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When do we become more prone to distraction? Progressive evolution of the different

components of distractibility from early to late adulthood.

Hoyer R.S., Abdoun, O., Riedinger M., Bouet R., Elshafei H., Bidet-Caulet A.

ABSTRACT

Life expectancy has steadily increased for over a century; we thus live longer and are more
likely to experience cognitive difficulties such as increased distractibility which can hamper
autonomy. This cross-sectional behavioral study aimed to characterize the decline of the
cognitive components of distractibility during typical aging, and the onset of this decline. 191
participants from 21 to 86 years old, distributed within seven age groups, were tested using the
Competitive Attention Test. Results indicate that cognitive components contributing to
distractibility follow different trajectories with aging: voluntary orienting remains stable from
21 to 86 years old, sustained attention decreases while distraction increases between 26 and 86
years old, finally, impulsivity is lower in older compared to younger adults. Increased
distractibility in older adults thus seems to result from a dominance of involuntary over
voluntary attention processes, whose detrimental effect on performance is partly compensated

by enhanced recruitment of motor control.

INTRODUCTION

Aging is associated with a failure of attention to regulate the processing of irrelevant
information (see Healey et al., 2008 for a review). Sub-clinical attention difficulties hamper
autonomy and create dependency on others (Ruan et al., 2015). To develop rehabilitation
procedures to counteract this loss of autonomy, a prerequisite is to precisely characterize

distractibility from early to late adulthood.
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“Distractibility” can be conceptualized as a state determining the propensity to have one’s
attention captured by irrelevant information, while “distraction” designates the deleterious
effect of involuntary attention capture on ongoing behavioral performance. Distractibility relies
on a balance between voluntary and involuntary attention mechanisms, allowing to focus while
staying alert to surroundings. Voluntary attention promotes the processing of task-relevant
stimuli and is internally driven. Involuntary attention is directed by external stimuli and refers
to the capture of attention by task-irrelevant, unexpected and salient events, leading to
distraction. Beyond attention, behavioral distractibility is shaped by phasic arousal (i.e., phasic
alertness) and motor control (whose failure induces impulsivity). Attention, arousal and motor
control are underpinned by interconnected brain networks (Aston-Jones & Cohen, 2005;
Petersen & Posner, 2012; Posner et al., 1982; Seidler et al., 2010). Distractibility components
have been mostly studied separately, through the comparison of two age groups (i.e., younger
vs. older adults; Andreés et al., 2006; Brodeur & Enns, 1997; Coyne et al., 1978; Davies &
Davies, 1975; ElShafei et al., 2020; Greenwood et al., 1993; Horvath et al., 2009; larocci et al.,
2009; Jackson & Balota, 2012; Leiva et al., 2014, 2016; Mager et al., 2005; Olk & Kingstone,
2015; Parasuraman et al., 1989; Parmentier & Andrés, 2010). These studies were successful in
identifying what changes in attention abilities occur between early and late adulthood, but not
when these changes take place during aging. Furthermore, they yielded inconsistent results:
methodologically, this might be explained by the use of broad age ranges within the to-be-
compared groups of participants. These contradictory findings are detailed in the followings.

The capacity to orient voluntary attention has been found either unchanged (Greenwood et
al., 1993; larocci et al., 2009; Olk & Kingstone, 2015) or decreased (Brodeur & Enns, 1997,
see also Erel & Levy, 2016 for a review) with aging. The ability to sustain voluntary attention
over time (also known as “vigilance”) has been found deteriorating from middle to late

adulthood (Berardi, 2001; Davies & Davies, 1975; Fortenbaugh et al., 2015; Jackson & Balota,
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2012; Parasuraman et al., 1989; Petton et al., 2019), or to improve with aging (see Vallesi et
al., 2021 for a review).

Distraction (quantified as increased reaction times or reduced accuracy to targets preceded
by a salient sound; Andrés et al., 2006; Bidet-Caulet et al., 2015; Escera et al., 2000; Naatanen,
1992; Wetzel & Schroger, 2014) was found increased (Andreés et al., 2006; Berti et al., 2013;
ElShafei et al., 2020; Leiva et al., 2014, 2016; Parmentier & Andrés, 2010) or unchanged
(Horvath et al., 2009; Mager et al., 2005) in older compared to younger adults.

Distractors also trigger a phasic increase in arousal (i.e., alertness) resulting in behavioral
benefits in some tasks (Andrés et al., 2006; Bidet-Caulet et al., 2015; Masson & Bidet-Caulet,
2019; Max et al., 2015; Naatanen, 1992; Wetzel et al., 2012). This increase in arousal raises
cortical responsiveness via the Locus Coeruleus (Aston-Jones & Cohen, 2005), whose activity
is altered with aging (Dahl et al., 2022). However, at the behavioral level, the phasic arousal
increase triggered by distractors seems to remain unchanged with aging (Andrés et al., 2006;
ElShafei et al., 2020; Parmentier & Andrés, 2010).

Changes in voluntary and involuntary attention, as well as phasic arousal, may urge one to
impulsively respond to irrelevant events. Impulsivity is the tendency to act before having fully
analyzed a situation, without regard for the consequences of the act to oneself or to others
(Barratt & Patton, 1983). Motor inhibition also plays a role in the emergence of impulsive
behaviors as it supports the ability to stop an ongoing response. Impulsivity has been found
increased (Coyne et al., 1978; Maylor et al., 2011; Nielson et al., 2002) or unchanged (Hong et
al., 2014; Hsieh et al., 2016; Lin & Cheng, 2020; Paitel & Nielson, 2021) in older adults
compared to younger ones (see also Rey-Mermet & Gade, 2018 for a review).

