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ABSTRACT

Finemotor control and aging: A rolefor executive functionsin sequential tapping
per formance?

Sarah Fraser, Ph.D.
Concordia University, 2010

The primary objective of the current thesis wasxamine age differences in
sequential finger tapping with concurrent cognitiasks of varying levels of difficulty.
The first study was designed to determine the patimthich age equivalence would be
reached on the finger tapping task. Results ofysiuestablished age equivalence in
sequential tapping after one block of practice. $&eond study was designed to assess
age differences in sequential tapping when combméda low-load semantic judgment
task that had also shown age equivalence unddesiagk conditions. Despite age
equivalences in single-task performance, age @iffegs in fine motor performance
emerged when the sequential tapping task was paitadsemantic judgments. Older
adults had greater dual-task costs than youngdtsadiboth motor measures (accuracy
and reaction time). Neither age group incurred gogncosts. Study 3 was designed to
examine the boundary conditions of these resuitsgyuswithin-subjects manipulation of
cognitive load. The same sequential tapping taskpadred with a mental arithmetic task
that had two levels of difficulty. Age differencesmotor accuracy were evident in low-
load conditions and both age groups had motor agditive costs in the high load
condition. These results suggest that older adidssurces were already taxed in the
low-load condition whereas younger adults’ perfoncgonly faltered when load was
high. Taken together, these results demonstrateltéer adults require greater executive

control to tap sequentially than younger adultsesEhresults converge with existing



simple tapping and gross motor aging researchnmodetrating cognitive penetration of

motor task performance with age.
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Chapter 1
General Introduction

It is easy to identify instrumental activitiesadily living (e.g., driving and meal
preparation) as well as basic activities of dainnl (e.g., grooming and bathing) that
require adequate fine motor control to completedifnally, it is fairly common to
complete these and other tasks while attendingher anformation being presented
simultaneously. Consider the example of drivingewkriving the driver has to process
the motoric demands artkde visual and auditory information that is beprgsented. Age
differences in the ability to divide attention beem two tasks, has been the focus of
many years of research (for review: Kramer & Madd$08). Generally, older adults
perform more poorly than older adults when two $aste combined particularly when
executive control processes (i.e., shifting, updat& inhibition) are required
(Verhaeghen & Cerella, 2002). The dedifferentiatigpothesis of cognitive aging has
suggested that cognitive and sensorimotor functawasnore closely related in aging
(Lindenberger & Baltes, 1997); and therefore dwglattention may become more
difficult when cognitive and motor tasks are conaain

Due to the risk of falls, the majority of dual-tasgnitive-motor research has
focused on divided attention with gross motor tagk®ss motor research has
demonstrated the importance of executive contrdlatention in walking and postural
control (Woollacott & Shumway-Cook, 2002). Furthéijided attention situations that
entail a cognitive and a gross motor task have rgigelemonstrated age differences in

the ability to divide attention, with older aduttemonstrating greater performance costs



than younger adults when these two types of tasks@nbined (Li & Lindenberger,
2002; Woollacott & Shumway-Cook, 2002).

Despite the importance of learning and maintairfiing motor skills for the
functional status of an older adult (Fogel, HymRogk, & Wolf-Klein, 2000), less
research has been devoted to fine motor dividesh@in situations. Age differences in
fine motor control exist, with older adults demaashg greater variability, increased
slowing, and decreased accuracy in comparisonuager adults (Krampe, 2002; Smith,
Umberger, & Manning, 1999). Of the existing agimgl dine motor research, those that
divided attention or adopted a dual-task paradigtnifet, Tomporowski, & Beasman,
2006; Crossley & Hiscock, 1992; Kemper, Lian, & kan, 2003) tend to support age-
differences in fine motor performance when attentsodivided. Research involving
sequential tapping, simple tapping and walking (Kenet al., 2003) suggests that
sequential tapping may be more attentionally denmgnidr older in comparison to
younger adults. Since simple tapping research ingsosted age differences in fine motor
performances that increase with cognitive load $€ley & Hiscock, 1992), the goal of
the current investigation was to assess age difteiein sequential tapping performance
when performed concurrently with cognitive taskat thary in load.

The dedifferentiation hypothesis

The general observation of greater cognitive-mdtal-task costs in old age is
compatible with the dedifferentiation hypothesicognitive and sensorimotor aging
(Baltes & Lindenberger, 1997). By this view, cogretand sensorimotor abilities
“differentiate,” or become more distinct, from athbod to adolescence and then

“dedifferentiate,” or become more closely relatedyld age (Anstey, Hofer, & Luszcz,



2003). Anstey interpreted the hypothesis this w&assic dedifferentiation hypotheses
would predict that as people age, the boundarigdem discrete cognitive abilities blur
and the correlations among them increase” (Anstey. 2003, p. 482). Initial studies
testing the dedifferentiation hypothesis examinedetations between different cognitive
functions in old age (Balinsky, 1941), but resedrak advanced to include cross-domain
correlations (i.e., cognitive and sensorimotor;t8a& Lindenberger, 1997). These
correlational findings are largely supportive of ghedifferentiation view, with many
studies showing increased covariation between tiwgrand sensorimotor performance
with age (Anstey, Lord & Williams, 1997; Baltes &ndenberger, 1997; de Frias,
Lévdén, Lindenberger, & Nilsson, 2007; Germain &l€ie, 2008; Ghisletta & de
Ribaupierre, 2005; Li & Lindenberger, 2002; Lindendper & Baltes, 1994; cf. Anstey et
al., 2003). Experimental studies supporting thaifterentiation view show that
cognitive and motor processes are more interdepema¢hat paradigms that combine
cognitive and sensorimotor tasks tend to be motrenaiental to performance of older
adults than young (Li & Lindenberger, 2002). Thelfngs support the impact of
increased sensory load on the cognitive performahoéder adults (e.g., Schneider,
Daneman, & Pichora-Fuller, 2002) as well as theaotpf increased cognitive load on
sensory performance (e.g., Sekuler, Bennett, & Makn2000).
The dual-task paradigm: Combining cognitive andaontdsks

A large portion of the experimental evidence fodifferentiation of cognitive
and motor abilities utilizes the dual-task paradigmdual-task paradigms, participants
are asked to perform Tasks A and Task B simultasigotlihe cost of dividing attention

between two tasks is often measured by comparihigidual performance on each task



separately (i.e., accuracy and reaction time fakTaalone or Task B alone) versus
these same measures under divided attention conslifi.e., does it take longer to
respond and are there more errors when Task Arisrpeed at the same time as Task
B?). While it is not always the case (e.g., BraMéopllacott, & Shumway-Cook, 2001;
Hartley & Maquestiaux, 2007), typically older aduttave greater dual-task costs than
younger adults (Verhaeghen & Cerella, 2002).

The resource or capacity model (Kahneman, 19738jtehtion clarifies why
performance costs might be incurred when two tas&gperformed concurrently. In this
model, when the two tasks combined exceed theiohais’ available processing
capacity, then dual-task costs will emerge andg#réormance of one or both tasks will
suffer. This model, in combination with dedifferiaibn, helps explain why in general
there are age differences in the degree of dukle@sts. If cognitive and motor
functioning becomes more closely related in old age one function relies on the other,
then this would further constrain older adultsawses in a divided attention situation.
Walking dual-task research

In the motor control and aging literature, duaktgeoss motor (balance and
walking) research is more prevalent than dual-teskmotor research (e.qg., finger
tapping and reach and grasp), likely due to theontamce of fall-risk associated with
walking (see Woollacott & Shumway-Cook, 2002). @h¢he main goals of this body of
research is to understand the role of cognitigmaisture and balance. The Woollacott and
Shumway-Cook (2002) review of postural control aradking pointed to one
fundamental conclusion: walking and postural cdniquire attention to coordinate gait

and maintain postural stability. Current dual-tesgearch suggests that older adults may



need more cognitive control than younger adultggfoss motor tasks (e.g., Beauchet,
Kressig, Najafi, Aminian, Dubost et al., 2003; BrovwicKenzie, & Doan, 2005;
Faulkner, Redfern, Rosano, Landsittle, Studensél.e2005).

The difficulty level or the particular demandstioé motor and cognitive tasks can
modulate the degree of dual-task costs (Alexan&&rion-Miller, Giordani, Guire, &
Schultz, 2005; Li, Lindenberger, Freund, & Balte801; Lovdén, Schaefer, Pohimeyer,
& Lindenberger, 2008). Li et al. (2001) utilizedtasting-the-limits” approach, when
they paired two demanding tasks (i.e., walking amestacles and memorizing words
using the Method of Loci) and they found that Heatllder adults prioritized their
walking performance at a cost to their memory penénce. This exemplifies the
“posture-first” principle in aging, in which oldedults will tend to preserve their balance
and gait above all else (Woollacott & Shumway-Cdiii)2). Research by Faulkner et al.
(2005) supports this claim and further argues phgsically frail older adults will require
greater cognitive control than healthy older adultther posture control research has
suggested a dual process account for posturalaontaging, in which a low level of
cognitive load might improve balance by shiftingeation externally and high loads of
cognitive load may lead to cross-domain resourcepatition (Huxhold, Li, Schmiedek,
& Lindenberger, 2006, Lovdén et al., 2008).

Similar conclusions were drawn in research fromlahoratory that paired
treadmill walking with different cognitive taskst)(semantic judgments (Fraser, Li,
DeMont, & Penhune, 2007); (2) two difficulty levei§ mental arithmetic (Abbud, Li, &
DeMont, 2009; Li, Abbud, Penhune, & DeMont, 2008¢ross experiments, we

observed age equivalence in cognitive performandeage differences in motor



performance. In particular, younger adults were abladapt their gait in conditions of
increasing cognitive load but older adults were(hoet al., 2009). Older adults lacked
the cognitive flexibility observed in the youngeiudts, again leading to the conclusion
that walking requires greater cognitive controaging. The lack of adaptation on the
part of older adults in conditions of greater loggggests that their resources were
already maximally taxed. If cognitive and motor dtians are more closely related in old
age as is suggested by the dedifferentiation thatammanaging an increasing load would
be more difficult for older adults in comparisonymung.

Contemporary aging and gross motor control reselaas focused on executive
functions as the primary factor influencing agdetgnces in dual-task performance.
Hausdorff, Schweiger, Herman, Yogev-Seligman, aiadz(2008) examined the effect
of cognitive load on dual-task walking in a largergle of healthy older adults € 228).
All gait parameters demonstrated dual-task decré&neiith the tasks with the greatest
cognitive load resulting in the greatest decremeévitsst interestingly, they tested
executive function in their sample, and categoriadicipants into low and high
executive function groups. Older adults with loveeutive function scores demonstrated
greater gait variability than individuals with hgghscores. In a second study, comparing
the same older adults to younger adults, SryglasglMan, Herman, Giladi, and
Hausdorff (2009) found that executive function na¢ed dual-task decrements in
cognitive performance in older adults but not yaemgdults. The authors conclude that
for older adults executive processes play an ingpbrole in maintaining gait. In a
comprehensive review of executive function in gdigev-Seligman, Hausdorff, &

Giladi, 2008) the correlational and dual-task reseaeviewed supports the role of



attention and executive functions in gait and potota multifactorial model of gait in
aging where reciprocal influences between gaitadess and executive function variables
exist.

The current overview of dual-task walking resedrigihlights the importance of
attention and executive functions in gait. Acrdssse studies, with the exception of low-
load conditions, older adults seem to be affectethé division of attention to a greater
degree than younger adults. Based on this litexatuprimary question for this thesis was
whether the same age differences in attentionakaedutive processes would be
observed in dual-task fine motor performance?

Fine motor control, dual-task performance, and agin

Similar to walking research, fine motor contradearch has evidenced a decline
in fine motor control with age (Krampe, 2002; Snethal., 1999; Spirduso, Francis, &
MacRae, 2005). In addition, this decline appearadcease in patients with Alzheimer’s
disease and mild cognitive impairment (Yan, RountMassman, Smith Doody, & Li,
2008). A common paradigm to assess fine motor padace in aging is the serial
reaction time task (Nissen & Bullemer, 1987). Mspecifically, this task has been used
to assess age differences in sequence learnimguimger and older adults (Cherry &
Stadler 1995; Cohen, Ivry, & Keele, 1990; Curra®912; Daselaar, Rombouts, Veltman,
Raajmakers & Jonkers, 2003; Frensch & Miner 199%\wé&td & Howard, 1989, 1992;
Howard & Wiggs 1993; Willingham & Goedert-Eschmatf99). Typically, implicit
versions of the serial reaction time task havedgdlage equivalence in the learning
phase (e.g., Daselaar et al., 2003; Howard & HowE®89; 1992). When the serial

reaction time task has been used in a dual-tasidjgan, the goal has been to explore if a



secondary task will disrupt the acquisition of thetor sequence (French, Wenke, &
Runger, 1999; Jiménez & Vasquez, 2005; SchumacHgeck&varb, 2009; Shanks,
Rowland, & Ranger, 2005) rather than to test fa didferences in fine motor
performance.

