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Abstract
Dual Mechanisms of Control in Fine Motor Response Inhibition: A Comparison Between
Young and Older Adults
Cai Li

While past studies haygoposed that agdifferencesn fine motor response inhibition can be
partly explained by ageelated declines in proactive cognitive conttbis association has never
been formally investigated he presenstudythusaimed to examine the extent to which fine
motor response inhibition relies on specific modes of cognitive cofmalio so34 younger
adults (YA) and 26 older adults (O&pmpleteda novel visuaimotor finger sequencing task
incorporatingthe AX-CPT paradigma common test afognitive controprocessedParticipants
were first trained on a short sequence of kegges to develop a prepotent vismator pattern.
Then, they completed mixed blocks of sequences compos&dwprepotent sequences and
30% conflict sequences, for which successful performance relied on response inhibition and
reprogramming to override the prepotent pattkrihe final two blocks, stimulus onsets were
preceded by an asterisketo promotethe use of proactive contrdkesults from linear mixed
effects models showed that cueingproved reaction time performance across all sequence
types, and particularly so for the conflict sequence causing the most proactive interference (
0.03. However, the effect of cueing did not significardiffer across age groupsloreover,
OAS' reaction patterracross sequence typesembled YAsThis impliesthat inducing
proactive control through cueing may be a viable means of improving fine motor response
inhibition. However, given our higherforming OA sample, further investigation is needed to

determine whether promoting proactive control will ha@llpOAs as much as YAs.
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I ntroduction

The Canadian population is aging. In 2016, seniors (defined as older adults over
the age of 65) outhnumbered children and youth under agea15f i r st i n Canadads
(Public Health Agency of Canada, 2021 2019, there were 6.6 million seniors in
the country, making up almost 20% of the overall populatByn20, it is estimated
that there will be about 10.7 million seniors, and that population aging will
continue to accelerate over the next two decalNasionally and internationally,
these trends arg@ue toa combination oflecreasing fertility and mortality rates,
and the aging of baby boomeg(RBublic Health Agency of Canada, 2021; Rudnicka
et al., 2020)
In response to these demographic trentdsre hadveen a focus othe

concept ofhealthy aging, which the Wfld Health Organization (201%)efines as

ot

the process of developing and maintaining t
bei ng i n,and ahbow to argneote healthy agingunctionalability is
conceptuali zed as (@a,physcaliandmentahabiiiti¢gs capaci ty
oneds en\.e.rpoysiocak sotial supportsand their interactionéNorld

Health Organization, 203%hou & Ma, 2022. Recent work on how tmaintain,

evaluate and predict intrinsic capacity in older aduldsdrouped those abilities

into five key domains: locomotion, cognition, vitality, psychological, and sensory

(Beard et al., 2019, 2022; Cesari et al., 20¥8)arge body of research shewhat

the sensory, motor, and cognitive systems, as well as their coordinated integration,

decline even in the context of typical agi(@h-Park, 2017; Paraskevoudi et al.,

2018; Park et al., 2001; T. Salthouse, 2012; T. A. Salthouse, 2019; Tuokko et al.,



2005) Declines in those systems can in turn have a negative impact on older
adul tsd daily functi oni,ang insgme cadaurgivai vi t vy,
(Burton et al., 2006; Gopinath et al., 2012; Gross et al., 2011; Han et al., 2016;
Lewis & Miller, 2007; Lin et al., 2004; Njegovan et al., 2001; Studenski et al.,
2011; Tomaszewski Farias et al., 2009; Wood et al., 2005)

Moreover, adligital technology continues to become more ubiquitous in our
society, there is a growing need for older adults to become familiar and interact
with digital devices such as computers, smartphones, touch pads, and other digital
interfacesIndeed, the number of older adults who own a computer and/or a
smartphone has sharply increased within the past decade, and this upswatidas
been further accelerated since the COMID pandemidMace et al., 2022)
Consequently, there is a growing need for older adults to maintain good cognitive
abilities, fine motor contrgland fine motor coordinatio(Charness & Boot, 2009;
Czaja et al., 2006)

Thus, there is a growing interest and need to further our understanding of
the processes underlying functional independence so that it can be maintained for
as long as possibl@he present thesis will focus dhe cognitive and motor
systems in typical aging; specifically, on the interplay between cognitive control

and fine motor control.
Cognitive Aging1 Behavioural and Neural Changes

It is well-established that in the context of typical aging, some cognitive processes
experience more significant declines than others, wtilerprocesses are maintained and

sometimes even improve over tirfieark et al., 2001)Cognitive aging theories commonly

n o



categorize oneds various cognitive dBaltes,i ti es
1993; Cattell, 1971; Horn, 19703 rystallized abilities are based on experiesue reflecthe
cumulative overlearned, welpracticed, and familidknowledgeone gains throughout their life

such as vocabularjanguage comprehension, ayeheral knowledgen contrast, luid abilities

require one to atten@rocess, manipulate, and/or learn new information fromn émironment

and include abilities such as processing speed, memory, and executive Suatmgnitive

control processe@ckerman, 1996; Baltes, 1993; Harada et al., 2013; Paraskevoudi et al., 2018;
Park et al., 2001; Spreng & Turner, 2019)

While crystallized abilities are well preserved in old age or even improve, fluid abilities
reach their peak in threeconddecade of life and show a steady and near linear decline as one
becomes oldgBaltes, 1993; Paraskevoudi et al., 2018; Park et al., 2001; Spreng & Turner,
2019; Verhaeghen, 2003; Verhaeghen & Cerella, 2@08jitionally, it has been shown that to
compensate for declines in fluid abilities, older adults increasingly rely on crystallized abilities to
maintain their cognitive performance and to solve everyday prol{Raties et al., 1999; Chen
et al., 2017)These changes are demonstrated by the way performance on various
neuropsychological tasksd everyday problemevolve with increasing age. For instance,
performance on measures of world knowledge (crystallaedymulated knowledge) have been
shown to be relatively well preservehd there is evidence that social reasoning improves with
age(Gross et al., 2011; Park et al., 2001; Spreng & Turner, 2Cdverselysteady declingin
performanceareobserved on measures of working memory, {@rgn memory, processing
speedand cognitive control processes such as inhibitory abatrd taskswitching(Chalfonte
& Johnson, 1996; Hedden & Park, 2001; Kramer et al., 1999; Park et al., 2001; Spreng & Turner,

2019; Zacks & Hasher, 1994)