Using the Competitive Attention Task (CAT; Bidet-Caulet et al., 2015), which provides
simultaneous and dissociated measures of several attention facets, recent studies have

investigated the brain origins of distractibility in 60-75-year-old adults (EIShafei et al., 2020,
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2022). Their magnetoencephalographic findings suggest that elderly have diminished voluntary
attention (EIShafei et al., 2020, 2022). In particular, increased distractibility in older adults is
associated with reduced top-down inhibition of irrelevant information, a brain mechanism
supported by the lateral prefrontal cortex (Amer et al., 2016; Colcombe et al., 2005; ElShafei
et al., 2020b, 2022). From a theoretical perspective, this is aligned with the inhibitory deficit
(Hasher & Zacks, 1988) and the frontal aging (West, 1996) hypotheses. However, it remains to
elucidate when precisely during aging this prefrontal-related decline starts impacting attention
performance.

Using the CAT, the present study aims to outline the evolution of the cognitive components
contributing to distractibility from 21 to 86 years, in a large sample of participants (N=191).
This paradigm provides behavioral measures of voluntary orienting, sustained attention,
distraction, phasic arousal, as well as motor control and impulsivity (Bidet-Caulet et al., 2015;
Hoyer et al., 2021). Based on the literature presented above, and in particular on the findings
from Elshafei and colleagues (2020, 2022), we hypothesized that, with aging, voluntary
orienting, phasic arousal, impulsivity and motor control would remain stable, while sustained
attention would progressively decrease and distraction increase, resulting in greater

distractibility.

METHOD

191 subjects from diverse socioeconomic statuses (small employers and own account works,
never worked or long term unemployed, managerial and professional occupation, lower
supervisory and technical occupations, semi-routine and routine occupations, intermediate
occupations, retired; see Fig. S1, Supplemental Material) who spoke fluently French
participated in the study. Participants were recruited using e-mail lists and via several senior

clubs. They had to fulfill the following inclusion criteria: corrected-to-normal hearing (2
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100  participants wore hearing aid and confirmed that it caused them no discomfort for hearing the
101  different sounds during the experiment), normal or corrected-to-normal vision, no neurological
102  or psychiatric disorders, and no medication affecting the central nervous system taken during
103  the 24 hours preceding the testing session. The samples selected for the study was of
104  convenience: participants were recruited until each of the seven age groups included a minimum
105  of 20 participants (see Tab. 1). Participants were selected to match, as best as possible, the age
106  groups in gender, handedness and education.

107 Data from 5 participants were excluded from the analysis, due to either below-chance
108  performance (correct trial percentage < 50 % in no distractor condition, see Fig. 1: n = 2) or
109  technical issues (n = 3). A total of 186 subjects (86 % right-handed, 9%left-handed, 5 %
110  ambidextrous; 63 % female; 21 to 86 years old) were included in the analysis (see Tab. 1 for
111  details by age ranges). All participants gave written informed consent. This study was
112 conducted according to the Helsinki Declaration, Convention of the Council of Europe on
113  Human Rights and Biomedicine, and the experimental paradigm was approved by the French
114  ethics committee Comité de Protection des Personnes. Note that, to improve readability, “yo”
115  instead of “years-old” or “year-olds” will be used in the Method and Results sections when
116  referring to the participants’ age ranges.

117

118 Tablel

119  Characteristics of the population sample

120  Detailed samples, mean age in years, gender, handedness, mean education level (0 = no
121  diploma, 1 = vocational certificate obtained after the 9™ grade, 2 = high school diploma; 3 =
122 12" grade/associate’s degree; 4 = bachelor degree; 5 = master degree and further) and thresholds

123 of auditory perception in dBA by age range (z standard error of the mean, SEM).
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Gender Handedness Auditory threshold
Number of .
Age X Mean age in 1 Mean |
range included ears i education
9 participants y Female Male Right | Left Ambidextrous Right ear Left ear
21-25 32 233+03 50.0 % 50.0 % 84.4% 15.6 % 0.0 % 41+0.2 258+22 26.7+22
26-30 24 270x03 58.3% 41.7 % 87.5% 8.3% 42 % 3.6+03 31725 309+25
31-40 25 352+05 60.0 % 40.0 % 80.0 % 20.0 % 0.0 % 42+02 311+21 30.6 2.0
41-50 27 46.1+0.6 741 % 259% 88.9 % 7.4 % 3.7% 3.7+0.2 284+24 28720
51-60 25 55.8+ 0.6 56.0 % 44.0 % 92.0 % 4.0 % 4.0 % 3.1+03 326+25 33627
61-70 25 65.7 £ 0.6 60.0 % 40.0 % 88.0 % 0.0% 12.0% 3.1+03 356+25 36.2+25
124 71-86 28 78.4+0.9 85.7 % 14.3 % 82.1% 7.1% 10.7 % 20+03 424+14 | 428+1.9
125
126  Stimuli and task
127 A detailed description of the task can be found in a previous study (Hoyer et al., 2021 for

128  more details). In no distractor condition (NoDis; 50 % of the trials), a visual cue (200 ms
129  duration) was followed, after a 940 ms delay, by a target sound (200 ms duration; Fig. 1a). The
130  cue was a dog facing left or right (informative: 75 %), or to the front (uninformative: 25 %).
131  The target sound was a dog bark monaurally presented in headphones. The dog facing left or
132 right (informative) was followed by the taget sound in the left (37.5 %) of right (37.5 %) ear,
133 respectively; the facing-front dog (uninformative) was followed by the target sound in the left
134  (12.5%) or right (12.5 %) ear. In distractor condition (50 % of the trials), a binaural distracting
135 sound (300 ms duration, 18 different ringing sounds distributed across blocks) was played
136  during the 940 ms delay (Fig. 1b): this sound could be played at three different times -
137  distributed equiprobably - during the delay: 200 ms (Dis1), 400 ms (Dis2) and 600 ms (Dis3)
138  following the cue offset. The target sound was presented at 15 dB SL (around 37.5 dBA) and
139  the distracting sound at 35 dB SL (around 67.5 dBA) in headphones. Cue categories
140  (informative and uninformative) and target categories (left and right) were equally distributed
141  through trials with and without distracting sounds.