In contrast to the acquisition studies noted abstegdy-state sequential finger
tapping has been used to examine age differenahsirtask performance. Kemper,
Herman, and Lian (2003) asked participants to reqgibatap a four-finger tap sequence
(1-3-2-4) while answering questions. This task e@®pared to simple tapping
(involving one finger) and walking. The authorsrothat the combination of sequential
tapping and speech produced the greatest ageediffes in comparison to simple tapping
and walking. Potentially the sequential natureheffine motor task may have increased
the cognitive control needed to perform the twdsaand ultimately resulted in the
greatest costs.

Similar age differences in fine motor performana¥avfound in simple one-
finger tapping research by Crossley and HiscocR®Z)19n their study, simple tapping
was paired with three cognitive tasks. The thregntive tasks each had two difficulty
levels (low and high cognitive loads). Across alatitask conditions the authors found
that older adults were more affected by the maatpan of cognitive load than young
adults. Age differences in proportional change esarere found only on the motor task,
but not the cognitive tasks. The authors also maaipd task emphasis to evaluate age
differences in the ability of younger and older l&lto allocate their attention to a given

task and they did not find any evidence for agéehces in attentional allocation. They

! Proportional change scores are the degree to vaeidhrmance in dual-task trials were altered iegato
single task trials.



concluded that neither a general slowing modelangpecific resource model would fit
their data and proposed instead that a “generakgsing resource” declined with aging
because differences were evident in dual-task mgppith three different cognitive tasks.
If executive control becomes more important in matantrol in old age, one possibility
is that the “general process” that Crossley anadtik (1992) alluded to might be
executive control.

In recent fine motor dual-task research by Albif@mporowski, and Beasman
(2006) the cognitive task was held constant anadlémeands of the motor task were
varied. For this study, the cognitive task wasdoegate a series of random numbers at a
fixed production rate and the motor task involvapiping alternatively on two targets that
varied in size systematically. While both age gsiupotor task performance declined
from single to dual-task conditions, only older ksiicognitive performance declined
with the increase in motor task demands (increaseattol needed for smaller targets).
Similar to Crossley and Hiscock (1992), the ressiltggest that when task demands in
either task increase (motor or cognitive) olderlaidperformance suffers to a greater
degree than younger adults.

Taken together, the limited number of fine-motoaleiask studies reviewed here
suggests that similar to dual-task walking, old#ules have greater performance
decrements when performing a cognitive and a fiméentask concurrently.

Additionally, it seems that increasing the cogmtor motor load of the component tasks
is more detrimental to older adults’ dual-task perfance than younger adults. However,
given the limited findings from previous researitte current studies were designed to

more carefully assess possible age differencesahtdsk fine-motor performance.



Further, we hoped to assess whether executiveifunsgplay a similar role in fine motor
control as they do in gross motor tasks. In dusl-tzait and posture studies, one of the
global interpretations of older adults relativehgater costs in motor performance is that
they favour maintaining balance. The ‘posturetfpsinciple may heighten the
importance of executive control in these tasks,smalld not be as influential during a
simple finger tapping task. In contrast, in theserd studies, we hypothesized that using
a more complex, sequential fine-motor task migptito similar executive control
mechanisms.

An important limitation of previous studies is thgtseline differences in
cognitive and motor performance existed betweemgeuand older adults. If the two
groups differ in single task performance, thes difficult to interpret the costs observed
under dual-task conditions. In the existing daaktfine-motor literature, it is rare that
studies are designed with age equivalence in stagleperformance prior to dual-task
testing. Combining two tasks that demonstrate fferénces at baseline makes for a
better assessment of dual-task costs. Therefergaal of Study 1 was to examine
learning of the fine-motor sequencing task to bedus dual-task experiments (Studies 2
and 3). We used a modified version of the seeattion-time task because it has been
shown that young and older adults can perform antyilwith practice. Study 1 examined
learning of the task over two days of practicedtedmine whether or not age
equivalence could be achieved and to determinerhoeh practice younger and older
adults required to perform at a similar level. Tésults of this study showed that

younger and older adults had equivalent tappingracy after one block of practice.
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Once age equivalence was established on the nasfor$tudies 2 and 3
combined this task with cognitive tasks at varyiexgls of difficulty that would place
increasingly greater demands on executive conffbk goal of these experiments was to
assess the impact of varying cognitive load on-tiast performance. We chose
cognitive tasks that had already demonstratedesitagk age equivalence, and had
already been used in previous dual-task walkingareh in our laboratory. These tasks
were the semantic judgment task (Fraser et al.72&0d mental arithmetic task (Abbud
et al., 2009; Li et al., 2009). Since studies exang age differences in dual-task costs
with fine motor tasks are limited, one of the figstals of Study 2 was to examine age
differences in sequential tapping while performangoncurrent low-load semantic task.
The goal of Study 3 was to extend the findingstodg 2, using a within-study
manipulation of cognitive load, to assess the ¢fbédifferent levels of load on
sequential tapping. To this end, a mental arithertesk with two levels of difficulty was
paired with the sequential tapping task. With sachanipulation of cognitive difficulty,
would sequential tapping reproduce dual-task resuthilar to simple tapping research
(Crossley & Hiscock, 1992) in which older adultsrevaffected to a greater degree than
younger adults? Alternatively, would the overalididbe greater in older adults due to the
sequential tapping? The results of Kemper et 8082 seem to suggest that sequential
tapping is more attentionally demanding than sint@pging and the simple fact that
there are four fingers in motion and not just omeid suggest that the motoric demands
of sequential tapping would be greater. Howevas, iinknown if this increase in motoric
demands would influence younger and older adufteréntly. Finally, since sequential

tapping is paired with cognitive tasks used in pres walking experiments (Fraser et al.,

11



2007; Abbud et al., 2009; and Li et al., 2009) ddigonal goal of Studies 2 and 3 was to
compare the dual-task results of walking and settpldapping to examine the
possibility that similar mechanisms (i.e., declimegxecutive functions) underlie age

differences in both gross motor and fine motor d¢ask combinations.
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Chapter 2

A Comparison of Motor Skill Learning and RetentiariYyounger and Older Adults
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ABSTRACT
A comparison of motor skill learning and retention in younger and older adults
The goal of the current study was to explore leay@nd short-term retention using a
modified serial reaction time task. The multi-fingequence task was designed to
present repeated and random sequences in a conpigeleaved fashion, giving
participants within block, variable practice, oe tiivo types of sequences. Eighteen
younger adults (Mage = 24 years) and 15 older adMage = 65 years) participated in
the experiment. Participants were asked to resparalpiano keyboard to a visual
stimulus that appeared in one of four squares erdmputer screen. They were not
informed that one of the sequences presented wepkht. Sequence-specific learning,
within-day and across-days, was inferred from défifiees in accuracy and reaction time
between repeated and random sequences. Age eaqu&alas observed in sequence-
specific learning and retention across days, agdesits that older adults may benefit

from variable practice.
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Introduction

Generally when compared to younger adults, oldaltsadre not as fast or as
accurate on fine motor tasks (Krampe, 2002; Spodesancis, & MacRae, 2005).
Despite these declines, research supports oldésaahility to learn fine motor skills
(Seidler, 2006; Ketcham & Stelmach, 2001) and hgdité factors such as practice,
expertise, type of presentation (implicit), tham gesitively influence an older adults’
ability to acquire a fine motor task (Krampe, 208pjrduso et al., 2005). In addition,
research on skill learning (e.g., Strickgold & Wek2005; Walker, Brakefield, Morgan,
Hobson & Strickgold, 2002; Walker & Strickgold, 20Chas clearly demonstrated that
young adults are capable of retaining and evenompg their performance after a delay
and with no additional practice. However, reseanchetention of a motor skill in older
adults is mixed (Smith, Walton, Loveland, Umberdémyscio, & Gash, 2005; cf.
Spencer, Gouw, & lvry, 2007). While gross mototeaash (Dick, Andel, Hseih, et al.,
2000) has demonstrated that healthy older adutte flenefits at retention when asked to
practice two motor tasks in a variable fashiors fimding has not been replicated in the
fine motor domain. Given the potential benefitvafiable practice, the current study had
the goal of examining the benefits of variable pcacwith a variant of the well-known
motor learning task: the serial reaction time t&RTT; Nissen & Bullemer, 1987).
Background

The serial reaction time (SRT) task (Nissen & Buléz, 1987) is a tool frequently
used to investigate motor sequence learning in geuand older adults (Cherry &
Stadler, 1995; Cohen, Ivry, & Keele, 1990; Currd®97; Daselaar, Rombouts, Veltman,

Raaijmakers, & Jonker, 2003; Frensch & Miner, 199dward & Howard, 1989; 1992;
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Howard & Wiggs, 1993; Willingham & Goedert-Eschmathf99). In the SRT,
participants make sequential key-press responsasetopresented in four spatial
locations. Unbeknownst to the participant, a rapgatequence of locations is presented,
and the response time to the associated stimuledse compared with that seen for
random stimuli. These experiments typically uséogked design in which a series of
blocks of the repeating (REP) sequence are folldwed block of the random (RAND)
sequence (i.e., REP-REP-REP-RAND-REP) to test segugpecific learning (in which
performance on REP faster than RAND).
Sequence Acquisition

In the aging literature, many researchers have dstrated age equivalence in
the within-day learning of the SRT (Daselaar et2003; Howard & Howard, 1989,
1992). In the Howard and Howard (1989, 1992) béoc#lesign SRT research, younger
and older adults’ demonstrated similar patternsegfuence specific learning on the SRT.
With a slightly different design, in which the RBRd RAND blocks were intermixed
during the test phase, Daselaar et al. (2003)aatell the behavioral age equivalence in
within-day learning and showed that younger aneémédlults activated a similar network
of brain areas during the acquisition of the seqaerOther SRT paradigms testing
learning of “higher-order” sequences have showndsgpeements (Bennett, Howard &
Howard, 2007; Howard & Howard, 1997; Howard, Howddénnis, & Yankovich,
2007).
Retention

In classic SRT studies (Howard & Howard, 1989; 1982 primary goal is to

examine learning within a single day, not testiegntion across days. Of the few studies
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that have examined both within-day learning andnibn in young adults (Strickgold &
Walker, 2005; Walker et al., 2002; Walker & Strickd, 2004; Walker, Strickgold,
Alsop, Gaab, & Schlaug, 2005), most report thatngpadults are able to retain a motor
sequence after a delay and that performance mayieygove. This improvement in
performance is termed consolidation and many rekees argue that it is sleep
dependent. In contrast, there is more debate wabkether older adults can benefit to the
same degree as younger adults and show retentmmeolidation on Day 2 (Smith et
al., 2005; Spencer et al., 2007).

In the single study of sleep-dependent consolidaiging the classic blocked
SRT, Spencer et al. (2007) reported age equivalenearning on Day 1, but only
younger adults demonstrated improvement after lat mfysleep. In contrast, older adults’
ability to retain a motor skill has been demonstlah other motor tasks (Dick, et al.,
2000; Smith et al., 2005). Smith et al. (2005) padicipants (aged 18-95 years) learn a
complex fine motor task and found that all age gsoiad preserved motor memories and
were able to retain the task even after two yd2ick et al. (2000) examined retention of
a gross motor skill, bean bag tossing, and fouatidlder adults’ retention over two days
was robust. Taken together, SRT research suggedises in consolidation abilities in
older adults, but research using other motor tasksfound preserved retention abilities.

A possible moderator of age differences in retenéibilities is the type of
practice that participants received. In the Spertat. (2007) study, participants learned
the sequence in the typical blocked design andidfigrences in consolidation were
found. In the Dick et al. (2000) study, the typepddctice during learning varied. In their

study, comparisons were made between constantarable practice conditions. In the
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constant condition participants practiced underh@malverhand tossing in a blocked
manner, one task at a time. In the variable camditunderhand and overhand trials were
intermixed within the test session. In healthy olaaults, retention was better after
variable practice than constant practice. Thesdteeare consistent with the contextual
interference literature, which posits that varigtactice may slow acquisition in the
learning process but that ultimately this typerafrting will produce better learning and
retention when compared to blocked practice (Ledaill, 1983, 1985Schmidt, 1988;
Shea & Morgan, 1979).

A few within-day studies from the SRT aging litena have intermixed sequence
types within blocks (i.e., 10 trials of REP, 1@lsiof RAND, 10 trials of REP...; Stadler,
1993; Curran, 1997). This is in contrast to thedpSRT paradigm in which several
blocks of the repeating sequence are presentedtpraoblock of random sequences (i.e.,
Howard & Howard, 1992). The intermixed design hlesddvantages of minimizing
explicit awareness of the repeating sequence, reditimig the potential confound of
fatigue and boredom that may occur towards theoéadesting session, and allowing for
the evaluation of sequence-specific learning thinowg the training process because each
block contains data on both the repeating and ranskguences. To our knowledge, no
aging study has examined retention, using SRT, wietrial types (repeating and
random) are intermixed within a block. One develeptal study (Meulemans, Van der
Linden, & Perruchet, 1998) which used the interrdik&l types within a block did not
find any age differences between younger adultscaiidren in the implicit sequence

learning or in retention of the SRT task afteradek delay.
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Given the preceding literature review, we aimeexamine within-day learning
and retention using a modified SRT task, the nfilger sequence task (MFST). In
contrast to the classic SRT blocked design, we heddsur design after Meulemans et al.
(1998) and presented the repeating and random iseggie an intermixed fashion within
each block. This type of variable practice produitedbest retention in healthy older
adults performing a gross motor task (Dick et2000) and therefore should facilitate
retention in older adults in a fine motor SRT taslkrther, younger adults and children
show no age differences in retention with an inteett SRT design (Meulemans et al.,
1998), but the question remains if this finding \ebextend to older adults.