Age-relateddeclinein fluid abilities isalsoparalleled bychanges in the neuroanatomy
and function of the brairAging is associated witlvidespreadiecreases in gray and white
matter volumen regions like the prefrontal cortex, hippocampus, caudate, cerebellum, and
association cortices, as well as with loss of white matter intg@itgkner, 2004; Kaup et al.,
2011; Paraskevoudi et al., 2018; Raz et al., 2005; Spreng & Turner, 2019,I12318s0
correlated withdisruptions in major functional neuronal networks such as the default network
and the frontoparietal network, and these disruptions are in turn associatedgpmitiive and
motor deficits includingmpairments in response inhibition, attentional processes, processing
speedandworking memory(AndrewsHanna et al., 2007; Paraskevoudi et al., 20¥®yeover
many studies have observed an-eglatedenhanced bilateral recruitmenttbk lateral
prefrontal corticeswhich are critically involved in the implementation of cognitive control
processewhen completing goalirected taskHowever there remains debate astbether this
increasegrefrontalactivity serves as a compensatory mechanism forelgeed declines in
cognitive resources @ simply anagerelated difference in brain activity due to neural

inefficiency or dedifferentiatiofCabeza et al., 2018)
Cognitive Control and Its Underlying Processes

As discussed praously, executivécognitivecontrol processemrep art of oneds f |
abilitiesthat decline with ageand they are a critical aspect of human cognition and everyday
functioning Control processes enable doneegulate, coordinate, or plan their thoughts and
actions in accordance to their goal and ireaarchangingnvironmen{Manard et al., 2014;

Miller & Cohen, 2001) Examples of situations that require cognitive controlude:doing
groceries and mentally keeping track of the items you already have and the items you need to

buy, shifting your attention between two tasks you need to complete in pahaiely a car and



paying attentiorto the road instead of getting distracted by the raaid,writing a manuscript
while resisting the urge watcha riveting animal documentaryloreover, it is widely
acknowledged that impairments in cognitive control are a significant feature of numerous
psychol ogi cal and neurocognitive disorders su
depression, among othdBraver et al., 2021; McTeague et al., 2016)

Variousdefinitionsof executive control functions have been propased debatedh the
literature thus fa(Baddeley & Hitch, 1974; Chan et al., 2008; Diamond, 2013; Friedman et al.,

2006; Karr et al., 2018; Miyake et al., 2000; T. A. Salthouse etal., 2003y a ke et al . (

NS

model isamongthe most commonly citegndreplicated Baggetta & Alexander, 2016; Jurado &
Rosselli, 2007; Lehto et al., 2003) this model, executive functiontisought to béoth a

unitary constructwith a common underlying mechanismdthree separate but moderately
correlateccomponerg shifting, updating and inhibition(Miyake et al., 2000)Shifting refers to
the ability to flexibly switch between tasks or mental setsle updatingnvolvesactively
monitoling and manipulahg the conterd of working memory such that information that is no
longer relevant is replaced by newer, more relevant information. Finally, inhibition (response
inhibition) refers tothe ability todeliberatelysuppress arepotenbr automatic response when

necessaryand to subsequently reprogramare appropriate actigiMiyake et al., 2000)
Responsd nhibition in Older Adulthood

The ability to inhibit prepotent responsgspiesto both habitual thoughts and habitual
motor actiongHasher & Campbell, 2020) For exampl e, i f oneds domi |
reaching for objects with the other arm would require response inhibition to avoid movements of
the injured dominant arntn the cognitive domainyhen a cue triggers many responses at once,

failure to suppress the irrelevant competing respomsgsresult irretrieval failureqLustig &



Jantz, 2015)Age-related declines in response inhibition are well documented in the literature
usingtasks such as the Stroop, geffmand stogsignal taskgAndrés et al., 2008; Comalli et
al., 1962; Dorfman, 1998; Hasher & Campbell, 2020;-Rieymet & Gade, 2018; Troyer et al.,
2006) Inhibition with respect to gross motor control has also been investigated extensively
within older adultswith studies showing thaecreasingesponse inhibition capabilities is
associated witlvorse posturatontrol step initiation and suppression, ayait (Cohen et al.,
2011; England et al., 2021; Potocanac et al., 2015; Sparto et al., B0&&\ver,the aging of
response inhibition with respect to compfae mota tasksis a relatively understudied area
despite the upper limbs being the most active part of the human motor systémaiandhrked
agerelated degradatiofirrolov et al., 2020)

Past studies conducted at Concordia University have used as$egeencing paradigm
to examine age differences in fine motor response inhibjonotkevich et al., 2015;
Trewartha et al., 2009, 2011, 2018hown in Figure 1lthe task involvegounger and older
adultparticipants making key presses udiogr fingers fromtheir right hand on a piarype
keyboard, whileviewing a computer monitof-our dark gray boxes were presented horizontally
on the screen, and each box represented a particular finger as well as one of four consecutive
keys on the keyboard. The boxes on the screen changed color one at a time, and participants
were instructed to follow along and press the corresponding keyheithssigne finger as
quickly and accurately as possible. Participants first learned a prepotent action by repeating the
same pair of key presses for 15 trials. In the subsequent condition, trials were heterogenous,
containing both the prepotent sequence and abisiiquences (see Figure 1 for example).

Conflicting sequences consisted of the first key press from the prepotent pair followed by an



Figure 1

Finger Sequencing Task Apparatus and Sample Trials for Each Task Condition

[ |
—_
1 23| 4
.
0 .
- -
O
Examples of stimulus pairs in each condition
Condition Example Sequence Stimulus Type Breakdown
Random Baseline (15 trials) 4213214123 150 random stimuli
Pre-potent Baseline (15 trials) 1212121212 75 pre-potent stimuli
ot Otrrlll;]s{) plocks of3 1212121212 125 pre-potent stimuli
. X ) 240 pre-potent stimuli
Mixed (3 blocks of 20 trials) 1212141212

60 conflicting stimuli

Note Finger sequencing task used in Trewartha et al. (2011, 2013) and Korotkevich et al.
(2015)06s studi es. \Hamd colaur, pattigipamspressédentieo ni t or

corresponding key with the corresponding finger. Illustration taken from Trewartha et al. (2013).



unexpected alternate second key press, and required the inhibition of the prepotent finger
sequencing action and reprogramming to the appropriate motor resResaés from those
studies showed thatder adults experience significant dectiire fine motor response inhibition
and reprogramming, as well as in conflict adaptatidoreover, those ageelated declines were
proposed to be associated with reduced cognitive capacity and with older adults favoring an
increasingly more reactive form of cognitigentrol (Braver, 2012)but thisspeculatiorwasnot

formally investigatedn terms of ageelated declines in proactive control
Proactive and Reactive Controli A Dual Mechanisms View of @gnitive Control