142 Participants were instructed to focus their attention on the cued side, and to press a key as

143  fast as possible when they heard the target sound. Visual feedback (800 ms duration) was
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displayed when participants detected the target within 3300 ms of its onset, followed by a rest
period (inter-trial interval: 1700 ms to 1900 ms). If the participant did not respond in time, the

fixation cross was displayed for an additional randomized delay (100 ms to 300 ms).

Figure 1 Protocol.

Target
Cue 200ms
200ms a. Trials without distractor Feedback
Uninformative (NoDis) 800ms
[ N | If the { \
Delay | || participant
940ms responds
ors < A e
ER B &5
HQ Delay Delay o it
& U 200ms ] 440ms Seithin
- 400ms | 240ms ss00ms N )
Informative 600ms Distractor 4oms Cross
00ms 0-200ms

b. Trials with distractor
(Dis1, Dis2 and Dis3)

Note. a) In uninformative trials, a facing-front dog was used as a visual cue, indicating that the
target sound would be played in either the left or right ear. In informative trials, a dog visual
cue facing left or right indicated in which ear (left or right, respectively) the target sound will
be played. If the participant gave a correct answer within the 3300 ms post target offset,
feedback (800 ms duration) was displayed. b) In trials with distractors, the task was similar, but
a binaural distracting sound - such as a phone ring - was played during the cue-target delay.
The distracting sound could equiprobably onsets at three different times: 200 ms, 400 ms, or

600 ms after the cue offset.

Procedure
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161 Participants were tested individually or in small groups (of two or three) in a quiet room.
162  During the task, they were seated in front of a laptop (approximately 50 cm from the screen)
163  that presented pictures and sounds and recorded behavioral responses using Presentation
164  software (Neurobehavioral Systems, Albany, CA, USA). Auditory stimuli were played in
165  headphones. First, the auditory threshold was determined for the target sound, in each ear, for
166  each participant using the Bekesy tracking method. This resulted in an average target threshold
167  across subjects of 32.5 dBA (see Tab. 1 for details by age range). Then, participants received
168  verbal instructions and performed three 4-minutes blocks of 48 pseudo-randomized trials each.
169  The experimental session lasted around 30 minutes.

170

171 Measure parameters

172 We used a custom MATLAB program to preprocess behavioral data. The shortest RT for a
173 correct response (RT lower limit) was calculated for every age range (150 ms in the 21 to 60-
174  year-olds and to 200 ms in the 61 to 86-year-olds, see Fig. S2.1, Supplemental Material). For
175  each participant, the longest RT for a correct response (RT upper limit) was calculated from all
176  RT > 0 ms using the Tukey method of leveraging the interquartile range. Based on the lower
177  and upper RT limits, responses can be divided into three categories: (i) responses before the RT
178  lower limit were considered as a part of the false alarm response type; (ii) responses between
179  the lower and the upper RT limits were considered as correct responses; (iii) responses after the
180  RT upper limits were considered as late responses. A total of eight behavioral measures were
181  extracted for each participant (see Tab. 2 and Fig. S2.2, Supplemental Material).

182

183 Table 2

184  Measure names, detailed criteria for responses categorization in the CAT trials and associated

185  measured constructs.


https://doi.org/10.1101/2022.08.22.504838
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.22.504838; this version posted August 23, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

Behavioral measurements of attention effects on target processing

Response Type Description Response Interpretation
Reaction times (RT.) RT of positive response times Owerall processing speed influenced by cognitive aging
. N Positive reaction times (single trial) / Overall processing speed without the cognitive aging
Normalized reaction times (RT-nom) Mean of positive reaction times (intra-subject) influence
Faciliation effect
Arousal effect Mean RT.nom: NoDis — Dis1

Index of arousal due to presence of early distractor

Distraction effect

Distraction effect Mean RT:nom: Dis3 - Dis1 Index of competition between distractor and target
. I Mean standard deviation of positive response times Variability in processing speed
Standadidevbuioniciicactiontine s (RIZED) in the NoDis condition for each block separately Long term sustained attention
Late responses Percentage of responses in the NoDis condition Slow processing error
P during the period starting from the RT upper-limit to 3300 ms Failure of short term sustained attention
Omission

Percentage of trials without any response made

Missed responses . - .
P during the entire trial duration up to 3300 ms post-target

Lapse of sustained attention in no distractor condition
Distraction in distractor condition

Behavioral measurements of attention effects on target expectancy

Response Type Description Response Interpretation
Percentage of [incorrect or false-alarm] responses performed during Erroneous response to the cue
Cue responses . =
the 150-450ms period post-cue onset Impulsivity
Distractor responses Percentage of responses performed during Erroneous response to the distractor
P the 150-450 ms period post-distractor onset Impulsivity

Percentage of responses performed:
. In NoDis and Dis1: from 300 ms pre-target to the RT lower limit post-target Erroneous response in anticipation of the target
Anticipated responses o - Isivi

in Dis2: from 150 ms pre-target to the RT lower limit post-target Impulsivity

in Dis3: from 100 ms post-target to the RT lower limit post-target

Percentage of responses performed in the remaining periods of the trials:

in NoDis: during the 450 to 850 ms period post-cue onset
Erroneous responses outside

Random responses in Dis1: during the 450 to 550 ms period post-cue onset
of response parameters above

in Dis2: during the 450 to 750 ms period post-cue onset
in Dis3: during the 450 to 950 ms period post-cue onset

186

187

188  Statistical analysis

189 To estimate physical tendencies linked to the behavioral measures at the single trial level,
190  we used Generalized Linear Mixed Models (GLMM) in a frequentist approach; models were
191  adapted to the data distribution (i.e., Gaussian for RT related measures, binomial for response
192  types). In order to test the similarity between groups, Bayesian statistics were used.
193  Contrastingly to Frequentist statistics, Bayesian analyses allow to assess the credibility of both
194  the alternative and null hypotheses.