In line with the classic SRT literature (e.g. Clyefr Stadler, 1995; Howard &
Howard, 1989; 1992) we expected that with the MR&&re would be sequence-specific
learning by the end of Day 1 in both age groups.rétntion, we predicted that the
variable practice presentation of REP and RAND wdatilitate retention in both age
groups and therefore there would be age equivalieneequence-specific learning across
days. Finally, on Day 2 with additional practices expected sequence-specific learning
to be maintained and improve across the finallilestks for both age groups. As in the
classic SRT literature, we predicted that perforoeaon REP sequences would continue
to improve with added practice but would remainharged on the RAND sequences.

Method
Participants

Eighteen younger (18-35 yeahd,= 24) and fifteen older (60-78 yeak8,= 65)

adults participated in this study. The younger edwkre recruited through

advertisements posted at local universities andradults were recruited from a pre-
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existing participant database. All participants eveght-handed, had normal or corrected
vision, had never suffered a stroke, and were seckéor medical conditions (i.e.,
Parkinson’s disease, severe arthritis) and meditaitihat would affect their movement.
Further, all participants had less than three yeainsusical experience, and were not
currently practicing a musical instrument. All paigants completed the Vocabulary and
Forward Digit Span subtests of the Wechsler Acutktlligence Scale 1l (1981) to obtain
a global measure of cognitive function and to assésrt-term memory. For both these
measures, participants were within a normal rangékeir age (Scaled scores:
Vocabulary Moiger = 12.93,SDoiger = 1.3;Myounger= 12.61,SDyounger= 2.0), Forward
Digit Span Moiger = 11.47,SDoiger= 3.5; Myounger= 10.06,SDyounger= 2.6). In addition,
given that there are often age differences in shegferns and that we were examining
short-term retention after a night of sleep, we alsked participants about the number of
hours they slept and the quality of their sleeprio each day of testing. For all sleep
measures, we used a modified Stanford Sleepineds Ftoddes, Zarcone, Smythe,
Phillips, & Dement, 1973), in which participantsoeded the time they went to bed and
the time they woke up and rated their quality slegither: very good, average, or bad.
There were no age differences in either sleep megssi> .10); most participants
reported very good or average sleep quality anavarnage of 7.5 hours of sleexl
procedures met Concordia University ethical gurtedi(sample consent form Appendix
A). Both younger and older adults were paid a simatlorarium for their participation.
Materials and Apparatus

Multi-Finger Sequence Task (MFST) and Stimthie MFST is a variant of the

SRT task used by Meulemans et al. (1998). In tksent study, participants learned to

20



reproduce 10-element sequences of key pressesMrfardio O, midi-compatible
electronic keyboard (44 x 21 cm), using four firgef their right hand (i.e., index,
middle, ring, and pinkie). All participants wereased approximately 46 cm from the
computer screen. The visual stimuli consisted 45acnf cartoon animal (i.e. “Rolly the
hamster”) appearing in one of four horizontallys®eted coloured 5 c¢nframes, which
remained in the center of the Dell 19-inch LCD saréor the entire duration of each
trial. For each stimulus presentation, participaasponded by pressing on the
corresponding key (1-2-3-or 4) with the appropriatger. The stimulus duration was
600 ms and the inter-stimulus interval was 1000Responses were recorded after
stimulus onset.

The REP sequence always had the same pattern{4+-2-31-2-4-3) and the
RAND sequences contained the same elements butrartemly ordered each time.
The REP and RAND sequences were designed to lspuaf difficulty. For instance, the
same key was never pressed twice in successiorathe transition between two fingers
(e.g., index to pinkie) never occurred twice comsigely, at least one transition between
the fingers occurred within each block, and thegdency of specific finger transitions
was counterbalanced across blocks.

One block of the MFST included 14 trials, of whieim trials were a Repeated
(REP) sequence and four trials were Random (RANQuences. The REP and RAND
blocks were quasi-randomly ordered, such that tiB Bnd RAND sequences alternated
unpredictably within each block (e.g., One blocREP-REP-RAND-REP-REP-REP-
RAND-REP-REP-RAND-REP-REP-RAND-REP). The blockddwaled similar rules of

presentation, such that they never started or emttbch RAND sequence and two

21



RAND sequences never appeared consecutively. Tvesea 1300 ms delay between
trials. In total, participants completed 5 blocigrials: 50 trials of the REP sequence
and 20 trials of the RAND sequence.
Procedure

Testing took place over two consecutive days. Emaghbegan with the
familiarization phase in which participants imiht&mple forward (1-2-3-4-1-2-3-4-1-2-
3-4) or backward (4-3-2-1-4-3-2-1-4-3-2-1) 12-eletngequences to familiarize them
with the keyboard and visual stimuli. Following fdiarization, the MFST practice
blocks were presented as a game in which partitspaere instructed to “catch the Rolly
the hamster” by pressing the key that corresponalé@d location. In order to minimize
anticipatory responses and maximize response synization, participants were
instructed to wait until the animal appeared inftaene before responding. During the
MFST practice blocks, breaks were encouraged teeptdatigue and optimize
performance. On Day 1, participants completed tiealulary and digit span subtests of
the WAIS and three blocks of MFST. On Day 2, pgraats completed two more blocks
of MFST, the remaining paper and pencil tests,ragdll and recognition tests. In the
Recognition test, participants were shown threaisgp sequences (two RAND foils and
the REP sequence) and were asked to identify tngesee they saw most frequently. In
the Recall test, participants were asked to regredlne REP sequence on the keyboard,
with no visual stimulus to guide them.
Statistical Analyses

Motor learning was assessed using two dependerdguresaof motor

performance: accuracy (percent correct) and reatitioe for correct responses (ms).
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The window for a correct response ranged from 18Mefore stimulus onset, to 300 ms
after the stimulus offset. Only the first key pedsvithin each window was scored.
Additional key presses made within each window veenented as extra key presses, but
were not scored. To analyze an equivalent numbRE® and RAND trials within each
block of practice, all four RAND trials were aveeaband compared with the average of
the first, fourth, seventh, and last REP trialeach block. We chose these four REP
trials because they appeared at the beginning,leiddd end of the block and therefore
would be more representative of learning acrosblkbek. To analyze the separate effects
within each day of practice and across the two déwgsdata were analyzed with several
repeated measures analyses of variance (ANOVAsrBaise-Geiser correction), with
Group as a between-subject factor and Sequencedng8lock as within-subject
factors. Separate analyses were conducted to esspesnce-specific learning within
Day 1, short-term retention from Day 1 to Day ] aequence-specific learning within
Day 2. First, we assessed age-differences and seenspecific learning across the first
three blocks of practice on Day 1 (Blocks 1, 2,)&Second, we assessed retention in the
same way as Meulemans et al. (1998) by comparim¢pst block of practice (Block 3)
on Day 1 and the first block of practice (Blockaf) Day 2. Finally, we re-assessed
sequence-specific learning on Day 2 by compariedaht two blocks of practice (Blocks
4 & 5). Significant main effects and interactioneres further analyzed using pairwise
comparisons, with Bonferroni adjustment for multipbmparisons. Additionally, in
order to compare the number of participants whoeotlly identified the REP sequence
on the Recognition test, a Chi-square analysisemgsoyed. For the Recall test only the

first ten responses were analyzed and a one-way\A\Was used to compare the mean
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percentage of correct key presses on the Recalbédseen the groups. The alpha level
was set at 0.05 for all statistical tests.
Results

The main goal of this study was to evaluate agkeemihces within and across
days, in sequence specific motor learning. For g groups, it was expected that there
would be sequence specific learning for the REReeces. However, we predicted that
the pattern of learning would be different in yoangnd older adults, such that older
adults might take longer to learn the REP sequeth@sthe younger adults. Analysis of
the accuracy data revealed a slight age differentsarning pattern, such that older
adults needed one day of learning to reach the sameacy level as younger adults.
Analysis of the reaction time data revealed thdephdults had similar learning patterns
to that of younger adults across and within dayserestingly, both younger and older
adults maintained improvements in performance erRBP sequence across days and
both groups demonstrated a distinct decline ingperdnce on RAND sequences on Day
2.

Day 1 (Blocks 1 - 3)

Accuracy.Figure 1 depicts the accuracy data across sequigme®, blocks, and age
groups. The analysis of accuracy scores reveatedia effect of groupk (1, 31) = 5.69,
p= .023,r]p2 = .16, such that younger adulk € 96%,SE= 1) were more accurate than
older adults¥ = 93%,SE= 1) on Day 1 overallThere was also a main effect of block,
F(1,31)=6.35p= .004,11|02 =.17. Pairwise comparisons confirmed that thesis &
significant difference in accuracp € .004) between Blocks M(= 93%,SE= 1) and 2

(M =96%,SE=.7) only. Further, there was a marginal effdemguence typd;
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Block

Fig. 1 Accuracy (percent correct) data for both ggmips across all five blocks. YA =
younger adult, OA = older adult, REP = repeatinguemce, RAND = random sequence.
Error bars are £1 standard error of the mean.
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(1,31)=3.76p= .062,np2 = .11, such that performance on the REP sequéheed5%,
SE=.7) was slightly more accurate than on the RAQuenced\ = 94%,SE=.9).
None of the interactions reached significaquseX.10).

Reaction timeFigure 2 illustrates mean reaction times per eege type, block,
and age group. For the measure of reaction tineeg thhas a sequence type by group
interactionF (1, 31) =5.24p = .029,np2 = .15. Paired-tests split by age group revealed
that across all blocks, performance on the REPesegusignificantly fasteM = 438 ms,
SE=12) than on RAND sequenced £ 456 msSE= 12) for younger adults. In
contrast, for older adults, there was only a maigyrsignificantly differencef = .08)
between REPM =521 msSE= 11) and RAND M = 537 msSE= 13) responses on
Block 1 but REP sequences were faster than RANBIbgks 2 Mgep= 496,SE= 14
VS. Mranp = 537,SE= 15) and 3Nlgrep= 491,SE= 14 vS Mranp = 533,SE= 12). In
addition, there was a significant main effect afisence typef (1, 31) = 62.66p < .001,
an = .67, where responses to the REP sequévice470 msSE= 9) were significantly
faster than to the RAND sequencht£ 496 msSE= 9). This main effect was further
gualified by a sequence type by block interacttol, 31) = 4.11p = .021,np2 =.12,
such that for the REP sequence type only, respars8$ocks 2 1 = 465 msSE= 9)
and 3 M = 459 msSE= 10) were significantly faster than on BlockM € 487 msSE=
10). There were no significant differences acrbssiocks for the RAND sequence type
(ps > .61). As expected, there was a main effectadgF (1, 31) =17.32p < .OOl,np2
= .36, where younger adultsl(= 447 msSE= 12) were significantly faster to respond

than older adultsM = 519 msSE= 13) overall.
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Fig. 2 Reaction time data for both age groups acatiive blocks. YA = younger adult,
OA = older adult, REP = repeating sequence, RANArrlom sequence. Error bars are
+1 standard error of the mean
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Retention (Blocks 3 - 4)

Accuracy.Analysis of changes in accuracy from Day 1 to Ragvealed a
marginally significant block by group interactidn(1, 31) = 4.38p = .045,np2 =.12,
such that older adults demonstrated significprt (002) gains in accuracy from Block 3
(M =93%,SE=1.2) to Block 4 = 96%,SE=.9) and younger adults did not show
significant gainsi§ = .61; Block 3;M = 96%,SE= 1.1, and Block 4M = 97%,SE= .8).
Further, there was a significant main effect ofchld- (1, 31) = 7.81p = .009,11,,2 = .20,
in which performance on Block 4 was more accurte 96%,SE= .6) than on Block 3
(M = 95%,SE= .8).

Reaction timeThere was a main effect of blodk,(1, 31) = 13.75p = .OOl,np2 =
.31, such that overall, responses on Block 4 wigrefecantly faster M = 456 msSE=
9) than on Block 3Nl = 476 msSE= 9). There was a main effect of sequence tifg@,
31) = 55.80p <.001m = .64, in that all participants responded morekjyion the REP
sequenceM = 450 msSE= 9) than on RAND sequenced € 483 msSE= 8). In
addition, there was a main effect of grokp(1, 31) = 22.18p < .OOl,np2 = .42, where
younger adultsMl = 426 msSE= 12) were significantly faster than older ad(Ns=
506 ms,SE= 13). None of the interactions were significaltith the goal of minimizing
re-learning effects that may occur after the cotnmbeof an entire block, the test of
retention was also conducted at the trial levelina with the block analysis, the first
trial of Block 4 (for both REP and RAND trials) wéester than the last trial on Block 3
(ps < .02).

Day 2 (Blocks 4 - 5)
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Accuracy.On Day 2 there was a significant sequence typaduk interactionf
(1,31)=8.39p= .007,np2 = .21, such thadccuracy decreased significantty< .001)
from Block 4 M= 96%,SE= .8) to 5 M = 94%,SE= 1.1) for the RAND sequences
only. There were no significant differenc@s<.45) for REP Block 4M = 97%,SE=.7)
and 5 M = 98%,SE=.7).In addition, there was also a main effect of seqadype F
(1,31)=10.78p = .003,1],,2 = .26, such that overall, responses to the REReseg were
more accurateM = 97%,SE= .6) than to the RAND sequencés £ 95%,SE= .8).