The dual mechanisms of control (DMC) framework is a prominent model that focuses on
the temporal dynamics of cognitive control proce¢Beaver, 2012)The central hypothesis of
the DMC model is that cognitive control operates in two distinct modes: proactive and reactive.
Proactive control is employed in anticipation of cognitively demanding eveatden to
optimally bias attention, perception, and action systems in adgiweh manner, and requires the
active and sustained maintenance ofgo& | evant i nf ormation in oneo:
such, proactive contr@nables one tanticipate and prevent interference before it occurs to
optimize perfomance In contrast, reactive control is akin to a late correction mechanism that is
employed as needed and in response to a conflict or high interference event. In other words,
reactive control is deployed after the onset and detection of interference, and goals are transiently
reactivatedEach mode of cognitive control is also associated with its unique neural signature.
Proactive control is associated with sustained activation of the prefrontal cortex (PFC), which
reflects the active maintenance of goglhted informationBy contrastreactive control is

associated with transient activation of the lateral PFC and brain reguaised in conflict



monitoringor episodic/associative cueing such as the anterior cingulate cortex, posterior parietal
cortex, and medial temporal lofBotvinick et al., 2001; Braver et al., 2009, 2021)

While proactive control optimizes performance, it is more cognitively tazamgpared to
reactive controtiue to the sustained activation of goalevant information. Therefore,
successful cognition relies on adaptive mixture of proactive and reactive cor(Boaver,
2012) However, there is variatiomithin and between individuals in termswich mode of
cognitive control is favored over the other (task and state relatedgrait related), and
between differenagegroups(Braver, 2012)Previous studies have shown tbaerall,while
younger adults have a bias toward proactive cortympical older adults have a bias toward
reactive control due to decreasing cognitive resources such as working memory eaghcity
processing speetloreover, there is evidence that while there is apralg¢ed decline in
proactive controlreactive control is relatively spared in old dBell et al., 2023; Braver, 2012;
Bugg, 2014; Czernochowski et al., 2010; Manard et al., 2014)

Assessing Proactive and Reactive Confrdalhe AX-CPT

The AX-Continuous Performance Test (AXPT), shown in Figure 2is a paradigm that
has been commonly used to investigate proactive and reactive control due to its simplicity and
applicability in a wide range of populatio(Barch et al., 2009; Braver et al., 2001; Chatham et
al., 2009; Gonthier et al., 2016; Iselin & DeCoster, 2009; Paxton et al.,. 2008 task,
participants are presented with a series of single letters that are groupeghesbeygairs; in
each trial, a cue letter is presented, followed by a probe letter after a delay period. There are four
types of cugprobe pairs: the target AX (an A cueléated by an X probe), AY (an A cue
followed by any letter other than X), BX (any néncue followed by an X probe), and BY (any

nonA cue followed byanyneX pr obe) . Participants respond i



1C

Figure 2

Schematic of AxContinuous Performance Test (AOPT) Paradigm

0o®

Time

PROBE T_r
CUE [
PROBE [ / |
CUE[ A BY Trial

PROBE[ /

CUE AX Trial

PROBE| ‘ Target
CUE | R AY Trial Response

Note Single letters are displayed as a series ofptabe pairs. The target requiring a response is
defined as an X probe when and only when it is preceded by an A cue. The task has three types
of nontarget trials: AY, BX, and BY (Y refers to any ndhprobe, and B refers to any ngh

cue). lllustration taken fror(Braver et al., 2001)
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the other combinations. Importantly, 70% of the trials consist of the AX sequence while the
remaining 30% are equally divided between the-tamget sequences (AY, BX, BY), leading
participants to strongly associate A cues with X probes. This strong association, in turn, leads
participants to an increased expectancy of a target following an A cue, and to a prepotent
response tendency when ¥ probe is presented to them.

Due to the delay between the offset of the cue and the onset of the probe, one can
complete the AXCPTusing either a more proactive or reactive stratégy.instance,
individualswho rely more on proactive control can prepare their response after seeing a cue by
actively maintaining both the goal of the task (respond only to AX pairs) and the nature of the
cue (A or B cue) during the delay period. Alternativatgividuals who favour a more reactive
strategy can simply wait until the targetis preserled.oul d t he pr obethdde an X
moment 0 retrieve the cue that was @makeaent ed b
response or not. In the event that a Y probe is presented instead, there would be no need to
retrieve information about the cue in order to choose the appropriate answer.

The extent to which ortends to employ oneode of cognitive control over the other
can be assessed through the-BRT because they favour and impair different sequences.
Proactive control is beneficial for BX because the B cue can facilitate the inhibition of the
dominant but inappropriate resgganwhen an X probe is shown subsequently. However, it is
detrimental to performance on AY sequences becausk the triggers a false expectation that
the following probe will be an X prob&onversely, reactiveontrol is beneficial for
performance on AY because the impact of the cue is lessened, but performance on BX is
impaired because the prepot&ntesponse needs to be overridden on the spthtout a strong

representation of the preceding c@éder aduls typically showimpaired performance on BX
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trials, but relatively spared performance on the AY trials compared to younger(8daltsr et
al., 2001) Moreovero | der adul tsé i mpaired performance
slower reaction times rather than increased errors, which fatiggiestshatreactive control

may be relatively intaqBraver et al., 2005)
Summary and Open Questions

A large body of research has shown that cognitive control procéssathing,
updating, inhibitionjare subject to decliria typical agingand that those abilities are crucial
t o o0 ne o0 sfunetioneng RPrevmmys studiewf response inhibition and fine motor
sequencindhave proposed thagerelated declines in proactive controly underlie the

agerelatedperformance declinesloweverthis association hastbeen formallyassessed.
The Current Study

To address this gap, the present study used the DMC framawd&kX-CPT methodo
examine the extent to which fine motor response inhibition relies on specific modes of cognitive
control. To do soyounger (YA) and older (OA) adults completedeawly programmedask that
combinel the finger sequencing tagkorotkevich,2015; Trewartha2011, 2013) with the AX
CPT paradigmLike the finger sequencing taslkanticipants were firsrained on aequence of
two key presses, thus developing a prepotent nmesmonseParticipantsnextcompletedmixed
blocksprimarily composed of the prepotent sequeancd less frequently occurrirapnflict
sequencedor which successful performance reliedresponseénhibition and reprogmraming.
Thenumberof prepotent and conflict sequences in each block followed the same proportions as
the four different cugrobe pairs in the AXCPT. In the last two blocks of the task, stiosul

onses werepreceded by aue(asterisk above the boxyy promote the use of proactive control.