195

196  Sample characteristics

197 To confirm that our sample population was similarly distributed across age ranges in block
198  order, gender, handedness and socio-economic statuses (SES), we performed Bayesian
199  contingency table tests. We performed a Bayesian ANOVA on the education level with AGE

9
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200  as between-subject factor to investigate potential differences in education across age ranges.
201  Bayesian statistics were performed using JASP® software (JASP Team, 2021, Version 0.14.1).
202  We reported Bayes Factor (BF10) as a measure of evidence in favor of the null hypothesis (BF1o
203 0.33to 1, 0.1 to 0.33, 0.01 to 0.1 and lower than 0.01: weak, positive, strong and decisive
204  evidence respectively) and in favor of the alternative hypothesis (value of 1 to 3, 3 to 10, 10 to
205 100 and more than 100: weak, positive, strong and decisive evidence respectively; Lee &
206  Wagenmakers, 2013).

207

208  Behavioral data analysis

209 To analyze behavioral data at the single trial level, we used GLMM (Bates et al., 2015). The
210  variability between subjects in raw performance was modeled by defining by-subject random
211  intercepts.

212 To assess the impact of the manipulated task parameters (cue information and distractor
213  type) and participant age range, on each type of behavioral measure (RT+, RT+ SD, late
214  responses, missed responses, cue responses, distractor responses, anticipated responses, random
215  responses; see Tab. 2 for more detail), we analyzed the influence of three possible fixed effects
216  and their interaction (unless specified in Tab. 3): the between-subject factor AGE (7 levels: 21-
217 25, 26-30, 31-40, 41-50, 51-60, 61-70 and 71-86); the within-subject factor CUE (2 levels:
218 informative and uninformative); the within-subject factor DISTRACTOR (4 levels: NoDis,
219  Disl, Dis2 and Dis3). A summary of the data and factors used in statistical modeling can be
220 found in Tab. 3. Because of the different timing for categorizing erroneous responses (see Fig.
221  S2, Supplemental Material), and the low proportion of the cue, random, distractor and late
222 responses, we did not consider the CUE and DISTRACTOR factors in analyses of these
223  measures and only focused on the AGE effect. For anticipated and missed responses, we

224  considered the within-subject factor DISTRACTOR in the analysis as these responses have

10
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previously been identified as good markers of distraction and impulsivity in children and young
adults (Hoyer et., al. 2021).

Frequentist statistics were performed in R® 3.4.1 using the Ime4 (Bates et al., 2015) and car
(Fox & Weisberg, 2018) packages. Both fixed and random factors were considered in statistical
modelling. Wald chi-square tests were used for fixed effects in linear mixed-effects models
(Fox & Weisberg, 2018). The fixed effect represents the mean effect across all subjects after
accounting for variability. We considered results of main analyses significant at p < .05.

When we found a significant main effect or interaction, Post-hoc Honest Significant
Difference (HSD) tests were systematically performed using the emmeans package (emmeans
version 1.6.3). P-values were considered as significant at p < .05 and were adjusted for the
number of comparisons performed. In the Results section, we reported the 95 % confidence
intervals as a measure of uncertainty; error bars within plots represent quantiles between 5 and

95 %.

Fixed factor(s)

Condition(s) used for Distribution
Response type response type calculation : i : Random factor fittin
P yp Between subjects  Within subjects 9

RT, NoDis & Dis1 & Dis2 & Dis3 Age Subject Gaussian
RThorm NoDis vs. Dis1 vs. Dis2 vs. Dis3 Age Cue, Distractor Subject Gaussian
RT, SD NoDis Age Block Subject Gaussian
Late responses NoDis Age Subject Binomial
Missed responses NoDis vs. Dis1 vs. Dis2 vs. Dis3 Age Distractor Subject Binomial
Cue responses NoDis & Dis1 & Dis2 & Dis3 Age Subject Binomial
Distractor responses Dis1 & Dis2 & Dis3 Age Subject Binomial
Anticipated responses NoDis vs. Dis1 Age Distractor Subject Binomial
Random responses NoDis & Dis1 & Dis2 & Dis3 Age Subject Binomial

Table 3

Main statistical analyses according to behavioral response types

11
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242 Note. Experimental conditions, factors and models used as a function of the behavioral
243  measures. Detailed factor levels: DISTRACTOR = NoDis, Disl, Dis2 and Dis3; CUE =
244 informative, uninformative; Block = first, second and third.

245

246 RT+ and RT+norm. The total average and associated standard error of the mean number of
247  trials with positive RT (RT+et RT+norm) was of 69.7 + 0.4 (min: 38, max: 72) in NoDis, 22.3 +
248 0.2 (min: 10, max: 24) in Disl, 22.5 £ 0.2 (min: 12, max: 24) in Dis2 and 22.8 £ 0.2 (min: 12,
249  max: 24) in Dis3 conditions across the overall sample.