Reaction timeThere was a sequence type by block interackda, 31) = 12.87,
p= .OOl,np2 = .29, such that for the RAND sequence type dBlgck 5 responsedV =
485 ms,SE= 8) were significantly slower than Block 4 respesa 1 = 472 msSE= 10)
and the REP sequences did not differ significaftly .27) from Block 4 1 = 440 ms,
SE=9) to Block 5 = 432 msSE= 11). There was also a main effect of sequence
type,F (1, 31) = 93.54p < .OOl,np2 = .75, in that responses to the REP seque¥ice (
436 ms,SE= 10) were faster than to the RAND sequentés @79 msSE=9). In line
with the Day 1 findings, there was a main effectjiafup,F (1, 31) = 22.46p < .OOl,np2
= .42, where younger adultsl (= 415 msSE= 12) were significantly faster than older
adults M = 500 msSE= 13) overall.

Recognition and Recall

When asked to choose out of three possible segager2 % of the younger and
53% of the older sample chose the correct sequé@hesyounger group was marginally
better at identifying the correct sequens&2, N = 18) = 3.56p <.059. To rule-out
recognition as a factor influencing our results,@WAs with recognition (recognized

sequence, did not recognize sequence), age (yoandeaslder), and sequence type (REP
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and RAND) were conducted on the accuracy and @attne (RT) measures. The main
effect of recognition, was non-significant for b@bcuracy = .25) and RT{=.26). In
addition, the interaction between recognition, agel sequence type was non-significant
for both accuracyp(= .09) and RT = .22). The lack of interaction between recognitio
group and age suggests that the degree of exgheiteness was not a factor influencing
the reported results.

When asked to reproduce the REP sequence on thedmslywithout visual
stimuli, analysis of the first ten taps revealeat thone of the participants were able to
recall all ten taps of the sequence. Younger adiaiised 35% of the sequence correctly
and older adults tapped 39% of the sequence chyra@ttiverage. A-test comparing
younger and older adults on percentage of tapecityridentified was non-significanp (
= .66). Closer analysis of the ten elements redetllat only the first three taps of the
sequence were identified at an above chance lalselgé 50% correct).

Discussion

The goal of the current research was to examinemigay and across day
sequence-specific learning in younger and oldeltade predicted that within Day 1
and Day 2 both age groups would show sequencefgpgeerning improvements with
extended practice. For retention (from Day 1 to Rpydue to the variable practice
presentation, we expected age equivalence in segtgrecific improvements. For
within day learning (Day 1 & 2) and retention, ygen and older adults demonstrated a
similar pattern of results. By the end of Day Iréheas sequence-specific learning in
both age groups. However, in terms of reaction tineasures, older adults needed an

additional block of practice to demonstrate the saesguence specific improvements as
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younger adults. For retention, the REP sequencesined faster than the RAND from
Block 3 to 4, but the lack of a significant block equence type interaction suggests that
sequence-specific learning was maintained but didmprove across days. On Day 2,
performance on the REP sequence was stable aratrparfce on the RAND sequences
significantly declined in both age groups. In gahegihe age equivalence in acquisition,
on Day 1, is consistent with the existing SRT atere (Howard & Howard, 1992,
Cherry & Stadler, 1995; Curran, 1997). However,fthdings of age equivalence in
retention across days and after extended practitieif Day 2); differ from other aging
SRT findings (Spencer et al., 2007; Howard, Howaagiske, Yanni, Thompson et al.,
2004). The pattern of age equivalence in performavithin and across days broadens
gross motor research findings (Dick et al., 20003bmonstrating that healthy older
adults can benefit from variable practice, and aldends existing SRT aging literature
by demonstrating that older adults can show sequspecific-learning in a variable
practice design.
Age Equivalence in Sequence Acquisition

Our Day 1 results of age equivalence are typicaladsic SRT studies (e.g.
Howard & Howard, 1992: Cherry and Stadler, 1995) ather fine motor sequence
learning research (Seidler, 2006). Accuracy way liggh on both sequences (greater
than 90%), and both groups were equally accuratbdend of Day 1. That both age
groups demonstrated marginally higher accuracyescimr REP versus RAND sequences
supports our expectation of similar amounts of sega-specific learning across age
groups. In terms of reaction time, older adultsdeglemore repetitions than younger

adults to show sequence-specific learning. FrontiBlbto Block 2, older adults made
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significant gains in speed on the REP sequencesmparison to the RAND, whereas
younger adults demonstrated these sequence-spditifiences across all blocks of Day
1.

The age-differences reaction time for the firstcklof practice differ from the
findings reported by Howard et al. (1992), in whydung and older adults learned
similarly across blocks (see also Seidler, 20G&ould be the case that our findings
differ from those of Seidler (2006) and Howard le(#92) simply because the older
participants found this variant of the SRT taskbglty more difficult than the younger
participants. However, the high levels of accurdmat we observed argue against this.
Rather, the slowed acquisition in older adultsamparison to young during the first
block implies that initially variable practice hachegative impact on older adults.
Adapting to learning with the switching between Rl RAND sequences may have
taken slightly longer for the older adults, buttbg second block they have adapted and
are showing equivalent gains to the younger adults.

The negative impact, specific to older adults haf interference generated by
switching between trial types in the variable pictegime, may help explain why
deficits in within day learning have been observedlternating SRTT (ASRTT) tasks
that require learning of higher-order sequences, (Howard et al., 2004). In these tasks,
a repeated higher order sequence is embeddecenea sf random key-presses (e.g.,
14332314312; where 1-3-2 is the repeated sequence). Considetegght of variable
practice between two sequences, these sequencesaeia very high level of

interference between the two sequences types, wnaghimpair within-day learning in
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older adults to a greater degree than the varfaialetice design, or more standard
blocked SRT designs.

One benefit of the variable practice design is thallows for the early detection
(within the first block) of age-differences in semqae-specific learning. Indeed, one of
the goals of the Howard et al. (1992) experimerds to examine if fewer repetitions
would produce age-differences in sequence-spdedining. In Experiment 2 (Howard
et al., 1992), they compared participants thahlearthe repeating pattern to those who
learned random sequences and they noted thatwlasran indication of an age-
difference in the first block (where younger adulese faster than older) but it did not
reach statistical significance.

Age Equivalence in Retention

The finding of age equivalence in motor skill ré¢ten across days appears to
conflict with previous studies showing age-reladedlines in SRT consolidation
(Spencer et al., 2007). In the current study, lagih groups maintained their accuracy
and reaction time across sequence types and dagdadk of interaction between
sequence type and block suggests that generaltas¢ask performance (i.e., one-to-
one stimulus-response mappings) improved for bgéhgroups and sequence types. The
overnight delay may have had a role in general mskill improvements across days but
it did not seem to facilitate sequence-specificiliesy. This finding parallels recent
ASRTT research with younger adults by Song, Howand, Howard (2007), in which
they found no improvement in sequence-specifimiegrafter a night of sleep, but they
did find that participants maintained performanceetained the sequence from one day

to the next. The finding is also consistent withuléenans et al.’s (1998) study in which
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children showed improved performance after a onekvaelay, and these improvements
were not sequence-specific.

In contrast to our results, Spencer et al. (208@prted distinct sequence-specific
learning improvements, or consolidation, afterghtof sleep in their younger sample
and no such gains in their older sample. While roddiilts showed no gains in
performance, consistent with our results, they sftbno significant losses, and thus were
able to retain the sequences. While this studyaded a SRTT, there were important
procedural differences that could account for tiverdgent findings, particularly the type
of practice and the differences in the ratio of HAN REP sequences. Our RAND to
REP ratio for Day 1 was 40% while Spencer et &as 22%. This means that we had a
more even distribution of sequence types duringtim@ Indeed, secondary analyses of
the reaction time data revealed that each REP sequbat occurred after a RAND
sequence was slower than the REP sequence thatexttefore the RAND sequenge (
<.001) across all the blocks. This analysis suggas even distribution of the amount of
interference that occurs when a RAND sequencdnsdaced. In contrast, Spencer et al.
(2007) presented a series of REP blocks and thdedetheir first day of practice with
three test blocks, REP-RAND-REP. In this desighblaicks of RAND occur at the end
of training, likely generating maximum interfererfoe consolidation of REP. Thus, in
the Spencer study interference at the end of Dagyl have blocked improvements in
older adults. In contrast, in our study, the ifgence between trial types may have
slowed acquisition in the first block, but may hdaeilitated retention and contributed to
the age-equivalence in our sample. Interestingéydid not observe improvement in

performance on the first block of practice on Dagr2either the younger or older
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groups. This suggests that consolidation defirsegicaoss day improvements in
performance may be a phenomenon related only taicgractice regimes.
Age Equivalence in Sequence Representation Aften&ed Practice

Divergence between REP and RAND sequence typesleady established on
Day 2. Performance was maintained in the REP segsdnom Block 4 to 5, but RAND
performance dropped significantly across blockisath age groups, such that in Block 5
REP sequences were faster and more accurate thidid RAcause RAND performance
had deteriorated. A similar pattern was reportetth tie ASRTT (Howard et al., 2004).
Participants made errors consistent with the patesequence when performing the
random sequence suggesting that strengthenin@pinesentation of the REP sequence
leads to interference during performance of RANBusaces. Although the number of
trials presented per block and the particular desigour sequence types does not allow
for the fine structure analysis conducted by (Haletral., 2004), a future study with
strategically designed sequence types and additioals may allow us to explore the
interference of the REP sequence on the RAND.
The Variable Practice Design

In terms of the implicit learning literature usitie SRT paradigm, the
participants in the current study were never thht there was a repeating sequence and
yet they were able to use the regularities in ds& presented to them to improve their
performance on the repeating sequence. The Forgettid Reconstructing Hypothesis
(FRH; Lee & Magill, 1983, 1985) from the contextuaterference literature (Dick et al.,
2000) offers a possible framework of mechanismsuhderlie the implicit learning that

occurred in this variable practice context. In EH, superior performance is

35



hypothesized to be due to “forgetting” and “recomsting” processes. Each time there is
alternation between the tasks one needs to forgetask and reconstruct the other. In the
current study, participants had to forget and retroict the REP sequence each time a
random sequence was presented. Initially, the tongeand reconstructing of the REP
sequence slowed acquisition in older adults bet afihe block of practice this inequity
disappeared as both groups improved their sequarasfic learning with additional
practice.

In addition, the concept of alternation echoes wwrlaging and task switching in
which it has been shown that practice on task-swite(Kramer, Hahn, & Gopher, 1999)
reduces performance costs in older adults to th@ puat there is age equivalence in
task-switching abilities. Further, practice on tasktching abilities promotes skill
retention in younger and older adults (Kramer gt1899). It is possible that the early
age-differences in sequence-specific learning aesat of the older adults needing more
repetitions than the younger adults to truly berfedim the variable practice regime.
However, consistent with the task-switching literat after one block of practice
alternating between the two sequence types, yond@kler adults show similar patterns
of learning within and across days.

Taken together, the contextual interference litemtind the task switching
literature seem to suggest that the current vaahtite SRT task (the MFST) with a
variable practice design seems to foster flexipildne sequence does keep reoccurring
but in the context of sequences that are complesaelgom. It may be the case that this

also fosters more explicit awareness of the patesequence, but the lack of
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interactions with recognition and age in the curstndy, suggest that alternating
regularly between sequence types may be equallfioceat to younger and older adults.
If it is the case that variable practice can leathtproved retention and age-
equivalence in sequence-specific learning acrogs ithaan aging population, then
perhaps the slowed acquisition early on in pragg@small price to pay for eventual
age-equivalence in sequence-specific learning etahtion. The current findings of age-
equivalence using a variable practice design raf@gexisting developmental research
(Meulemans et al., 1998) and extends existing figslinto the aging domain. In
addition, the variable practice design has the @i of enabling the assessment of
sequence-specific learning much earlier than isipteswith a blocked design. As such,
this type of design may prove to be an alternatg twa@xamine sequence-specific
learning in an aging population. Future studiedddirectly test if the variable practice
design is a more beneficial practice regime foepldults in comparison to other design

types.
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Chapter 3

The Impact of Concurrent Cognitive Load on Seqatapping in Healthy Aging
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ABSTRACT
Theimpact of concurrent cognitive load on sequential tapping in healthy aging
The purpose of the current study was to assesafthence of cognitive load on
sequential tapping performances in healthy agirayunger and older adults performed a
sequential tapping task separately and concurreithya semantic judgment task
(Experiment 1) and a mental arithmetic task (Expernit 2). Experiment 1 established
that under low cognitive load older adults werendpand less accurate in sequential
tapping than younger adults. Load was manipulatdekperiment 2, and across mental
arithmetic difficulty levels, older adults were $egccurate in sequential tapping and
mental arithmetic than younger adults. At the hgjlafficulty level both groups suffered
performance costs. Findings suggest that declmegecutive function may underlie age

differences in sequential tapping with cognitivado
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Introduction

Normal aging produces declines in both motor (Katcl& Stelmach, 2001;
Krampe, 2002) and cognitive functions (Kramer & Mad, 2008, Verhaeghen &
Cerella, 2002). In addition, motor and cognitivadtions appear to become more
strongly coupled, or dedifferentiated, with agiBalfes & Lindenberger, 1997; Li &
Lindenberger, 2002). A common paradigm used to@grphotor-cognitive coupling is
the dual-task paradigm. This paradigm involvesagsessment of motor and cognitive
performance separately (single-task) and concuyréhtal-task), with condition
differences in performance indicating dual-taskt.cé#hile this paradigm has been used
extensively to investigate age differences in core cognitive and gross motor (gait,
posture) performance (for review: Woollacott & Shway-Cook, 2002), fewer studies
have explored age differences in concurrent cognaind fine motor (finger tapping,
reaching, and grasping) performance (Albinet, Toropski, & Beasman, 2006;
Crossley & Hiscock, 1992; Kemper, Herman & LianQ2) Therefore, the primary goal
of the present study was to assess age differemcieml-task performance for a fine
motor task.