o

I
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Based upon the literature showing thi@s have a propensity to employ proactive
control whereas OAendto use reactive contrahree hypotheses were put forwavde
expected that) promoting proactive control througlueing would improve reaction time
performance for the YA group mosethan for the OA groupas we believed that YAs would be
better equipped to utilize the cues than the Q¥es also predicted that #)e presence of a cue
prior toeachbox changing color will help performance on the sé&tjuences the most, as it is
the one that causes the most proactive interference. Lastly, we hypothesi&aliaiigh an
incongruent/invalid cue would negatively impact performance for both age grogpsedgative

effectshould be morgrominentin the YAs due to their greater reliance on proactive control.

Methods
Participants

The datawverecollected in person at Concordia University (Montreal, QC, Canada).
Preliminary power analyses using G*Powecommended minimumtotal sample sizef 29
participants in order to achieve 0.95 power
(Faul et al., 2009)Sixty-two participants were recruitethcluding 34younger adultsgges 18
31) from the undergraduate population at Concordia University8mdder adults dges 8-79)
from the community in the general Montreal atdawever, two older female adult participants
wereexcluded from further analyses due to a large numbiecofrecttrials on the
computerized task, resulting in a final sample size of 60 particig@htlose60 participants,
there were8 males (four in each age group) ar&ddé&males (30 in the younger adult group and
22 in the older adult group).

Inclusion criteria wereright-handedessandabsencef cognitive, mood, and/or physical

conditions that could affect their cognitivefore motor performancd?articipants hatess than

t
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3 years of musical training, amaust not hav@racticedregularly in the past 10 years (see
AppendixA for telephone screening survepdditionally, older adult participants were
excluded if they receivea score of 2 or lesson the Montreal Cognitive AssessméMinCA;
Nasreddine et al., 2009)ue to the design of thmomputerized task, participants were also
screened for redreen color blindness.

The study was reviewed and accepted by the Concordia University Human Research
Ethics Committee. All participants gave the@rbalconsent tgarticipate in the telephone
screeimg as well agheir written consent to participatetimefull experimentAs compensation,

younger adults were giveroursecredits, and older adults were given an honorariu80f
Background Measures

Following the written consent stag&rficipants were given a background demographic
guestionnaire (see Append®), whichincluded questions regarding their physical and mental
health history, as well as questions about their sociodemographic characteristics and their daily
computer usage. Older adult participants were also given the MoCA to screen for possible mild
cognitive impairmat (MCI). Paperandpencil reuropsychological tests were administered to get
an overview of some of their baseline cogmtabilities, and included: the Col@vord
Interference Test (CW) from theDelis-Kaplan Executive Function System-{EFS) battery
for inhibition (Delis et al., 2001the Coding subtest from the \reder Adult Intelligence Scale
(WAIS-1V; Wechsler, 2008jor processing speed, and the Lettermber Sequencing (LNS)
subtest from the WAISV for working memoryWechsler, 2008a)

Montreal Cognitive Assessment (MoGA

The MoCA is a brief cognitive screening tool primarily used in clinical settings to

diagnose possible MCI in older adultéasreddine et al., 2005)ersion 7.3 of the test was used
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for the older adult participantmly. The MoCAis designedo assess several cognitive domains,
including: visuospatigbrocessinddrawing twe and threedimensional figures verbal memory
(learning and recall of wordisexecutive functioa(trail making, phonemic fluency, and verbal
similarity); attention(digit span forward and backwargskntenceepetition,and tapping to a
target letter among a sequence of lejtav®rking memorymental arithmetig visual
recognition(animalnaming; andorientation with respect to time and spa&a.individual who
obtains a score of less than@# of 30is suspected of having MQDIder adult @rticipants

with 12 years or less of edation were given an additional point as a corrective factor
(Nasreddine et al., 20050he MoCA has been shown to have good-tetst reliability ( = 0.9)
and internatonsistencyeliability (Cr o n b aphdod 683), as well as high sensitivity and
specificity (Nasreddine et al., 2003)lowever, a recent metnalysis showed that the original
cut-off score of 26 may overestimate cognitive impairment, especially among older adults and
those with a lower education level, and that using @ffigcore of 2 leads to a lower false
positive rate and to a better overall diagnostic accyi@ayson et al., 2018 hereforethe less
stringent cuoff score of 2 out of 30 was used for this study.

Color-Word Interference Test (CWIT)

The CWIT was administeredtoasspsar t i ci pant s 0(Delimetal.bi ti on ak
2001) In thefirst two baseline conditionghey wereasked to name the color of the presented
visual stimuli (Color Naming) and to read words (Word Reading) as quickly and accurately as
possible Subsequently, participants had to inhibit an overlearned verbal response (reading
printed words) in order to name the dissonant ink color in which the words were printed in
(I'nhibition condition). For examp lblegink,they par t i

shoudsay fibl uedo instead of Aredo. On the | ast c¢
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switch between naming the dissonant ink color @acwhsionallyreading the word@ndicated by

a surrounding box)Completion timgin secondsperconditionwasrecorded, as well as the
number of mistakes madéhe CWIT has been shown to have adequate internal consistency (
0.700.79), and testetest reliability(r = 062-0.76 Delis et al., 2001)

Coding (Digit Symbol)

The Coding subtest (previously known as the Digit Symbol) from the WMMas
included to eval uat e (Wechsten 2008plaapartcipantypiensa e ssi ng
key showingthe numbers one to nipairedwith correspondin@bstracsymbok. They are
instructed to refer to the key to fill in the symbols associated with the numbers below.