250 To investigate the effect of cognitive aging on the global response speed, raw RT. were fitted
251  to a linear model with AGE only as between subject factor. To avoid analysis bias due to the
252  typical slowing affecting RT during aging (see Leiva et al., 2021 for more details), further
253  analysis were performed on raw RT+ normalized at the single trial level using individual mean
254  RT. (at the participant level: RT. single trial / mean RT+). Then RT+norm were fitted to a linear
255  model, with AGE as between subject factor, and CUE and DISTRACTOR as within subject
256  factors. For post-hoc analysis of the DISTRACTOR by AGE interaction on RT+norm, we
257  planned to analyze two specific measures of the distractor effect: the distractor occurrence (i.e.,
258  the arousal effect; RT+norm in NoDis minus RT+norm in Disl) and the distractor position (i.e.,
259  the distraction effects; RT+norm in Dis3 minus RT.norm in Disl). Based on previous results
260  (Bidet-Caulet et al., 2015; Hoyer et al., 2021; Masson & Bidet-Caulet, 2019), these differences
261  can be respectively considered as good approximations of the facilitation and detrimental
262  distraction effects triggered by distracting sounds (see Fig. 3b).

263 Other measures. RT+ SD were log-transformed at the single trial scale to be better fitted to
264  alinear model with Gaussian family distribution, with the fixed factors AGE and GENDER as

265  between-subject factor and BLOCK (3 levels) as within subject factor.

12


https://doi.org/10.1101/2022.08.22.504838
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.22.504838; this version posted August 23, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

266 Response types were fitted to a linear model with binomial distribution without
267  transformation. Missed responses were fitted to a linear model with AGE as between-subject
268  factorand DISTRACTOR as within subject factor (see Tab. 3). Late, cue, random and distractor
269  responses were fitted to a linear model with AGE as between-subject factor (see Tab. 3).
270  Anticipated responses were fitted to a linear model with fixed factors AGE as between-subject
271  factor and DISTRACTOR as within subject factor (see Tab. 3). Because of the important
272  differences in the duration of the anticipated responses windows between distractor conditions
273 (see Fig. S2, Supplemental Material), the GLMM was performed on the NoDis and Disl
274 conditions, only (same timeframe for anticipated responses in these two conditions).

275

276  RESULTS

277  Population characteristics

278 Using Bayesian contingency table tests, we found a positive evidence for a similar
279  distribution in gender (BF10 = 0.103) across age ranges. We also observed a decisive evidence
280  for a similar distribution in handedness (BF1o = 2.057°-6) and block order (BFio = 1.086°-8)
281  across age ranges. By contrast, we found decisive evidence for a non-uniform distribution in
282  SES characteristics (BF1o = 5.707°+25), the youngest participants (21-25yo0) being mostly
283  students and the oldest ones (71-86yo) being mostly retired (see Fig. S1, Supplemental
284  Material). The Bayesian ANOVA carried out on education level showed that mean education
285  decreases with age (for detailed post-hoc contrasts see Tab. S3, Supplemental Material). This
286  cutback in education level with age can be explained by the fact that access to graduate studies
287  has been made easier these last decades (e.g., construction of universities, availability of
288  fellowships).

289

290 RT+

13
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291 As expected, we observed a main effect of the AGE on RT+ (32 (6) = 141.0; p <.001; Fig.
292  2a). Tukey post-hoc analysis indicated that the 21 to 30yo were faster than the 41 to 86yo, the
293  31-40yo were faster than the 51-86yo and, finally, the 51 to 70yo were faster than the 71-86yo
294  (see Fig. 2 and Tab. 4 for differences, confidence intervals and p values). RT+ thus progressively
295 increases from 31 to 86 years of age.

296

297  Figure 2

298  Reaction time according to age
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300 Note. Mean reaction time as a function of age range. (p < .05 *, p < .01 ** p <.001 ***).
301  Within each boxplot (Tukey method), the horizontal line represents the group mean, the box

302  delineates the area between the first and third quartiles (interquartile range), the vertical line
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303  represents the interval between quantile 5 and 95 (i.e., the dispersion of 90 % of the population);
304  superimposed to each boxplot, the dots represent individual values.

305

306 Table4

307  Details for post-hoc analyses of RT+

Age ranges . Cpnfidence
A>or<B Estimate intervals P value

[Lower, Upper]
21-25 < 41-50 -80.1 ms [-140.2, -20.0] p =.002
21-25 < 51-60 -89.8 ms [-151.2, -28.4] p <.001
21-25 < 61-70 -117.4 ms [178.8, -56.0] p <.001
21-25 < 71-86 -198.2 ms [-257.8, -138.7] p <.001
26-30 < 41-50 -80.3 ms [-144.9, -15.8] p =.005
26-30 < 51-60 -90.0 ms [[155.7, -24.2] =.001
26-30 < 61-70 -117.6 ms [-183.3, -51.9] p <.001
26-30 < 71-86 -198.2 ms [-134.4, -262.4] p <.001
31-40 < 51-60 -65.9 ms [-131.0, -0.8] =.045
31-40 < 61-70 -93.5ms [-158.6, -28.5] p <.001
31-40 < 71-86 -174.4 ms [-237.6, -111.0] p <.001
41-50 < 71-86 -118.1 ms [-180.2, -56.1] p <.001
51-60 < 71-86 -108.5 ms [-171.8, -45.1] p <.001
308 61-70 < 71-86 -80.8 ms [[144.1, -17.5] p =.003

309

310 RT+norm

311 A main effect of CUE (2 (1) = 10.34; p =.002; Fig. 3a) on RT+norm was observed, indicating
312  that, irrespective of age, participants were faster when the cue was informative (1.000, Cl =
313  [0.664, 1.010]) rather than uninformative (1.010, CI =[0.994, 1.030]). The interaction CUE by
314  AGE was found non-significant (x2 (6) = 8.79; p = .186; Fig. 3a).

