition in older adults,
H1,102) = 15.915, p< 0.001, 77; = 0.135. The simple interactions of other SOA
conditions did not reach significance, Fs < 3.485, ps > 0.06.

Younger adults Older adults
(ms) ) (ms) !
B left gaze Oright gaze Wleft gaze Oright gaze

60 60
2 5
% 30 £ 30
=1t}
5 Eim i £
3 0 % 0

30 -30

300 ms 700 ms 1100 ms 300 ms 700 ms 1100 ms
SOA SOA

Figure 2. Mean cueing effects in each experimental condition. Bars indicate standard er-
rors.

We focused on the modulation of the cueing effect and IOR as a function of
SOAs in different age groups, by using the reaction times for making correct
responses to test the predictions of this study. As can be seen in Figure 2, the
cueing effect was significant in all SOA conditions (the 300-SOA condition = 41
ms, {(19) = 3.957, p < 0.001, r = 0.672; the 700-SOA condition = 16 ms, #19) =
1.679, p = 0.109, r = 0.360; the 1100-SOA condition = 17 ms, #19) = 2.408, p =
0.026, r= 0.484) for the right gaze condition of the older group. On the contrary,
in the left gaze condition of the older group, a negative cueing effect, ie, IOR
increases as the SOA is longer (300-SOA condition = —10 ms, #19) = 1.256, p =
0.224, r = 0.277; 700-SOA condition = —14 ms, £{19) = 1.816, p = 0.085, r =
0.384; 1100-SOA condition = —20 ms, #19) = 2.778, p=0.012, r= 0.537).

However, the modulation pattern of the cueing effect as a function of SOAs
was different in the younger group from the older group. In the younger group,
the cueing effect appeared only in the 700-SOA condition for the right gaze di-
rection (300-SOA condition of right gaze, 9 ms, #15) = 1.557, p = 0.140, r =
0.336; 700-SOA condition = 10 ms, #15) = 2.380, p = 0.031, r= 0.479; 1100-SOA
condition = 6 ms, #15) = 1.042, p = 0.314, r = 0.232), and the cueing effect for
the left gaze was not significant in any of the SOA conditions (300-SOA condi-
tion = 6 ms, A(15) = 1.432, p=0.173, r=0.312; 700-SOA condition = 2 ms, #(15)
= 0.403, p = 0.693, r = 0.092; 1100-SOA condition = 3 ms, #15) = 0.882, p =
0.392, r=0.198). These findings indicate that the IOR did not appear in any of
the three SOA conditions in the younger group, irrespective of gaze directions,

which was different from older adults.

4. Discussion

This study used the gaze cueing effect observed in a Posner type cueing task to
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investigate whether the rightward attentional bias increased with age. Positive
and negative cueing effects were used, which demonstrated for the first time that
attention in older adults shifted toward the right field because the right gaze cue
in the short SOA condition of 300 ms showed a positive gaze-cueing effect in
older adults. This attentional shift toward the right visual space could be due to
older adults’ increased responsiveness to right gaze cues. Also, the same pattern
of results observed in the short SOA (300 ms) condition was observed in the
longer SOA conditions. These findings suggest that attention in older adults
might not disengage once it is triggered by right-gaze moves toward the right
space. The negative gaze-cueing effect (IOR) under the left-gaze cue indicated an
attentional bias toward the right, whereas the left-gaze did not trigger a leftward
attentional shift. Moreover, the attentional shift towards the right was pro-
nounced in longer SOA conditions. These results suggested that older adults are
deficient in engaging attention to the left field, and are likely to shift their atten-
tion to the right field. The results of younger adults indicated that a positive
gaze-cueing effect triggered by a gaze bias toward the right side similar to older
adults was only in the 700 ms-SOA condition. Our results generally supported
previous findings in which an endogenous cue resulted in the maximal cue effect
with SOA of over 300 ms [19] [20].

The finding that attentional bias toward the right was observed only in older
adults could be interpreted according to the contention by Takio et al (2014)
[7]. According to Takio ef al, younger adults can control their attention toward
the right or left space equally well, because they have good frontal lobe functions.
However, in older people, the age-related decrease of frontal lobe functions
might also deteriorate attentional control, which might cause the right bias in
the attentional orientation of older adults.

Another interpretation of the rightward shift in visuospatial attention of older
adults could be the age-related changes in brain activity that reduce hemispheric
asymmetry for memory tasks, as suggested by neuroimaging research [21].
Age-related changes in prefrontal activity might reflect functional compensation
in older adults, which is known as hemispheric asymmetry reduction
(HAROLD) [21] [22] [23]. Using the HAROLD model to explain our results of
visuospatial attention suggest that a compensatory function similar to hemis-
pheric asymmetry reduction might be observed in visuospatial attention. Reduc-
tion of right hemisphere dominance in attentional functions could deteriorate
the orientation of attention to the left and right visual space. As a result, the ac-
tivation of the left hemisphere might become enhanced to compensate for the
reduction in visuospatial function of the right hemisphere, which might cause a
robust rightward bias. It is suggested that future research should investigate the
applicability of HAROLD model to high-level cognitive functions other than
memory.

It remains an open question whether the rightward bias observed in older
adults would also result from endogenous cues with (gaze) or without social sig-

nification (e.g., arrow). Future study is also required to investigate whether or
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not exogenous cues trigger a rightward bias in older adults. In addition, the bias
to the right in wider age groups should be investigated in further research.

This study demonstrated an age-related enhancement of the right bias in vi-
suospatial attention that might be caused by an innate bias, or by the develop-
ment of the left hemisphere function, which is associated with the reduction of

visuospatial attention in the right hemisphere.
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