Participants are given 120 seconds to fill in the squares as quickly and accurately as they can
without skipping any squares. The number of correct symbols drawn by the end of the allotted
time is converted into a score, minus the number of incorrect dgriled in if any. As such,

the highest possible score is 135. This measure has been found to have great internal consistency
reliability (r = 0.84+) andtestretestreliability (r = 0.86;, Wechsler, 2008)

Letter Number Sequencing (LNS)

The LNS is another subtest from the WAM and is a measure of working memory
(Wechsler, 2008a)t has been found to have high internal consisténcy 0.85-0.90) andgood
testretest reliabilityr = 0.76; Wechsler, 2008The examiner reads out several sequences of
random letters and numbers to the participants, and after each sequence they must respond by
rearranging the sequence such that the numbers appear first in ascending order, followed by the
letters in alphabetat order. For examplé, f parti ci pant sl-The&Zatheyt he s e
correctresponsghouldb e -6ATAQ-Z 6. The test begins with a seqg

progresses all the way to sequences of nine characters. It is composed of 10 dexashaiem
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includes three triald?articipants must provide a correct response to at least one trial within an
item before they can progress to the next item. As such, the test is terminated if a participant fails
to answer correctly to all three trials within an itérhe total number of correct responses is

recorded, with a maximum score of 30.
Computerized Task

The computerized task was created using the software In(Mibiseconds, 2022)
Stimuli were presented on22-inch monitorscreerpowered by a Windowg Dell desktop
computer and participantsesponded withheir right handusinga computer keyboarohto
which four red stickers were placed to denote the keys to be used during ti® tastountfor
differences in thenherent strength and coordination between fingers (index, major, ring, and
little), four versions of the task were creatbdeach task version, the overlearned motor action
involved a different key presequencésee AppendixXC). For each age groumdk versions
were assigned to participants in rotation. As sugthin the total samplel6 participants
completedversionl, 16 participants completdtersion 2, 15 participants completédrsion 3,
and 14 participants complet®brsion 4.

Stimuli

Fourgrey boxesZ.5 cm x 2.5 cmyveredisplayed horizontally wer a black background
on the computer screelBach box was associated with a specific key on the keyboard: the
|l eft most square with the AF0O key, the second
AHO key, and the rightmost square liwponeatehe nJ
time, changing to a deep red colour. Whenever participants saw a particular box change color,
they had to press the corresponding key as quickly and accurately as possible. For example, if

they saw the thirboxf r om t he | eft tur n He dkRagicipangghadad t o
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800 ms to make a response once a box changed color. Once those 800 ms were up, the red box
would return to its original gregolor (see Figure 3).

Trial compositioni Incorporating the AXCPT paradigm into the task

Each trial was made up of #dents, thus requiring0 key press responsgsr trial In
keepi ng wIAX-GPTPRaraaigngBraves 2012)those 10 key presses were grouped
into five pairs, each pair being either an AX, AY, BX, or B)peof key press sequence. The
composition of each trial was created in a quasdom fashion. The order of appearance of each
type of key press sequence throughout the task was first randomized in Excel for each version.
Then,trials wereexamined to ensure that there were at least two AX pairs, and that participants
would not encounter more thameeconflicting key press sequences (AY, BX, BY) in a row.

Task Conditions

The computerizethskwasmade up obix partsin fixed order a practice phag@ne trial
composed of 15 random keyessek the prepotenblock (15 trials), twaconflict blockswithout
cueing(20 trials/block), and two conflidilockswith cueing(20 trials/block). Instructions were
presented on the screlkeafore the start afach blockand participants were able to take short
breaks in between each block.

Practice phaseTo help participants become familiar with the setup prior tatteal
start of the task, the practice phase coedist 15 quasirandom key presses with feedback.
After each key press, participasi@wa message appear below the foaxes statingwhether
they pressed the correct keyd iftheyresponded too early or too lateresponse was
consi der eahd matkedas incarreifdt vas made after the 800 mssponséime
wi ndow. On the other hand, a cowtedasancasrectifas c on

was made within the first 100 ms after stimulus onset, as it has been shoivtakes about
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Figure 3

Example of a Task Stimulus and the Correct Key Press Response

Inter-stimuli interval: 400 ms Response window: 800 ms

Total duration: 1200 ms

Note The interstimuli intervalrefersto thedurationbetween eacholour changewhenall four
squaresveregrey. For explanatory purposemd not in the experimerthe boxes are labeled

hereusingthenumbes 1-4, from left to right.
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100 ms for visual information to be processed for object recogriiiadmson et al., 2023;
Masquelier et al., 2011This phase was the only one with feedback; for the remainder of the
experimentno feedback was given to participants.

Prepotent block. In this portion of the task, a specific sequencevafkey pressewas
repeated 75 times (for a total of 150 key presses) to have participants ovesieapieéine
motor action sequencé.hi s prepotent sequence is {CBbell ed
paradigmFor example, in one version of the taBkx 1 would turn red followed byBox 3, 75
times. Thus, forthe ar t i ci pants who completed this versi
with their i ndexHdikgyerwiatnid ttheinr omi nd ef iinger
sequenceFurthermoreparticipants were primed to exp@aix 3to turn red whenever they saw
Box 1change color, akin to how in the AGPT taskBraver, 2012)ndividuals expe&dto see
an AX0 probe following an AAO0 cue.

Conflict blocks without cueing. Following the prepotent block, participants completed
two blocks of 20 trialstotalling 200 pairs of key pressedmong those, 70% were the
overlearned key press sequence (AX). The remaining 30% were equally dividedthebinge
conflicting key press sequenceswhich theending key press differed (AYiheleading key
press differed (BX), and both the leading and ending key presses differed from the prepotent
sequence (BY)Those conflicting pairs were meant to introduce instaimcesich participants
had to inhibit the overlearned motor action and reprogram it timd¢lheatedaction sequencé&or
a breakdown of the number of eagguence typeithin a block,seeTable D1 inAppendixD.

Conflict blocks with cueing. The last two blocks of theomputerizedask were similar
to thepreviously described uncued conflict blocksey includel 200 pairs of key presses, with

70% being the AX sequence, and 30% being one of the conflict sequences (BX, AY, BY).
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Different from the uncued blockparticipants saw an asterisk appear above one of the boxes
prior to abox changing colarParticipants were instructed that the astenslkcatedwhich box

had a high likelihood of turning rednd were asked to pay attention to it and only respond after
they awaboxturn red The asterisk remained on the screen for 300 ms, followed by a delay
period 0f400 ms and theabox changing colou(see Figurel). The asterisk serdeas a cue and
was meanto promote the use of proactive contrddlditionally, to encourage participants to
withhold responding until theyawa box changing cologndto assess the extent to which they
made use of the cues presented to tleesmall portion of the cuder X and Ywere misleading,

or in other words incongruent with the color change (seer&#). To beconsistent with the
AX-CPT paradigm, for each type of key press sequence (AX/BX/AY/B3% of them were
preceded by a congruent cue, while the other 30% were preceded by an incongruent cue. For a
full breakdown of the total number of each type of key press with congruent and with

incongruent cueingseeTableD2 in AppendixD.
Procedure

Participantsdé eligibility for the study wa
interview. During the irperson testing sessigoarticipants completed a consent form, and then
the examiner administered the background demographic questionnaire followed by the
neuropsychological tests. Lastly, participants completed the computerized task. The main
outcome variable of interest fortheo mput eri zed task was participa

each key press they made. The entire experiment lasted between 1 and 1.5h.
Data Analysis