315

316  Figure 3

317  Reaction time according to distractor and cue conditions and schematic representation of the

318 different effects trigger by the distractor according to its timing.
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. Mean normalized RT according to di and cue conditi b. schematic representation of arousal and distraction effects timings
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320  Note. a) Mean normalized reaction time as a function of the cue (informative or uninformative)
321 and distractor (NoDis, Disl, Dis2, Dis3) conditions. The error bars represent the interval
322  between quantile 5 and 95 (i.e., the dispersion of 90 % of the population). b) Schematic
323  representation of the facilitation arousal effect (yellow lines) and the distraction effect (red
324  lines) timing during the CAT trials.

325

326 As expected, we did not observe a main effect of AGE on RT+norm (32 (6) = 0.06; p = 1.000),
327  suggesting that the normalization method we used was appropriate. The main effect of
328 DISTRACTOR on RT-+norm was significant (y2 (3) = 2651.87.; p < .001; Fig. 3a). An AGE by
329 DISTRACTOR interaction was also significant (32 (18) = 69.52; p <.001). Planned post-hoc
330 contrasts were carried on the different RT effects triggered by the distractor occurrence (see
331  Method section and Fig 4b and 4c for more details). Post-hoc indicated that the 21-25yo
332  presents an increased NoDis-Dis1 arousal effect compared to the 26-30yo, 41-50y0 and the 51-
333  60yo; the 71-86yo also showed an increased arousal effect compared to the 41-50yo and the
334  51-60yo (see Fig. 4b and Tab. 5 for differences, confidence intervals and p values). In addition,
335 the Dis3-Disl distraction effect was increased in the 21-25yo compared to the 26-30yo, in the
336  41-86yo compared to the 26-30yo and in the 61-86yo compared to the 31-40yo (see Fig. 4c and

337  Tab. 5 for differences, confidence intervals and p values). Overall, RT+norm analysis indicates
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338 that the arousal facilitation effect decreases after 25yo and increases after 60yo, while the
339 distraction effect progressively increases from 26 to 86 years of age.

340

341  Figure4

342  Normalized reaction time orienting, arousal and distraction effects according to age
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b.Normalized RT+ arousal effect (NoDis - Dis1) according to age
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C.Normalized RT+ distraction effect (Dis3 - Dis1) according to age
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345  Note. a. Normalized reaction time NoDis Uninformative — NoDis Informative orienting effect
346  asa function of age range. b. Normalized reaction time NoDis-Dis1 arousal effect as a function
347  of age range. c. Normalized reaction time Dis3-Disl distraction effect as a function of age
348 range. (p < .05 *, p <.01 ** p <.001 ***). Before calculating differences, RT+ have been
349  normalized as follow: participant’s RT+ single trial / participant’s mean RT.. Within each
350 boxplot (Tukey method), the horizontal line represents the group mean, the box delineates the
351 area between the first and third quartiles (interquartile range); the vertical line represents the
352 interval between quantile 5 and 95 (i.e., the dispersion of 90 % of the population); superimposed
353  to each boxplot, the dots represent individual values.

354

355 Table5

356  Details for significant results of planned post-hoc analyses of normalized RT+

Age ran Confidence
ge ranges Estimate intervals P value
A>or<B
[Lower, Upper]
21-25 > 26-30 0.049 [0.008, 0.089] p =.018
| ot 21-25 > 41-50 0.054 [0.016, 0.010] =.006
Arousal effect
NoDis-Dis1 21-25 > 51-60 0.066 [0.026, 0.106] p <.001
41-50 < 71-86 -0.047 [-0.087, 0.006] p =.024
51-60 < 71-86 -0.058 [-0.100, -0.016] =.006
21-25 > 26-30 0.087 [-0.008, 0.106] =.023
26-30 < 4150 -0.067 [-0.119, -0.016] p =.010
26-30 < 51-60 -0.058 [-0.111, -0.006] =.030
Distraction effect 26-30 < 61-70 0.075 0.127, -0.024 =.004
Dis3-Dis1 - - = Lol 00z | p=
26-30 < 71-86 -0.104 [-0.154, -0.052] p <.001
31-40 < 61-70 -0.054 [-0.105, -0.002] p =.040
357 31-40 < 71-86 -0.082 [-0.133, -0.031] p =.002
358
359 RT+SD

360 RT+ SD was modulated by the AGE (¥2 (6) = 140.00; p < .001; Fig. 5): HSD post-hoc

361 comparisons indicated that the 41 to 86yo had an increased RT variability compared to the 21
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to 30yo; the 51 to 86yo had more variable RT- than the 31-40yo; finally, RT+ SD was larger in
the 71-86yo compared to the 41-70yo participants (see Tab. 6 for differences, confidence
intervals and p values). We also observed a main effect of the BLOCK on RT+ SD (%2 (2) =
104.01; p <.001): according to HSD post-hoc comparisons, participants had less variable RT+
in the third compared to the first (difference (diff.) = -42.3 ms, Cl = [-50.6, -34.0]; p < .001)
and second (diff. = -14.6 ms, Cl = [-23.0, -6.4]; p <.001) blocks, as well as during the second
block compared to the first one (diff. = -27.6 ms, Cl = [-36.0, -19.4]; p < .001). There was no
AGE by BLOCK interaction (32 (12) = 5.50; p = .942).

To sum up, RT+ SD progressively increases from 31 to 86 years of age. Furthermore,

irrespective of the age, RT+ SD gradually reduces across the three blocks of the experiment.

Figure 5

Reaction time variability according to age
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Note. Reaction time standard deviation (RT+ SD) across blocks as a function of age range. (p
<.05*, p <.01** p<.001 ***). Within each boxplot (Tukey method), the horizontal line
represents the group mean, the box delineates the area between the first and third quartiles

(interquartile range the vertical line represents the interval between quantile 5 and 95 (i.e., the

19


https://doi.org/10.1101/2022.08.22.504838
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.22.504838; this version posted August 23, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

380 dispersion of 90 % of the population); superimposed to each boxplot, the dots represent
381 individual values.