In both gross and fine motor dual-task researclerséfactors have been
suggested to account for age differences in dsklpparformance (Woollacott &
Shumway-Cook, 2002; Krampe, 2002). Some of theofadhat have been implicated
include: a general slowing, declines in executivection, type of tasks combined, and
physiological arousal. In the case of executivecfiom, it is well documented that
executive control processes may be invoked duriatpntasks when adaptive on-line

control is needed (Ble, Volpato, Zuliani, Guralndandinelli, et al., 2005; Krampe,
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2002; Woollacott & Shumway-Cook, 2002; Yogev-SelamHausdorff, & Giladi,

2008). Kahneman (1973) maintained that all indisidthave a limited capacity to
process information and that they should be abfgdoess two tasks at once as long as
the two tasks do not exceed the individual’s limhibapacity or processing resources. If
the tasks demands exceed an individual’'s capahbiy, performance on one or both tasks
can deteriorate (Kahneman, 1973). Given what issknabout declines in executive and
motor processes, as well as the dedifferentiatidhese processes, it is not surprising
that age differences are predicted in cognitiveendtial tasks.

Despite this prediction, a growing number of watkand postural control studies
have found that results vary depending on the tagksined and the cognitive load of
the component tasks (i.e., Li, Lindenberger, FreénBaltes, 2001; Huxhold, Li,
Schmiedek, & Lindenberger, 2006; Lovdén, Schaéfehlmeyer, & Lindenberger,
2008). For example, in a study of mildly challerggaual-task treadmill walking,
younger and older adults showed cognitive dual-fasiitation and motor dual-task
costs which were more pronounced in older adulias@t, Li, DeMont & Penhune,
2007). In a more challenging follow-up experimetane cognitive load was
manipulated, both age groups incurred costs in 8othains and were negatively
affected by the increase of cognitive difficultgtdrestingly, only younger adults were
able to adjust their stride length to accommodagarcrease in cognitive demands
(Abbud, Li, & DeMont, 2009; Li, Abbud, DeMont, 2009 he changing pattern of dual-
task costs across experiments suggests that theeatfadasks and the cognitive load of
the tasks chosen can have a large impact on thkingspattern of performance. An

added dimension of walking dual-task researchasttential influence of postural
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threat (Brown, Shumway-Cook, & Woollacott, 199%h&s been argued that older adults
might adopt a “posture-first” principle, prioritizy walking and balance above all other
tasks in order to avoid a fall (Woollacott & Shunya@ook, 2002).

The potential confound of postural threat influergcage differences in dual-task
performances is removed in fine motor dual-taskassh. In line with the walking
literature, there are declines in fine motor cantvith age (Haaland, Harrington, &
Grice, 1993; Krampe, 2002; Smith, Umberger, Mann@igvin, Wekstein et al., 1999).
In addition, motor measures (particularly fine aodhplex motor measures) have been
shown to be as accurate as standard cognitive mesaisudelineating cognitively normal
vs. cognitively impaired older adults (mild cogaéiimpairment and mild Alzheimer’s
disease; Kluger, Gianutsos, Golomb, Ferris, Geagal. 1997). This close relationship
between cognitive tasks and fine motor tasks in@bas been explored with the dual-
task paradigm (Crossley and Hiscock, 1992). Usingtlain-study manipulation of
cognitive load, Crossley and Hiscock (1992) comgpa@ung, middle-aged and older
adults on their performance of a simple tapping t@ish a concurrent cognitive load. At
the highest level of cognitive difficulty there veemo age differences in cognitive
performance, but older adults had larger decremearsisnple tapping rates in
comparison to younger and middle aged adults. Simple tapping study demonstrates
age differences in fine motor dual-task performatheg increase with cognitive load.
Would the same be true in the dual-task performématinvolves a fine motor
sequence? Or would the increased complexity ofesgeal tapping increase the overall
cognitive load and increase age differences? Quuy shat directly contrasted simple

and sequential tapping with a cognitive load (shg®oduction) found age group
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differences in dual-task costs only for sequen@ipbing (Kemper, Herman, and Lian,
2003). This finding suggests that sequential tagpplaces an added load on older adults
in comparison to simple tapping.

The few published studies on aging and dual-tasfnotor performance suggest
that increasing the complexity of the motor taskme detrimental to older adults than
young. However, the literature does not indicage similar pattern will emerge when
cognitive complexity is varied. The current studgsaesigned to address this gap in the
literature. Our approach was to first assess wipatd#ferences would emerge when a
cognitive task with low load (semantic judgmentg)svpaired with sequential tapping
(Expt. 1). We subsequently repeated the experinmgng a within-subjects manipulation
of cognitive load (Expt. 2) to explore possible bdary conditions for our results. We
began with the prediction that age differencesnuential tapping would emerge during
dual-task performances but cognitive performancaelavaot differ between the groups.

Experiment 1
Method
Participants

Twenty younger adults (20-31 years) and 21 oldattad60-75 years)
participated in the experiment. Younger adults wecguited through Concordia’s
participant pool and the older adults were recduitem a pre-existing participant
database. Younger adults received class credithéarparticipation, and older adults
received a small honorarium. All participants weght-handed, fluent in English, had
normal or corrected vision, had never suffered@kst and were screened for medical

conditions (i.e., Parkinson’s disease, severeitaghand medications that would affect
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their movement. Individuals who reported hearirffjailties or who wore a hearing aid
were excluded. The Forward Digit Span and the [Bginhbol Substitution Test of
Wechsler Adult Intelligence Scale Il (WAIS; 19848k well as the Trail Making Test (A
& B; Spreen & Straus, 1998), were administeredsseas short-term memory, processing
speed, and task switching, respectively. All pgrtiats were within a normal range for
their age on these tests. Descriptive statisticedch group are presented in Table 1. All
procedures were approved by the Concordia UniyekrBiitman Research Ethics
Committee (sample consent form Appendix B).
Materials

Fine Motor TaskThe fine motor task was a modified version ofrtindti-finger
sequence task (MFST) used in Fraser, Li and Penf20®9). The MFST is a serial
reaction time task, in which a visual stimulus prégsd in one of four squares on a
computer screen and participants tap in responeetstimulus with the four fingers of
their right hand on four keys of a piano-like kegdh The visual stimuli were presented
repetitively in fixed ten tap sequence (4-1-3-4-2-3-4-3) or in random ten tap
sequences. For the purposes of the current duakigeeriment, only the repeating
sequence type was used. For each tap in the regeaguence, the inter-tap interval was
set at 1000 milliseconds (ms), in which the stirsuidtayed on the screen for 600 ms and
disappeared for 400 ms. Therefore the durationmbtor trial was ten seconds. In the
previous experiment (Fraser et al., 2009) age adgimee in the performance of the
sequence was achieved after ten presentationg gktiiuence, therefore for the current

experiment 14 trials were presented during pratticansure age-equivalence prior to the
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Table 1. Descriptive Statistics of the Samples.

Experiment 1 Experiment 2

Younger Older Younger Older
Age 23.10 (3.16) 67.67 (4.33) 21.10 (2.15) 70.39)
Years of Education 15.95 (2.09) 14.81 (4.18) 141089) 15.11 (3.26)
Digit Symbol 88.60 (13.82)* 73.85(18.23)*  69.9®(10)* 56.42 (14.19)*
Trails B-A 24.42 (12.68)*  59.81(32.92)*  27.50 (8%)*  46.47 (30.75)*
Digits Forward 7.35 (1.04)* 6.48 (1.08)* 7.15(1)09  6.68 (1.11)
ERVT - - 7.93 (4.46)* 13.03 (4.94)*
WAIS math-raw - - 13.30 (2.92) 13.95 (2.90)
WAIS math-scaled - - 10.35 (2.08) 10.63 (2.81)

Note: Mean values and standard deviations (in bracketsented. p <.05 for age
group comparisons. ERVT = Extended range vocabtéstyand WAIS math subtest

were administered in Experiment 2.
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test phase. Thirty trials were presented in eachefour test runs. For both the practice
and test sessions, participants completed halfeofotor trials in isolation (single task
block) and half with the semantic task (dual-takick). An example of each trial type
(single motor, single cognitive, dual task) is r@ed in Figure 1. The visual stimulus in
the sequence consisted of a 4.5~@artoon animal (i.e., “Rolly the Hamster”) thatsva
programmed in C-Sharp and shown on a 19-inch @skip monitor. Each stimulus
was displayed in one of four horizontally presertetbured 5 crhframes that stayed on
the screen for the total duration of each triale plarticipants responded to the stimuli on
an M-Audio O2 Midi Controller piano keyboard. Panpiants were instructed to ‘catch
the animal’ by placing the four fingers of theighit hand (i.e., index, middle, ring, and
pinkie) on four marked keys, and the keyboard r@edithe accuracy and reaction time
of each key press.

Cognitive task: Semantic Judgmeriisr this task, participants were auditorially
presented with word stimuli at random time intesvahd they were asked to judge if the
word they heard was living (e.g., mother) or nairly (e.g., chair). Word stimuli used in
the current experiment were the same as thosenteelsm Fraser et al. (2007). The trial
time structure mimicked the motor trials, such #eth trial lasted 10 seconds (see
Figure 1). Further, all participants had a pracsiession in which they judged 30 words
and four test sessions that contained 60 words ¢tathof the words were presented in
isolation (single task block) and half were presdnwith the fine motor task (dual-task
block). Each list included an equal number of lgvand non-living words to judge. The

digitized words consisted of two-syllable high-fueqcy distinct nouns (written
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Figure 1 Graphic of the trials: single motor, single cdiya and dual task. Dashed lines
represent taps. Numbers under the dashed linesseayirthe key the participant had to
tap. The fingers that corresponded to the keys welex = 1; middle = 2; ring = 3; and
pinkie = 4. The solid line represents the time fieach trial (10 seconds). Arrows
represent word stimuli presented (i.e., mothecttra hammer).

Note.Word stimuli were presented auditorally at randotarvals during the trial and a

trial could contain one, two, or three words.
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frequency > 1 word per million: Kugera & Franci®6¥) and were spoken in a female
voice. To minimize the predictability of the pretsion of the words; a trial could
contain one, two or three words. The minimum ist@mulus interval (I1SI) for each word
presentation was 1500 ms and the maximum was 780@malgorithm programmed
with Matlab software (The MathWorks, In@oduced ISIs that would result an equal
distribution of the words across each ten secaat(gqual numbers of words presented
at the beginning, middle, or end of the trial). Wnards presented in the practice lists
were not re-used in the test lists. All test wongse presented twice with a minimum
separation of two lists. The word stimuli were ramdly ordered within each list and
presented with customized software, C-Sharp, thr@Bell Inspiron 1300 laptop.
Participants heard the words through a Plantrgidesta Cruz, CA) DSP-300 headset
that also recorded vocal reaction times. Speedabgretion software (Microsoft Speech
API) identified participants’ responses (“Yes” faring words or “No” for non-living
words) and they were subsequently scored as car@atorrect with Matlab software.
Procedure

The testing took place in the Adult Development Agthg lab at Concordia
University. After informed consent, all participantnderwent a task familiarization
session. For the motor task, participants imitatatple forward (1-2-3-4-1-2-3-4-1-2-3-
4) or backward (4-3-2-1-4-3-2-1-4-3-2-1) 12-elemsgquences to familiarize them with
the keyboard and visual stimuli. For the semaatsi t participants performed the word
repetition baseline where they had to repeat thidyds that were presented auditorally.
To ensure adequate hearing for the test phase&;iparits needed to score 90% or more

on the word repetition baseline. All participantstrthis criterion.
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Participants then had practice in each of the itiong: single task (semantic),
single task (motor) and dual task (semantic andbmothey completed seven trials per
condition. Once they practiced the tasks, they deta@ four counterbalanced test runs
of single motor, single semantic and dual task.d&mh test run there were 15 trials per
condition. For both the practice and test sessioadicipants completed half of the
motor trials in isolation (single task block) amalftwith the semantic task (dual-task
block). For both the practice and test runs pgudicts were instructed that both tasks
were equally important and that they should tryetspond quickly and accurately. After
the test session, participants completed the Bigmbol, the Trail Making tests, the
Digits Forward test, the questions on emphasis aatheimographics questionnaire.
Participants were debriefed and received coursitqs@unger) or an honorarium
(older) for their time. The entire session lastpdraximately 90 minutes.