All data processing and analyses were done using R version(RZ0re Team, 2023)

and RstudiqPosit team, 2023For all data, outliers were identified using the boxplot method.
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Figure 4

Example of StimuluBreceded by &ue and the Correct Key Press Response

Inter-stimuli interval: 100 ms Cue presentation: 300 ms Delay period: 400 ms Respunse window: 800 ms
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4 Total duration: 1600 ms >

B)

Inter-stimuli interval: 100 ms Cue presentation: 300 ms Delay period: 400 ms Respunse window: 800 ms

.....

Note.Figure 2a shows a stimulus onset preceded by a congruent cue. Figure 2h stiowkis

onset preceded by an incongruent cue.
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Any score with values 1.5*IQR above the third quartile (Q3) and with values 1.5*IQR below the
first quartile (Q1) were considered as extreme outldosextreme values were detected in either
age groups when inspecting the main outcome variable of interest for the computerized task
(reaction time) anthe baseline neuropsychological scores. Because the main statistical
technique used for this study is robust toward-exineme outliers, those data points were not
removed. Additionally, each outcome measyn@uped by age group had a skew index below |3]
and a kurtosis value below |10|, and were thus considered to not be severatymaliKline,
2020) There were no missing data.

The sociodemographitharacteristics of each age group, along with theiformance on
the neuropsychological measures, were compared using Studst# for continuous variables
(or Welch ttests if the homogeneity of variance assumption was notanéf i s hegacti@ss
for the categorical variabex Age group comparisonsefach sequence typeds
time were examined faach taskcondition using Studenttests or ManfWhitney Utests (also
referred to as Wilcoxon rardum tests) if the normality assumption was not met, as the latter are
robust against nenormality (Zimmerman & Zumbo, 1990Preliminary analyses of the
accuracy rateataidentified several extreme outligrsboth age group@ive data points out of
240 in the OA group and 11 data points out of 240 in the YA groeuggh were removed for
subsequent statistical analyses. Age group comparisbns e ach sequence typeods
rate were examined for each task condition using Welkests or ManiWhitney U tests if non
normality was present.

Additionally, in keeping with previous A>XCPT researcha Proactive Behavioural Index
for reaction time, calculated a8 (0 6 WX 0 @ O &, was derived for each age group and for

each task conditioWith values ranging frorl to +1, positive PBI reflects a higher level of
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interference on the AY sequences, indicaartgndency toward proactive control, whereas a
negative PBI reflects higher interference onBixesequences and is indicative of a propensity
for reactive contro{Gonthier et al., 2016; Qiao et al., 201BBIs for each task condition were
compared across age groups using Studkests.

Linear mixed effects modeling was udedthe main analyses of the détam the
computerized task witthelmerTestfunction(Kuznetsova et al., 201om thelme4package
(Bates et al., 2015This approach was used because it enables data analysis at toé level
individual key pressesstead of using averaged means, all while accounting for wsttiect
grouping of the data. As sudhherentinter-individual differencesn response speed and in the
way predictor variables affect performance can be accounted for.

Two sets ofinear mixed modehnalyses were conducted, WiRiTs for the key presses in
the conflict blocksas the dependent variabléhe first set includetrials fromall four conflict
blocks with congruenly and incongruemy cuedkey pressepooled together. The main fixed
effects of interest wer&ge Group (YA vs OA), CuePresence (no cue wwith cue), and
Sequence TypEAX, BX, AY, BY). The second seif analyse®nly includel trials from the
conflict blocks with cueing, and the main fixed effeztsnterest werége Group, Sequence
Type, andCue Congruency (congruent cueing.wscongruent cueing}-or all mixed effects
analyses, models included random intercepts by participants, as well as random slojpes for
presence/cue congruency to take into account the possibilitthéyahay impact each
participantdéds performance to a varying extent

To avoid overfittinganalyses always began with a null model that only incltice
random effect structure. Fixed effects were then progressively added, and each model was

comparedhgainsthe previous one to determine whether the added effect significantly improved
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modéd fit. To determine the bestodel, likelihood ratio tests were used to obtain AIC and BIC
values, as well gs-values. When comparing models, the more complex one was only retained if
its additional fixed effect significantly improved model fit over the simpler bneases when
two models did not significantly differ from one another with respect to model fit, the one with
the lower AIC/BIC values was retained.

Once the best fitting model was determined, omniuandp-values were calculated
using theAnovafunction from thecar packaggFox & Weisberg, 2019 nd KenwarcRo ger 6 s
method to estimate degrees of freedbtalekoh & Hgjsgaard, 2014)\Vhen a statistically
significantinteraction effect was detected, pbsic comparisons using tiB®mnferroni
adjustmert for multiple comparisons were made using én@neanpackagglLenth, 2023)
Contrasts involving continuous variables were estimated usirgnhbrenddunction from the
emmeangackageAll plots were generated usimggplot2(Wickham, 2009)wesandersofRam

& Wickham, 2018)

Results
Sample Characteristics

Sample characteristieggeshown in Table below. Both age groups were femaskewed
(85% female for the OAand88% female for the YAsh a comparable way, and alsad
similar education leve]4(58)= 1.67,p = 0.1Q However, OAs on average spent significantly
fewerhours than YAs using their computers on a daily basis4.65,df = 58,p = 0.00002.
They also spoke significanthgwerlanguages than the YA groups -3.00,df = 58,p = 0.004.
With respect to neuropsychological performar@As did not significantly differ from YAs on
working memory capacit NS), t = 1.30,df = 58,p = 0.2Q but did exhibit slower processing

speedCoding),t = -4.65,df = 58,p < 0.0001 The OA groupwvasalso significantly slower than
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Table 1