382

383 Table6

384  Details for significant results of post-hoc analyses of RT+ SD

Age ranges . Cpnfidence
A>or<B Estimate intervals P value
[Lower, Upper]
21-25 < 41-50 -79.5 ms [-140.2, -18.8] p =.003
21-25 < 51-60 -89.4 ms [-151.4, -27.5] p <.001
21-25 < 61-70 -116.6 ms [-178.5, -54.6] p <.001
21-25 < 71-86 -196.8 ms [-256.9, -136.7] | p <.001
26-30 < 41-50 -80.7 ms [-145.9, -15.6] p =.005
26-30 < 51-60 -90.7 ms [-157.0, -24.3] =.001
26-30 < 61-70 -117.8 ms [-184.2, -51.5] p <.001
26-30 < 71-86 -198.0 ms [-262.6, -133.4] p <.001
31-40 < 51-60 -66.2 ms [-131.9, -0.6] =.047
31-40 < 61-70 -93.37 ms [-159.0, -27.7] p <.001
31-40 < 71-86 -173.6 ms [-237.5,-109.7] | p <.001
41-50 < 71-86 -117.3 ms [-179.9, -54.7] p <.001
51-60 < 71-86 -107.4 ms [-171.3,-43.485] | p <.001
385 61-70 < 71-86 -80.2 ms [-144.1,-16.338] | p=.005
386
387  Global accuracy
388 The proportion of the different types of behavioral responses according to age is depicted in

389  Fig. 6. The average correct response rate was 87.8 %). No main effect of AGE was found for
390  cue responses (cue responses, total average: 0.2 %), distractor responses (distractor responses,
391 total average: 2.5 %), random responses (random responses, total average: 0.1 %), and late
392  responses (late responses, total average: 10.3 %).

393

394  Figure6
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395  Response type proportions according to age
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397
398  Missed responses
399 The rate of missed responses (missed responses, total average: 2.4 %) was modulated by

400 AGE (%2 (6) =20.42; p = .002; Fig. 7a). HSD post-hoc comparisons revealed that 51-70 and
401  71-86yo participants missed more the target than the 61-70yo (respectively: diff. = -0.1 units,
402 Cl=[-1.7, 1.6], and diff. =-0.7, Cl = [-2.1, 0.8], respectively).

403 Thus, the missed response rate is greater in participants of 51-60 and 71-86 years of age.
404

405  Anticipated responses

406 The rate of anticipated responses (anticipated responses, total average: 2.6 %) was
407  modulated by AGE (32 (6) = 24.61; p <.001; Fig. 7b). Post-hoc HSD analysis showed that the
408  41-50yo0 (0.4 units, i.e., 0.8 %) made less anticipated responses than the 21-25yo (diff. = -1.8,
409 Cl=[-2.8, 0.8]), 26-30yo (diff. = -1.7, Cl = [-2.8, 0.7]) and 31-40yo (diff. = -2.0, Cl = [-3.0, -
410  0.9]). We also observed a main effect of the DISTRACTOR on the anticipated responses rate
411 (x2 (1) = 264.80; p <.001) indicating that participants anticipated the target much more in Disl

412  compared to the NoDis condition (diff. = -3.4, Cl = [-3.8, -3.0]).
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413 In summary, the anticipated response rate is larger in participants aged from 21 to 40 years.

414  Furthermore, irrespective of the age, more anticipated responses are observed in trials with early

415  distractors.
416
417  Figure 7

418  Response type proportions according to age
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420  Note. a) Missed responses percentage as a function of the age range. b) Anticipated responses
421  percentage (NoDis and Disl) as function of the age range. (p < .05 *, p < .01 **). Within each

422  boxplot (Tukey method), the horizontal line represents the group mean, the box delineates the
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423  area between the first and third quartiles (interquartile range); the vertical line represents the
424 interval between quantile 5 and 90 (i.e., the dispersion of 95 % of the population); superimposed
425  to each boxplot, the dots represent individual values.

426

427  DISCUSSION

428 The present cross-sectional study provides, for the first time, simultaneous but distinct
429  measures reflecting the evolution of the distractibility components from 21 to 86 years old (7
430 age ranges). These findings reveal the paths taken by voluntary orienting, sustained attention,

431  distraction, phasic arousal, as well as impulsivity and motor control alongside aging.

432 Voluntary attention orienting does not significantly change through age, suggesting a
433  preserved ability to orient attention toward relevant targets in elderly (Greenwood et al., 1993;
434  larocci et al., 2009; Olk & Kingstone, 2015). In line with studies showing a decline in sustained
435  attention in older adults (Berardi, 2001; Davies & Davies, 1975; Fortenbaugh et al., 2015;
436  Jackson & Balota, 2012; Parasuraman et al., 1989; Petton et al., 2019), we found that RT
437  variability in no distractor trials increases from 26 years old to the older age.

438 The present findings confirm that distraction is increased in elderly (Andrés et al., 2006;
439  Berti et al., 2013; EIShafei et al., 2020; Leiva et al., 2014, 2016; Parmentier & Andrés, 2010),
440  but also reveals that this heightened distraction developed gradually from early to late
441  adulthood. Increase distraction effect after age 60 is assumed to ensue from greater brain
442  processing of distractors, reduced recruitment of frontal-mediated inhibitory mechanisms, as
443  well as prolonged reorientation towards the task (EIShafei et al., 2020, 2022; Horvéth et al.,
444 2009; Mager et al., 2005).