Statistical Analyses

Four dependent variables were calculated: accumadyeaction time (RT) for the
cognitive task and accuracy and RT for the motsk.tdhe mean correct RT (ms) for
each trial type was calculated for each particip@he time window for valid motor
responses had a 1000 ms duration which startednsQfrior to the presentation of each
stimulus, to allow for anticipated responses. Rervocal RT data, responses were
excluded if they were +/- thre&&D from an individual’s overall mean RT. Only a small
proportion of the responses were considered ositfsiger = .02, SE=.001;Myounger=
.01,SE=.001). For the cognitive accuracy, motor accyraad motor RT, the data were

checked for outliers based on the group mean. Mb sutliers were found.
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Dual-task costs were calculated for each of the flependent variables. In the
case of RT, dual-task RTs were subtracted fromesitagk RTs for each individual. For
accuracy, single task accuracy was subtracted dahrtask accuracy on an individual
basis. The resulting difference scores represemtdoal-task cost (DTC) scores: DTC
motor accuracy, DTC motor reaction time, DTC sengaatcuracy, DTC semantic
reaction time. For each variable, planned contrasts.05) were conducted to assess age
differences in dual-task costs. All posthoc anayssed a Bonferroni correctperalue
(p=.025).

Results and Discussion

Mean values for single and dual-task performanceseported in Table 2 and the
dual-task costs for each domain are presentedjur&i2.
Fine Motor: Multi-Finger Sequence Task

Accuracy Figure 2A depicts the motor accuracy DTCs. T-hest revealed
significant age differences in motor accuracy DTIC39) = -2.23p = .032, such that
older adults had higher motor accuracy DTRIsH.05 %,SE= .02) than younger adults
(M =.006 %,SE=.005). Given the age differences in accuracy BT@sts comparing
these DTCs to zero were conducted for each agegidwere younger adults’ accuracy
DTCs were not significantly different from zenp £ .27). In contrast, older adults’
accuracy DTCs were significantly different fromad(20) = 2.724p = .013.

Reaction timedrigure 2C displays the motor reaction time DTOsefftest for
motor reaction time DTCs resulted in a significage differencet(39) = -2.57p = .014.
Again, older adults had higher motor reaction tiD¥Cs (M = 62 msSE= 12) than

younger adultsMl = 23 ms SE= 10). After Bonferroni correction, younger motor
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Table 2. Mean single and dual-task performanceeslor younger and older adults

Experiment 1

Experiment 2

Cognitive Semantic Judgments Minus-1 Minus-7
Task

Younger Older  Younger Older Younger Older
Accuracy
Single 89.25 92.90 99.50 99.74 75.08 82.37
Dual 91.00 93.14 98.33 99.04 67.58 69.47
Reaction
times
Single 662.42 762.63 567.09 600.64 1584.96  B&2.
Dual 690.52 786.61 665.46 641.20 1647.08  1439.82
Fine Motor Sequential Tapping
Task

Younger Older  Younger Older Younger Older
Accuracy
Single 96.90 94.76 97.82 93.13 96.97 91.30
Dual 96.35 89.90 97.43 86.86 84.28 69.96
Reaction
times
Single 281.89 405.48 290.54 413.03 294.92 391.59
Dual 307.28 466.98 313.59 447.24 377.82 486.62

Note: Accuracy values = percent correct (%). Reactioretvalues in milliseconds.
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Figure 2.Experiment 1A: Meandual-task costs (DTCs) in motor accuracy (percent
correct).B: Mean DTCs in cognitive accurady: Mean DTCs in motor reaction time, in
milliseconds (ms)D: Mean DTCs in cognitive reaction time (ms). Errardare +/- 1
standard error of the mean.

Note:* = significant age difference in DTCs; + = DTQ® aignificantly greater than

Zero.
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reaction time DTCs were not significantly differérdm zero p = .034) and older adults’
DTC values were significantly different from zem< .001).
Cognitive: Semantic Judgment Task

Accuracy Figure 2B displays the cognitive accuracy DTCs. ffrtesst comparing
younger and older adults on their cognitive accp@€Cs was non-significanp(= .36).
An additional analysis on the full sample revedlest the DTCs in accuracy were not
significantly different from zera(40) = -1.240p = .22. When split by age, neither
younger nor older adults’ accuracy DTCs were sigaiftly different from zerops >
.22). Reaction timedrigure 2D displays the cognitive accuracy DTCdirda with the
accuracy results, thetest comparing younger and older adults’ vocattiea times
DTCs was non-significanp(= .73). In this case, thetest comparing vocal reaction time
DTCs to zero was significant for the whole samf{)) = 2.647p = .012. However,
when split by age, neither younger< .07) nor olderg = .10) adults’ vocal reaction
time DTCs were significantly different from zero.
Testing for trade-offs: within and across domains

Within each domain (cognitive and motor) bivarieterelations between mean
dual-task accuracy and reaction time scores wearguated to test for speed-accuracy
trade-offs. A positive correlation between speed @rcuracy measures would be
expected if participants were slowing to maintatauaacy levels or making more
mistakes to maintain speed. Correlations betweeahaxcuracy and vocal reaction time
(p = .98) and motor accuracy and motor reaction {joee .23) were non-significant for
younger adults. Older adults had significant negatiorrelations between motor reaction

time and motor accuraci19) = -.62,p = .003, and vocal reaction time and vocal
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accuracyr(19) = -.44 p = .05. This negative relationship suggests thdgrohdults who
were fast were also highly accurate and thosewtbeg slow were less accurate. Across
both age groups the lack of a significant positoeelation indicates that there was no
speed/accuracy trade-off within domain.

To rule-out crossdomain trade-offs, bivariate datrens were conducted
between motor accuracy and cognitive accuracy D&€svell as, motor reaction time
and cognitive reaction time DTCs. A negative catieh between these DTCs would
suggest that lower costs in one domain (i.e., cogniare associated with greater costs
in the other domain (i.e., motor). For both accyraied reaction time DTCs no
significant trade-offs were found for either ageup ps> .65).

Summary

The results of Experiment 1 replicate the genendlifigs of Crossley and
Hiscock (1992) using a sequential tapping task.dBdyage differences in fine motor
performances, Crossley and Hiscock (1992) demdestthat these age differences
increased when cognitive load increased. Would mipodation of cognitive task
difficulty cause similar age effects when combimath a sequential tapping task? This
guestion was the basis of Experiment 2. In keepirtig previous findings, we
hypothesized that in Experiment 2, a high concurcegnitive load would produce
greater costs to sequential tapping a lower cognitad (for both age groups), and that
this difficulty manipulation would have a greatergact on the older adults’ dual-task
performances than the young.

Experiment 2

Method
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Participants

Twenty younger adults (18-27 years) and 20 oldattad60-78 years)
participated in the experiment. Recruitment andwesxan criteria were the same as in
Experiment 1. In addition to the standardized tedtsinistered in Experiment 1, all
participants completed the Extended Range Vocapilest (ERVT; Educational
Testing Service, 1976), and the Math subtest ofA#dS Ill, to assess vocabulary and
math abilities, respectively. Descriptive statistof the sample are presented in Table 1.
All procedures were approved by the Concordia UsitaeHuman Research Ethics
Committee.
Materials

Fine Motor TaskThe motor task was identical to that used in Expent 1.

Cognitive task: Mental arithmetidhe cognitive task in this experiment had two
levels of difficulty. For the Minus-1 level, panpants subtracted one from randomly
ordered two-digit numbers presented over headphéimeshe Minus-7 level participants
subtracted seven from each stimulus. Stimuli coedisf two-digit numbers ranging
from 11 to 99, not including numbers ending withiese(e.g. 17, 27, 37...) or zero (e.qg.
10, 20, 30...). Two lists composed of 30 stimulrevesed during the practice session.
Sixty new stimuli were randomly arranged into féists to be used in the four conditions
(single Minus-1, single Minus-7, dual Minus-1, di#ihus-7). The ISI range used in the
current study (ISIs: minimum 2300 ms and maximurBbs) was based on the average
response times found in Abbud et al. (2009) for \HY. As compared with Experiment
1, the ISIs were lengthened here to accommodatetine complex cognitive tasks. In all

other respects, the delivery of cognitive stimudisthe same as in Experiment 1.
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Procedure

The testing took place in the Adult Development Agthg lab at Concordia
University. After informed consent, all participantnderwent the motor familiarization
session described in Experiment 1. After the mtzoriliarization, all participants
completed two practice blocks (15 trials each}Yhmfirst block, they completed a fixed
order of Minus-1, single-task motor, dual Minusfithe second block they completed a
fixed order of Minus-7, single-task motor, dual M&7. Participants were instructed that
both tasks were equally important and that theykhtyy to respond quickly and
accurately. Prior to the test runs participantsenasked to complete the Digit Symbol
test.

Once they had practiced the component tasks thapleted four
counterbalanced test runs of the single motor|sioggnitive and dual task. Runs 1 and
2 were always the Minus-1 difficulty level and ruhand 4 were always the Minus-7
difficulty level. Single cognitive was always presed first in runs 1 and 3 and single
motor was always presented first in runs 2 and#. dual-task was always at the end of
a run. Therefore, by counterbalancing runs 1-4difieculty manipulation was evenly
distributed across the test session (i.e., withesparticipants having Minus-1, Minus-1,
Minus-7, Minus-7; others Minus-7, Minus-1, MinusMinus-7, etc.). For each of the
four test sessions there were 30 fine motor trigBsperformed alone (single task motor)
and 15 performed concurrently with mental arithmétequential tapping & Minus-
sequential tapping & Minus-7). After the first twest runs, participants completed the
Trail Making Test (A & B) and the Extended Rangec¥bulary Test, followed by the

two remaining test runs. Finally, the participawtye asked the Emphasis question and
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they completed the Digits Forward and the arithoetibtest of the WAIS. Participants
were debriefed and received course credit (yourayesh honorarium (older) for their
time. The entire session lasted 90-120 minutes.
Statistical Analyses

Dual-task costs were calculated for each depengerable in each domain
(motor and cognitive) and difficulty level (Minusahd Minus-7). For the vocal RT data,
responses were excluded if they were +/- tl@Bdrom each individual’'s overall mean
RT. Only a small proportion of the responses wereiered outliersMojger = .008,SE
=.001;Myounger= .009,SE=.002). For cognitive accuracy, motor accuracy aotor
RT, the data were check for outliers +/- thgtefrom the group mean (younger and
older) on single task performances. One older adadt removed based on this criterion.
Consequently, analyses were conducted on 20 yoamgki9 older adults. Mixed
factorial ANOVASs @ = .05) were carried out using the four dependaniables (DTCs)
with difficulty level (Minus-1, Minus-7) as the viin-subjects factor and age group
(younger, older) as the between-subjects factdip@ddthoc analyses used a Bonferroni
correctedp-value (.025).

Results and Discussion

Mean values for single and dual-task performanceseported in Table 2 and
dual-task costs for each domain are presentedjur &i3.
Fine Motor: Multi-Finger Sequence Task

Accuracy Figure 3A depicts the motor accuracy DTCs for lbtficulty levels.
The analysis revealed a main effect of difficuttyél, F(1,37) = 44.33p < .001,1% = .55,

such that the Minus-7 had higher cod$ts< .17 %,SE=.02) than Minus-1NM = .033 %,

57



0.32
0.28 1
0.24 1
0.20 -
0.16 -
0.12 -
0.08 -
0.04 1

0.00

0.04 -

OYA
O00A

—t—

——

T

Mnus-1 Mnus-7
Difficulty level

OYA
0DOA

——

—t—

Mnus-1 Mnus-7

Difficulty level

-100 -
-140 -

0.32
0.28
0.24
0.20 -
0.16 -
0.12
0.08 -
0.04 1
0.00

OYA
O00A

e ey S

140
100

3

Minus-1 Minus-7
Difficulty level

OYA
O00A

—t—
——i

o [!

3

Mnus-1 Mnus-7

Difficulty level
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level (Minus-1 and Minus-7B: Mean DTCs in cognitive accuracy by difficulty &y
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SE=.01). In addition, there was a main effect of ggaup,F(1,37) = 7.11p = .01,n° =
.16, where older adults had higher DTCs in moteueacy M = .14 %,SE= .02) than
younger adultsN] = .07 %,SE=.02). The interaction was not significaptH.50).

Given the age differences in accuracy DTCs, t-testsparing these DTCs to zero were
conducted for each age group. The younger adultsrmaocuracy DTCs were not
significantly different from zerop(= .59) for Minus-1 but were significantly differen
from zero for Minus-7{(19) = 4.934p < .001. For both difficulty levels, older adults’
motor accuracy DTCs were significantly differerdrfr zero [Minus-1t(18) = 3.41p =
.003; and Minus-7t(18) = 5.85p < .001].