Sociodemographic and neuropsychological characteristics of participants

Older Adults Younger Adults

(n= 26) (n= 34) Statistics

M SD M SD Student (Welch}¢ p
Sex (Femalé) 0.85 0.37 0.88 0.33 o} ns
Age (years) 71.69 3.37 22.05 3.37 51.40 < 0.00:
Education level (years) 16.62 3.14 15.39 2.53 1.67 0.1¢(
Number of languages spoken 2.30 0.93 3.00 0.85 -3.00 0.00¢
Average daily computer use (hours  3.32 2.10 6.72 3.24 -4.65 < 0.000:
MoCA (Total Score /30) 27.27 1.28 o} o} o}
WAIS-IV T Coding (Raw Score/120 68.65 12.54 85.47 9.15 -6.01 < 0.000:
WAIS-IV T LNS (Raw Score/30) 19.77 2.61 18.79 3.05 1.30 0.20
D-KEFSiT CWIT Color (s) 31.35 6.01 27.68 3.83 2.88 0.006
D-KEFST CWIT Reading (s) 22.92 3.74 2041 3.10 2.84 0.006
D-KEFSiT CWIT Inhibition (s) 60.04 15.46 44.29 8.95 (4.63) < 0.0001
D-KEFST CWIT Switching (s) 65.81 17.47 50.15 8.87 (4.18) 0.0002
CWIT Inhibition Cost (s) 28.69 13.56 16.62 729  (4.64) < 0.0001
CWIT Switching Cost (s) 5.77 12.27 5.85 7.99  (-1.05) 0.30

Note MoCA =Montreal Cognitive Assessment; WAIS = Wechsler Adult Intelligence Scale,

4™ Edition; LNS = LettesNumber Sequencing;-BEFS = DelisKaplan Executive Function

System; CWIT = Color Word Interference Test; s = seco@UgIT inhibition cost derived from
subtracting Color time from Inhibition time; CWIT switching cost derived from subtracting

Inhibition time from Switching time.

Fi s h er 0 swasused fortthe vagiab#ex To obtain a mean and standard deviation,

males were assigned a value of 0 and females were assigned a value of 1. A mean value closer to
1 would indicate that the group is primarily composed of females, whereas a mean value closer

to 0 would indicate thahe group is primarily composed of males.

b Statistical contrastefer tocontrasts ofhe older adults against the younger adults



27

YAs on the measure of inhibition (CWIT) across all conditiqgpes<(0.006) with the exception

of the CWIT Switching Cost contragi € 0.30)
Age Differences in Global Performance on Computerized Task

Par t i clobalgerformamce gn the computerized tasshown inTables 2 and &r
reaction time and accuracy rates, respectively. Across all conditions, OAs showed significantly
slower reaction times than YAs on all key press sequepses(.0001). OAs weralso
significantly less accurate than YAs on AX, BX, and BY sequemes (0.03) in thé&No Cue
condition, but showed comparable accureatgson AY sequenced) = 425,p = 0.80. When
stimuli werecongruently cuedOAs weresignificantly less accurate than YAs on AX and AY
sequenceyE< 0.07), butthe age groupgerformedsimilarly onBX and BY sequencep$>
0.13. When stimuli weréncongruentlycued, OAs had lower accuracy rates than Yéws AX
and BX sequencepg< 0.03), buthe groups were similarly accuraie AY and BY sequences
(ps> 0.08).Both groups had a positive PBiat suggestedslight bias forproactive control.
While OAs had a significantly lower PBI compared to YiAshe No Cue conditiort,= -2.03,df
= 58,p = 0.05 the age groups had similar PBs > 0.55)in the With Cue condition, regardless

of cue congruency.
Performance on Computerized Task Mixed Model Analyses

Reaction time performance on the computerized task was analyzed in 1) across all
experimental conditiongNo CueandWith Cueconditions), and 2) within the cued trials only.
To account for multicollinearity issues when continuous variables were added into the mixed
models, performance on the Coding and LNS subtests weregaatared. Additionally, initial
models with untransfoned reaction time data had a high number of influential data points. A

log10 transformation was therefore applied to the reatitioe data, which solved for this issue.
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Table 2

Summary Statistics of Computer Task Across Age Grolpsaction Time (ms)

OI?:LAZ%;MS You(T]g:e;,Z\)d ults Group Contrast®
M SD M SD t,uP p

Trials Without Cue

AX 420.34 124.75 322.65 99.95 (817) < 0.0001

AY 573.84 110.91 466.13 99.71 5.89 < 0.0001

BX 525.90 119.79 395.03 98.01 7.54 < 0.0001

BY 532.90 124.71 439.00 119.07 5.07 < 0.0001

PBI Index 0.04 0.08 0.08 0.06 -2.03 0.05
Trials With Congruent Cue

AX 367.85 107.40 275.91 89.24 6.93 < 0.0001

AY 417.91 117.72 318.66 106.82 562 < 0.0001

BX 383.44 114.74 287.87 94.01 (766 < 0.0001

BY 399.24  126.15 299.98 105.28 5.36 < 0.0001

PBI Index 0.04 0.09 0.05 0.09 -0.5%6 0.55
Trials With Incongruent Cue

AX 542.56 120.45 400.62 104.38 9.40 < 0.0001

AY 620.70 91.21 487.23 101.77 7.92 < 0.0001

BX 560.18 95.46 426.48 104.63 8.18 < 0.0001

BY 602.22 98.62 475.37 104.97 6.36 < 0.0001

PBI Index 0.06 0.06 0.06 0.08 -0.01 0.99

Note PBI = Proactive Behavioural Indésanges from1 to +1, with positive numbers indicating
a bias for proactive control and negative numbers indicating a bias for reactive control)
aStatistical contrasts compeolder adults against the younger adults.

b Contrast values in parentheses were calculated iamg-Whitney U tests, while contrast

valueswithout parentheses were calculated using Stutiersts.
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Table 3

Summary Statistics of Computer Task Across Age Growacuracy Rate

Olt(j:LAé%L)lltS You(%gfrgﬁ;jults Group Contrasts
M SD M SD t,uP p
Trials Without Cue
AX 0.93 0.10 0.97 0.04 (296) 0.8
AY 0.83 0.13 0.8 0.1 -0.45 0.66
BX 0.85 0.14 0.95 0.08 (209) 0.0003
BY 0.82 0.15 0.90 0.09 -2.47 0.02
Trials With Congruent Cue
AX 0.83 0.22 0.92 0.12 -1.80 0.08
AY 0.82 0.24 0.91 0.13 -1.79 0.08
BX 0.85 0.24 0.91 0.14 -1.09 0.28
BY 0.84 0.21 0.91 0.15 -1.45 0.16
Trials With Incongruent Cue
AX 0.76 0.20 0.85 0.15 -1.97 0.06
AY 0.67 0.31 0.79 0.19 -1.69 0.10
BX 0.69 0.26 0.86 0.16 -2.95 0.0
BY 0.59 0.30 0.80 0.18 -3.20 0.003

Note Analyses were conducted after removing extreme outliers identified in the mean accuracy
rate of each sequence type in each age group.