445 Distractors can also trigger a transient increase in phasic arousal (i.e., in alertness) and speed
446  the response to a subsequent target (Aston-Jones & Cohen, 2005). Here, the arousal-related

447  facilitation effect is greater in participants of 21-25 and 71-86 years of age, suggesting that
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448  phasic arousal first decreases during early adulthood and then rebounds in old age. Previous
449  studies have found that the facilitation effect was not modulated by age (Andrés et al., 2006;
450  ElShafei et al., 2020; Parmentier & Andrés, 2010), but they only compared younger and older
451  adults from wide age ranges (18-29 and 50-83 years old). This method is not appropriate to
452  apprehend the subtle attention changes which occur with aging.

453 In the present study, impulsivity was assessed from different behavioral measures provided
454 by the CAT (cue, random, distractor and anticipated responses). Among these measures, only
455  the proportion of anticipated responses changes with age: adults aged 21-40 are more likely to
456  impulsively press the button before target than their older peers, suggesting that motor
457  inhibition is increased after 40-years-old.

458 In line with both the frontal aging (Greenwood, 2000; West, 1996) and the inhibitory deficit
459  (Hasher & Zacks, 1988) theories, this study shows that increased distractibility with aging
460  originates from reduced sustained attention and increased distraction. The frontal lobes decline
461  with age has been related to weakened sustained attention abilities (Vallesi et al., 2021).
462  Enhanced distraction can stem from an inhibitory deficit: lessening distractor processing in the
463  brain would become increasingly laborious with age (EIShafei et al., 2020, 2022). Our findings
464  suggest that both reduction in sustained attention and enhancement in distraction start around
465 40 years old.

466 Most of the present findings are aligned with the prominent theories on the aging brain,
467  whereby cognitive processes supported by frontal functions decline with age. Voluntary
468  attention orienting seems however preserved with aging while relying on the frontal lobe
469  integrity (e.g., Bidet-Caulet et al., 2015). An explanation is the development of compensatory
470  mechanisms. Stronger engagement of motor regions and reduced inhibition of irrelevant brain
471  areas has been observed during target expectancy in participants aged of 61 to 75 years while

472  performing the CAT (EIShafei et al., 2020, 2022). The compensation of lower attention

24


https://doi.org/10.1101/2022.08.22.504838
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.22.504838; this version posted August 23, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

473  efficiency by higher motor preparation in elderly might result in preserved voluntary attention
474  orienting performance. One may have expected that larger activation of motor preparation
475  processes before target occurrence would lead to more anticipated responses in elderly, but the
476  opposite trend was observed in this study: after 40 years of age, anticipated responses
477  progressively fade. This reduction in impulsivity may actually be related to the general
478  slowdown in response times which has been consistently observed in older adults, and is likely
479  to ensue from the age-related decline of the central and peripheral motor systems (see Seidler
480 et al., 2010 for a review) and a decrease in tonic arousal (Dahl et al., 2022; Lee et al., 2018;
481  Mather & Harley, 2016; Miller-Oehring et al., 2013). The heightening of phasic arousal after
482 70 years of age may also be a compensatory mechanism in late adulthood to alleviate the
483  diminishing efficiency of its tonic counterpart (Dahl et al., 2022), but also to compensate
484  behavioral cost related to increased distraction (Gallant et al., 2020).

485 Compensatory strategies are at the heart of the scaffolding theory of aging and cognition
486  (STAC). This theory assumes that two kinds of brain plasticity occur throughout aging: a
487  negative (leading to cognitive decline) and a positive (supporting compensatory mechanisms)
488  one (Goh & Park, 2009; Reuter-Lorenz & Park, 2014). Compensatory mechanisms can be
489  established during aging to cope with enhanced distractibility. Motor preparation might
490 compensate for reduced voluntary attention abilities such as orienting, but would not be
491  sufficient to compensate the decline of processes requiring more cognitive resources, such as
492  sustained attention. In late adulthood, the enhancement of motor preparation might also reduce
493  impulsivity, and the phasic arousal increase might compensate for enhanced distraction and
494  lower tonic arousal.

495

496  Conclusions
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497 The present behavioral study shows that the different cognitive components contributing to
498  distractibility follow different trajectories from early to late adulthood: voluntary orienting is
499  stable from 21 to 86 years of age, sustained attention progressively decreases, distraction
500 increases between 26 and 86 years old, phasic arousal decreases after 25 years of age but upturns
501 after 70 years old and, eventually, impulsivity is greater in 21- to 40-year-old than in older
502  adults. Taken together, these findings suggest that increased distractibility in older adults ensues
503 from an attentional imbalance characterized by a dominance of involuntary over voluntary
504  attention processes. By shedding light on the nonlinear evolutive characteristics of the
505 distractibility components from early to late adulthood, the present findings further emphasize
506 the relevance of using several restrained age ranges in cross-sectional studies of aging.

507

508 CONTEXT

509 Distractibility relies on different cognitive facets, whose evolution with aging has, so far,
510 remained poorly understood. In a large sample of participants (N=423), we previously used the
511 CAT to delineate the developmental trajectories of several distractibility components from
512  childhood to early adulthood (Hoyer et al., 2021, 2022). The present study shed light on the
513  simultaneous, but distinct, - trajectories taken by the distractibility components from early to
514 late adulthood. Attention Deficit/Hyperactivity Disorder (ADHD) in older adults (Michielsen
515 et al., 2012) is often misdiagnosed, and can even be mistaken with dementia (Callahan et al.,
516  2022; Sasaki et al., 2022). Thus, the present findings could help to dissociate sub-clinical and
517  pathological attention difficulties in medical settings. With this in mind, we are currently
518  performing studies to show the content and criterion validity of the CAT, to further enable its
519 use in clinical settings.

520
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