Reaction timedrigure 3C displays the motor reaction time DTOs e ANOVA

for motor reaction time DTCs resulted in a sigrafit main effect of difficultyF(1, 37)
39.48,p< .001,112 = .52, where Minus-7 resulted in higher DTG5 89 ms,SE= 10)
than Minus-1 i = 29 msSE= 6). The main effect of age and the interacti@meanon-
significant ps> .35). Analyses of the reaction time DTCs for fiésample confirmed
that the DTCs for both difficulty levels were sifioantly different from zero [Minus-1:
t(38) = 5.13p < .001; Minus-71(38) = 9.38p < .001].
Cognitive: Mental Arithmetic

Accuracy Figure 3B depicts the cognitive DTCs in accuraaybioth difficulty
levels. The mixed factorial ANOVA revealed a matffeet of difficulty, F(1, 37) =
23.33,p < .001, n* = .39, on the accuracy DTCs, such that DTCs wigyleeh on Minus-
7 trials M = .10 %,SE= .02) than on Minus-1 trial$A = .01 %,SE=.004). All other
main effects and interactions were non-signifig@st> .14). Additional analyses on the

full sample revealed that the DTCs in accuracy veggeificantly different from zero for
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both the Minus-1t(38) = 2.13p = .04, and Minus-7{ (38) = 5.22p < .001, conditions.
When split by age, younger adults’ DTCs in Minugre not significantly different
from zero p = .16) but they were significantly different frorarp in Minus-7 jp = .006).
Similarly, based on the Bonferroni correctedalue, the older adults’ DTCs were not
significantly different from zero in the Minus-1mdition (o = .04) but were significantly
different from zero in the Minus-7 conditiop € .001).

Reaction timedgrigure 3D depicts the cognitive DTCs in accuramytfoth
difficulty levels. There were no significant effegh the cognitive reaction time dafas (
> .40). Pooling together both age groups, the Dih@se Minus-1 condition were
significantly different from zera(38) = 3.419p = .002, but the DTCs in the Minus-7
condition were notg = .72). When split by age, only younger adults’@sTwere
significantly different from zero in the Minus-1mdition (o = .001) and neither age
group had DTCs that were different from zero inkMiaus-7 condition s > .09).
Testing for trade-offs: within and across domains

At each level of difficulty, the mean dual-task szpwithin each domain were
tested for a speed/accuracy trade-off. A positiveetation between speed and accuracy
measures would indicate a trade-off. Younger adhdtsone significant negative
correlation between dual-task motor reaction time @ccuracy in the Minus-7 condition,
r(18) = -.69,p = .001. Older adults had significant negative elatrons in both difficulty
levels for the motor task, Minus-1 conditiol7) = -.57,p = .01, and Minus-7
condition,r(17) = -.74,p < .001. For both age groups, the cognitive dusit-taorrelations
between accuracy and reaction time were non-sagmififor all conditionsps >.07).

Across both age groups the lack of a significarsitp@ correlation indicates that there
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was no speed/accuracy trade-off within domain. i Cs, crossdomain trade-offs
(i.e., responding quickly in motor task but slowingcognitive) were tested with
bivariate correlations between the cognitive andomDTCs. Neither age group
demonstrated any crossdomain trade-offs for angetonditionsggs > .33).
Summary

Similar to the simple tapping findings of Crosséed Hiscock (1992) and the
sequential tapping findings of Kemper et al. (20@8pping sequentially while
performing a cognitive task had a greater impaatlder adults’ motor performances
than younger adults. The younger adults were abteaintain their motor accuracy in
the Minus-1 condition whereas older adults demaitestl significant accuracy costs in
both difficulty levels. Both groups slowed when genqtially tapping with a cognitive
task but there was no age difference in the degfrelowing. In the cognitive measures,
the pattern of results is similar for younger attkoadults with the only exception being
significant cognitive reaction time DTCs in the Mgl condition for the younger adults.
The lack of speed/accuracy trade-offs and crossagdotrade-offs suggest that younger
adults were not slowing to maintain performancenother measure. In the Minus-7
condition, the lack of significant cognitive reagtitime DTCs in combination with
significant motor DTCs for both age groups in bothasures might indicate a
prioritization of cognitive task under the highesgnitive load.

General Discussion

The primary goal of this study was to assess hdisrdnt levels of cognitive load

affected age differences in sequential tappings $hudy extends previous work on dual-

task simple tapping (Crossley & Hiscock, 1992) aanhplex tapping (Kemper et al.
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2003) with age differences found primarily in fim®tor performances. The first
experiment combined a low-load semantic judgmesk veth sequential tapping and
older adults were slower and less accurate thangeruadults on the sequential tapping
task. In the second experiment, in which cognikbael was manipulated, there were age
differences in motor accuracy, with older adultsndastrating costs in both difficulty
levels whereas motor accuracy costs only emerg#tkiharder condition for younger
adults. Since older adults demonstrate costs inesg@l tapping even in the conditions
of lowest load and these costs reliably emergeatomaccuracy performance, we
propose that older adults require greater execativerol processes in order to perform
the sequential tapping task.

In both experiments there was an asymmetry in #tiem of results, such that
dual-task costs occurred mainly in the motor dom#iaross different levels of cognitive
load, the cognitive tasks interfered with the sexdiaénature of the tapping task and
older adults were more affected by this interfeestian younger adults. The interference
from the cognitive task affected the older aduit® motor performance even in the
easiest condition and younger adults only faltevbdn task demands were too great.
Although not as extensive as older adults, youadeits did incur some performance
costs when performing the mental arithmetic tagsk wequential tapping. With the
exception of the Minus-1 condition reaction timeasigre (cognitive and motor) all costs
were in the harder Minus-7 condition. Perhaps mignitive loads taxed younger adults’
coordinative processes (i.e., coordinating thegrerance of the two tasks). Whereas for
older adults, all cognitive loads were sufficienthyallenging that key press accuracy or

response selection in the motor task was affe@ecden that the sequence we presented
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was repeated throughout the each block of trimlanger and older adults may have
encoded the sequence of key presses into a sictippe plan (Tubau, Hommel &
Moliner, 2007). Findings with younger adults haesndnstrated that execution of an
action plan can be disrupted by visual and auditerpal distracters. In addition,
sequence learning and action plans have both Eemsto involve the prefrontal cortex
(Tubau et al., 2007). The prefrontal cortex andetkecutive control processes it
subserves are known to decline with normative a@eghaeghen & Cerella, 2002).
Therefore, in the current experiment because @daslts rely more heavily on executive
control functions for sequential tapping, they destoate greater performance costs than
their younger counterparts. In support of this psal, existing sequence learning
research (Aizenstein, Butters, Clark, Figurskingtr et al., 2006) has found age
differences in frontal activity during concurreeigsience learning, such that older adults
show greater activity than younger adults in tiiedersolateral prefrontal cortex.

The results of the current experiment are alsoisters with our previous
findings in dual-task walking experiments which disiee same cognitive tasks (Fraser et
al., 2007; Li et al., 2009). In particular, Fraseal. (2007) found age differences only in
walking performance when performing the semansk &nd Li et al. (2009)
demonstrated maintenance of walking performancegduhne Minus-1 condition for
younger adults but costs similar to older adulth&harder condition. Similarly, in
Experiment 1, there was age equivalence in perfocamaf the semantic task and age
differences emerged in sequential tapping. FuriheExperiment 2, although younger
adults slowed their sequential tapping in the Mitundition they maintained their

accuracy when older adults demonstrated accurastyg end both groups had similar
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costs in the Minus-7 condition. These similariseggest that gait and sequential tapping
may draw on similar executive control functionseTdyge-related dual-task effects
reported by Crossley and Hiscock (1992) may haea laereflection of age-related
reductions in general dual-task coordination preessather than an indication that
simple tapping requires executive control. Indgedyious research suggests that simple
tapping does not rely on executive functions (Hau$dYogev, Springer, Simon, &
Giladi, 2005). The similarity of the current pattef results with that of previous
walking research (Fraser et al., 2007) also sugdkat the walking findings were not
primarily driven by postural threat.
Conclusions

Taken together, the findings extend the researcgorg and dual-task fine
motor performance in demonstrating that concursegquential tapping costs are greater
in older adults due to the disruption of a planagdcution of taps at the executive
processing level. Under low cognitive load younggults have a more proceduralized or
automatic approach to the sequential tapping testkdoes not require executive control.
In contrast, older adults demonstrate costs atydwad level demonstrating cognitive

penetration of motor task performance (Teasdaled,BaRue & Fleury, 1993).
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Chapter 4

General Discussion
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General Discussion

The purpose of the current set of studies was anine age differences in
sequential tapping with concurrent cognitive taslet vary in cognitive load. The goal of
Study 1 was to test if the multi-finger sequenak teould be performed equally well by
younger and older adults. Results of this studyicoed that after one block of practice
younger and older adults were equally accuratepding sequentially. Once age
equivalence was established with the sequentiginggask, it was paired with a
semantic task in Study 2 to evaluate age differentsequential tapping with a low-load
cognitive task. Despite age equivalence in sirgg& ticcuracy on both cognitive and
motor tasks, older adults had greater dual-tasts¢bhan younger adults on the motor
task as measured by both accuracy and reaction Neither age group had significant
performance costs on the cognitive task. Giveruthdirectional nature of the age-
related findings, a within-study manipulation ofyodtive load (Study 3) was conducted
to further assess boundary conditions for theseddfgences in dual-task performance.
Similar to Study 2, age differences emerged imtlo¢or domain. Older adults
demonstrated significant costs in motor accuracyédh high and low levels of load and
overall had greater dual-task costs than youngeltsadrounger adults only incurred
significant motor accuracy costs in the high loaddition. Both groups had significant
costs in their motor reaction time and in the Hayd condition and both age groups
incurred significant cognitive accuracy costs. Axrthe dual-task studies, older adults
incurred motor costs even at the lowest level®adll This pattern of dual-task results
across various cognitive tasks and different lewélsad, leads to the proposal that older

adults require greater executive control duringusegjal tapping than younger adults.
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Age equivalence in single task sequential tapping

A first critical step for this thesis was to derstrate age equivalence in a
sequential tapping task. In line with existing fimgs (Daselaar et al., 2003; Howard &
Howard, 1989, 1992) age equivalence with this paldr sequential tapping task was
achieved after one block of practice. In this stutlg sequence of finger taps that
participants learned was presented in a varialaetige regime, where the learned
sequence was interleaved with random sequencegimidock. While variable practice
had been applied to task switching paradigms (Krahal., 1999) and to gross motor
learning research (Dick et al., 2000) it had ndthgen exploited in the aging and
sequential tapping literature. This novel desigprapch to sequence learning resulted in
within-day learning that was comparable to stuthes had participants practice in a
blocked manner (Daselaar et al., 2003; Howard & &lolw1989, 1992). The retention
results differed such that older adults showedwedent retention across days, whereas
blocked practice findings (Spencer et al., 200Veat age differences in the retention of
a learned tap sequence. Indeed, the variable peaetigime implemented in the current
study seems to have benefited the retention andtem@nce of sequence learning across
days. The results of this first study suggest Wiaaiable practice might particularly aid
older adults in the retention of a fine motor setwgebut a more direct test of different
designs (variable versus blocked) is warranted.

Ultimately, the outcomes of this study allowed fioe tailoring of the subsequent
dual-task cognitive and fine motor pairings. Fisstice older adults’ required one block
of practice (10 trials) to achieve age equivalandhis task, Studies 2 and 3 were

designed to give older adults the required amotiptaxtice to reach age equivalent
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tapping accuracies prior to the test phase of tperament. Additionally, since age
equivalence had already been established with gmadgments (Fraser et al., 2007)
and mental arithmetic (Li et al., 2009), it was gibke to examine age differences in dual-
task performance with cognitive and fine motor jpgs that had established single task
age equivalence.
Dual- task sequential performance: Motor not coryeitcosts

Once age equivalence in sequential tapping wablestted, it was possible to
proceed with the first pairing of cognitive anddimotor tasks. In Study 2, we paired
semantic judgments (living vs. non-living) with seqtial tapping. In the case of both
younger and older adults, dual-task costs emergedquential tapping performance;
however the costs were greater in older adultshVeédrning on the sequential tapping
task, it is likely that both younger and older aslalevelop an internally generated,
ordered representation of the tap sequence, octaamglan. It has been proposed that
executive control processes are needed to manageoairol a single action plan (Tubau
et al., 2007). Therefore when sequential tapping paared with an additional cognitive
task, it is likely that performance costs emergee tb processing capacity constraints on
executive control mechanisms. That the sequerigihg costs were greater in older
adults in comparison to younger adults suggestghieae executive control processes are
not as efficient in old age. Indeed, in their rewief the literature on fine motor control
and aging, Krampe suggests that sequencing andtesecontrol components of fine
motor control decline with age while low level timgi mechanisms which require less

overall processing capacity remain relatively in{2002).
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Many factors may influence the magnitude of duakteosts in combined
cognitive and motor tasks (Li & Lindenberger, 2002yollacott & Shumway-Cook,
2002). Cost may increase or decrease based ondivedual task demands. While Study
2 established that cognitive and motor tasks wgeh equivalent single-task performance
can result in age differences in dual-task seqaktapping, it remained unknown how
different levels of cognitive load might impact seeage differences in sequential tapping
performance. To address this question, a withidystnanipulation of cognitive load was
designed. Study 3 paired two difficulty levels oémbal arithmetic, Minus-1 (low load)
and Minus-7 (high load), with the same sequengipping task used in Studies 1 and 2.
Age equivalence in single-task performance fomtfeatal arithmetic task had already
been demonstrated for both levels of load (Li et20109). Despite selecting a task that
showed single-task age equivalence, when sequésypiging was paired with the low-
load mental arithmetic older adults demonstratgdicant motor accuracy costs
whereas younger adults only demonstrated significetor accuracy costs when
sequential tapping was paired with the high loadtadearithmetic task. Both groups
slowed significantly when tapping with a concurreagnitive task but there were no age
differences in the degree of slowing. Additionallythe high-load condition both groups
demonstrated cognitive accuracy costs, but theseenealifference in the degree of cost.
Once again, age differences emerged in motor tagknnance when attention was
divided.