& Statistical contrasts commethe older adults against the younger adults

b Contrast values in parentheses were calculated using-M#itney U tests, while contrast

valueswithout parentheses were calculated using Stutiersts.
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For data visualization purposes, reaction time values were then untransformed back to their
original scalesModel fit information for all the analyzed models can be found in Appendix E.

Across uncued and cued conditions

To examine whether th@resence of a cue priorto stimmepr esent ati on woul d
perf or mance rgpoteesis 1 andth wh@helbcaeing helped performance on AY
sequences the mosiypothesis 2)mixed effect models with Age Group, Cue Presence,
Sequence Typeand their interaction ternas fixed effectsvere compared against each other
The selected modéWodel 1;conditionalR? = 0.41, marginaR? = 0.25)included the following
6 fixed effects: Age Group, Cue Presence, Sequence Typ&;dge Cue Presence, Age
Group Sequence Type, and Cue Presen@equence Typésee Tabld=1in AppendixF for
supplementary information dhemodel)

Contrary to Hypothesis 1,hile cueing was associated with averalldecrease in
reaction timefor all sequence typgps < 0.0001), its effect wasimilar forboth age groupE
0.52).However, there was a significant interaction between Cue Presence and Sequence Type,
F(3, 21165.13) = 201.2¢,< 0.001,dp> = 0.03,shown in Figure 5 belowRosthoc comparisons
showed thatri theNo Cuecondition, conflict sequences were associated with significantly
higher reaction times than Agps < 0.0001). AY produced the most interferernue<0.0001),
followed by BY ( < 0.0001) and then BX. With the presence of a cue, participants still had
higher reaction times for conflict sequences than for ps&(0.0001) and AY remained the
most interfering sequencpg< 0.0001), but BY was no longer significantly more interfering

thanBX (p = 0.11).
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Figure 5

Reaction Time (ms) of Each Sequence Typwitue andWith Cue Conditions
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Note Reaction time of AX (green), AY (red), BX (yellow), and BY (blue) sequencéicue
andWith Cueconditions of the computerized tagie horizontal lines of the boxes correspond
to the 2% percentile, 58 percentile (median), and #%ercentile, respectively. The length of the
box corresponds to the interquartile range (difference betwdtantb2¥' percentile).
Untransformed valuswere useddr data visualization purposeé3urved brackets compare

neighboring boxplots (e.g., AY and BX), while sgai@rackets compare noeighboring

boxplots (e.g., AY and BYNS=nons i gni fi cant pO0O0®1* *d i ndicates
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Importantly, estimated marginal means ratios of each sequencactysaconditions
(g0 ® jOO ) showed that cueing decreased reaction time for AY sequences the
most compared with the other sequences (see Appendix G for exact values and Figure 6). The
ratiod @ jOo @ had the highest value, indicating that the reaction time difference
between No Cue and With Cue conditions was the largest for AY, vughicHine with
Hypothesis 2There was also a significant interactiogtween Age Group and Sequence Type
F(3, 21165.44) = 5.9 < 0.001,dy> = 0.0008, showin Figure 7 . Poshoc comparisons show
that for OAs BX and BY sequences were similarly interfermg (.00), whereas for YAs BY
sequences caused more interference thanpBX0.0001).

A Closer Look at Cued Trials

To encourage participants to respond only after they saw a box changing color and to
examine the extent to which they relied on the cues, a small portion of the cues for X and Y key
presses were incongruent with the color change. To investigate whethegrirerdrcueing
affected YAsd performance more than the OAO6s
Group, Cue Congruency, Sequence Type, and their interaction terms as fixednaffects
compared against each other. The selected nfourlel 2;condtional R? = 0.57, marginalR? =
0.40)included the followingl fixed effects: Age Group, Cueongruency Sequence Typand
CueCongruency Sequence Typé&eeTableF2 in Appendix F for supplementary information
on model 2.

Contrary to Hypothesis 3, whilacongruentueing was associated with an overall
decrease in reaction time for all sequence typgs 0.0001), its effect was similar for both age
groups p = 0.64). However, theravas a significant interaction betwe€ne Congruency and

Sequence Typd;(3,10111.28 = 5.82,p < 0.001,dy> = 0.002, shown in Figure 8. Pdsc
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Figure 6

Estimated Marginal Means of Reaction Time (ms) by Cue Presence and Sequence Type
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Note Estimated marginal means of reaction times for AX (green), AY (red), BX (yellow), and
BY (blue) in the No Cue and With Cue conditions of the computerized task. Error bars
correspond to the 95% confidence intervals of the estimated marginal tdetmassformed

values were used for data visualization purpoSgeare brackets compare Aogighboring

boxplots (e.g., A¥in No Cue condition and AY in With Cue conditjod * 6 i p®D.@5at e s

6***p (pMEAOOkL at es
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Figure 7

Reaction Time (ms) of Each Sequence Type for Younger and Older Adults
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Note Reaction time of AX (green), AY (red), BX (yellow), and BY (blue) sequences for
younger (YA) and older (OA) adult participants. The horizontal lines of the boxes correspond to
the 2%" percentile, 59 percentile (median), and ¥percentile, respectively. The length of the

box corresponds to the interquartile range (difference betwdtaritb2¥' percentile).
Untransformed values were used for data visualization purpbaeged brackets compare
neighboring boxplots (e.g., AY and BX), while square betslkcompare neneighboring

boxplots (e.g., AY and BYNS=nors i gni fi cant pO0®0®1* *6 i ndicates
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Figure 8

Reaction Time (ms) of Each Sequence Type Within the Cued Condition

Note Reaction time of AX (green), AY (red), BX (yellow), and BY (blue) sequences within the
With Cue condition of the computerized task, grouped by congruent and incongruent cueing. The
horizontal lines of the boxes correspond to the @&rcentile, 5 percentile (median), and %5
percentile, respectively. The length of the box corresponds to the interquartile range (difference
between 78 and 2% percentile) Untransformed values were used for data visualization
purposesCurved brackets compare neighlogrboxplots (e.g., AY and BX), while square

brackets compare nameighboring boxplots (e.g., AY and BWS = nonsignificant;6 * 6

indicategp 00.05;p< O * * * 6 pOONAL c at es








































































































































