That older adults demonstrate motor accuracy &as in the low-load
condition may reflect a processing capacity linmtatin aging that is occurring at the

level of executive processes. Age-related declimexecutive functions are well
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documented (Verhaeghen & Cerella, 2002) and tlseegidence for dedifferentiation of
cognitive and sensorimotor functions with aging(eBaltes & Lindenberger, 1997). If
older adults rely more heavily on executive proesge compensate for sensorimotor
declines, then ultimately the resource pool avélah manage a dual-task situation is
more limited in an older population. In supportlaf proposition, recent neuroimaging
research has demonstrated that in comparison taggowadults, older adults show
increased activation and recruitment of additidorain areas (including the dorsolateral
prefrontal cortex) when executing complex movemé@dtninckx, Wenderoth, &
Swinnen, 2008). In addition, serial reaction tirasaarch exploring differences in
patterns of activation when performing an expleitl implicit sequence simultaneously
also found age differences in the patterns of atm in the prefrontal cortex
(Aizenstein et al., 2006).

In comparison to the older adults’ motor accuramsts, younger adults did not
demonstrate significant motor accuracy costs ifdiheload condition. However,
younger adults did show significant dual-task céstsognitive reaction times for the
low-load condition and older adults did not. Gitlke lack of evidence for performance
trade-offs, one possible explanation for theseitgmt cognitive costs in younger adults
is that they had excess capacity to devote toaslestat hand because of the low
cognitive load. With their extra capacity they nteywe tested different strategies to
maximize their mental arithmetic performance. Meatdhmetic research has
demonstrated that younger adults tend to use ni@tegies than older adults when

solving mathematical problems (Duverne & Lemai@)3).
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The three studies contained in this thesis dematesthat older adults need more
time to learn a sequential tapping task (Studyntl)that they have more difficulty
performing this task when their attention is didd&tudies 2 & 3). Even though Study 1
did not involve a divided attention situation ahé participants were able to focus solely
on the tapping task, older adults needed an additinlock to reach the same levels of
accuracy as their younger counterparts. Then idi€2 and 3, even after older adults
were given ample practice to reach similar singsk taccuracy levels as the younger
sample, they still demonstrated greater motor thet-costs than younger adults. The
current results converge with previous dual-taskliss of simple tapping (Crossley &
Hiscock, 1992), and extend the aging literatureeiguential tapping coupled with a
variety of concurrent cognitive tasks. Crossley Hiigtock (1992) proposed that a
reduction in “general processing” resources with ags at the root of the age
differences in fine motor control. Advances in @sé on the role of executive control in
fine motor performance (Krampe, 2002) and the figdiof this thesis suggest that
executive function is at the root of age differencefine motor control. Perhaps, the
reduction in “general processing” resources thats€ley and Hiscock (1992) were
alluding to could be encompassed by some or dh@processes described as executive
functions. This could be considered a “generallidedn resources in that it
encompasses several executive processes andlimed to a specific process.

An alternate explanation for the current set stites relates to the demand
characteristics of the component tasks. In padiguhe finger tapping task required a
fixed time window between stimuli in which to resygb In comparison, there were fewer

cognitive stimuli in each trial and the responsadew for the cognitive task was slightly
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longer than for the motor task. This being saidlogae examination of the mean single
task performance levels (Table 2) demonstratedohaequential tapping both age
groups were above 91% accurate despite the temgamatraints. In addition, the time
limit for each tap was 1000 ms and the longest mesjponse time across the single task
conditions for both younger (294 ms) and older &di#13 ms) indicates that they had
ample time to complete a tap prior to the next glimnset. Taken together, the data do
not support the demand characteristics of the ntagk as an explanation for the current
data set.

Another possible interpretation for greater motsts in older adults relative to
younger adults is attentional allocation or tagkniization. It is possible that older
adults prioritized their cognitive performance afost to their motor performance,
whereas younger adults prioritized both tasks dgaalinstructed. This interpretation
lacks support as the data reveals both youngeolaied adults maintained performance
on the cognitive task while demonstrating costshenmotor task in the low-load
conditions. Further, in the Crossley and Hisco®9¢) reported that both younger and
older adults were able to allocate their attentismlirected by the experimenter and that
the age differences in fine motor performance wetanfluenced by differences in
attentional allocation.

An additional goal of the thesis was to evaluatedbrrespondence between dual-
task walking (Fraser et al., 2007; Li et al., 2088Y sequential tapping results from our
laboratory, given that the same cognitive taskslesh used in both types of motor dual-
task research. Despite an obvious absence of pb#toeat in the dual-task fine motor

studies, older adults still showed greater dudt-tassts for the motor vs. the cognitive
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task. This suggests that both walking and sequdapaing require greater executive
control processes in an older population, evenwatévels of load. Our research is
complementary to the existing walking dual-tasleegsh (Woollacott & Shumway-
Cook, 2002; Li & Lindenberger, 2002) and extendsphoposition of executive control
in gait to fine motor control. While there may bengarities in the underlying processes
guiding motor control, it is impossible to know findhe current data if sequential tapping
is more or less attentionally demanding than walk# study that includes walking and
sequential tapping similar to Kemper et al. (2008uld be necessary to fully understand
the degree of involvement of attention and exeeutantrol processes in motor tasks that
require different motor skills.
Future Directions

While there are many routes this research mayiruomto take, there are a few
that would help support the conclusions of thisybofiwork. In particular, a more
comprehensive neuropsychological battery includiengeral measures of executive
function would be useful in the evaluation of relaships between executive function
measures and cognitive-motor dual-costs. Posiélaionships between performance
decrements on executive function tests and largétdsk costs in aging would provide
additional support for the role of executive funatin fine motor control. Similarly,
neuroimaging data utilizing the same design arkktasght provide converging
evidence for the role of executive functions in anatontrol if older adults demonstrate
different patterns of activity than the young ie tprefrontal cortex during single- and
dual-task sequential tapping. In line with Heunixek al.’s findings, older adults might

recruit the prefrontal cortex to a greater deghe@ tyounger adults during single-task
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sequential tapping (2008). Further, similar to Aigiein et al. (2006), bilateral activation
or additional prefrontal recruitment might be expeeldn the older adults and not in the
young when sequential tapping is paired with a ¢ogntask.

Another way to examine the role of executive fumriesiin fine motor control
would be to train executive control processes araksess the impact of training on fine
motor control. Cognitive plasticity has been sustdy shown in healthy older adults
across a range of executive control processes, Balth, Helmers, Jobe, Leveck, et al.,
2002; Bherer & Belleville, 2004; Erickson, ColcombMeéadwa, Bherer, Peterson, et al.
2007, Karbach & Kray, 2009; Willis & Schaie, 20@3)d work is underway to assess
whether training of executive functions can posiymnfluence gait parameters.
Research that parallels this work and assesses\ffaet of cognitive training on fine
motor control would also be beneficial. In bothessf improving an older adult’s ability
to perform executive tasks (e.g., dual task) cgorave their motor control, this would
provide further evidence for the importance of exee functions in motor control. In
addition, positive cognitive training outcomes wibhkve important implications for the
maintenance of independence in an older populainohsuccessful aging in general.

In conclusion, the results of the current dissemahighlight the complex nature
of the interactions between cognitive and fine motmtrol in aging. With little
additional practice, older adults could tap sega#ntas well as younger adults.
However, when sequential tapping was paired wihrées of cognitive tasks of differing
load older adults demonstrated performance decresneeen in low-load situations.
Given that single- and dual-task outcomes demaesti@ge differences in sequential

tapping, executive functions are proposed to belied in this fine motor skill. These
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results are consistent with the literature on tveivement of executive control processes
in gross motor control, and suggest that motorquarance, even for well learned tasks is

not free from cognitive demands.
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Appendix A

Sample Consent Form Study 1
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CONSENT FORM TO PARTICIPATE IN RESEARCH (ADULT FORM)

Title of project: Developmental contributions to motor skill learning

Researchers: Virginia Penhune, Ph.D. (principle investigator)
Sarah Fraser, Ph.D. Candidate (graduate student)
Odelia Borten (research assistant)

This is to state that | agree to participate in a program of research being conducted in the
Laboratory for Motor Learning and Neural Plasticity in the Department of Psychology at
Concordia University.

A. PURPOSE

I have been informed that the purpose of this study is to advance our knowledge of how
precise motor skills, similar to playing the piano, are learned and retained across the life-span.

B. PROCEDURES

This experiment includes two consecutive lab visits (24 hours apart). Each visit will last
approximately one hour. In the first visit, | will play a computer learning game using an electronic
keyboard. In this learning game, | will be instructed to “catch the animal” (appearing in one of four
squares presented next to one another in a row on a computer) as quickly and accurately as
possible, by pressing one of four keys on an electronic keyboard using four fingers of the right
hand. | will be asked to asked to play this computer learning game for approximately 25 minutes
(breaks will be provided to prevent fatigue and boredom). | will also be asked to give definition of
words and remember series of numbers. In the second visit, | will be asked to play the same
computer learning game as on the first visit for 25 minutes. | will also be asked to complete
another computer activity. On this activity, letters will be presented on a computer screen and |
will have to press as quickly as | can the space bar after each letter presentation, except the letter
X. At the end of the second visit, | will be compensated $20 for my participation.

Advantages and disadvantages: Participation in this study has no personal benefits. There are
no physical risks associated with participation in this experiment. Breaks will be provided to
prevent fatigue and boredom. The only disadvantage of participation is the time you will spend
doing the test and travelling to and from the laboratory. The investigator may end the study at any
time for purely scientific reasons. In this case, compensation will be made for the part of the study
completed.

C. CONDITIONS OF PARTICIPATION

| understand that my participation in this study is entirely voluntary and that | am free to withdraw
my consent and discontinue participation at anytime without negative consequences. | further
understand that all records and test results of this study will be kept strictly confidential. No one
but the experimenters will have access to any information about me or my performance. In
addition, my name will not be used in any report or publication.

| HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND THIS AGREEMENT. |
FREELY CONSENT AND VOLUNTARILY AGREE TO PARTICIPATE IN THIS STUDY.

Name (please print):

Signature: Date:

Witness’ Signature: Date:
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For further information about this study either before or after it is completed, please feel free to
contact Dr. Virginia Penhune at 514-848-2424 x. 7535 or by email vpenhune@vax2.concordia.ca,
or Sarah Fraser at 514-848-2424 x. 2247 or by email safraser@vax2.concordia.ca.

If at any time you have questions about your rights as a research participant, please contact

Adela Reid, Research Ethics and Compliance Officer, Concordia University, at 514-848-2424 x.
7481 or by email Adela.Reid@concordia.ca.
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Appendix B

Sample Consent Form: Studies 2 and 3
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CONSENT FORM TO PARTICIPATE IN RESEARCH (Study 2)

Title of project: Evaluating age differences in the concurrent
performance of a fine
motor task and semantic word judgments.

Researchers: Sarah Fraser, Ph.D. Candidate (graduate student)
Madeleine Ward (specialization student)

This is to state that | agree to participate in a program of research being
conducted in the Adult Development and Aging Lab in the Department of
Psychology at Concordia University.

A. PURPOSE

| have been informed that the purpose of this study is to advance our
knowledge of how younger and older adults divide their attention.

B. PROCEDURES

In this experiment, | will be asked to perform two things: play a computer
game using an electronic keyboard AND judge words | hear through a headset
as living or non-living. For the computer game, | will be instructed to “catch the
animal” (appearing in one of four squares presented next to one another in a row
on a computer) as quickly and accurately as possible, by pressing one of four
keys on an electronic keyboard using four fingers of the right hand. When | hear
the words (one at a time) | will be asked to say, as quickly as possible, “Yes” if
the item is living and “No” if it is non-living. | will perform these two things
separately and at the same time. The entire experiment will last approximately 1
1/2 hours and | will be compensated $10.00 per hour for my participation.

Advantages and disadvantages: There are no physical risks associated with
participation in this experiment. Breaks will be provided to prevent fatigue and
boredom. The investigator may end the study at any time for purely scientific
reasons. In this case, compensation will be made for the part of the study
completed.

C. CONDITIONS OF PARTICIPATION

| understand that my participation in this study is entirely voluntary and that | am
free to withdraw my consent and discontinue participation at anytime without
negative consequences. | further understand that all records and test results of
this study will be kept strictly confidential. No one but the experimenters will have
access to any information about me or my performance. In addition, my name will
not be used in any report or publication.

| HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND THIS
AGREEMENT. | FREELY CONSENT AND VOLUNTARILY AGREE TO
PARTICIPATE IN THIS STUDY.

92



Name (please print):

Signature: Date:

For further information about this study either before or after it is completed,
please feel free to contact Sarah Fraser at 514-848-2424 x. 2247 or by email
sfraser@alcor.concordia.ca.

If at any time you have questions about your rights as a research participant,
please contact Adela Reid, Research Ethics and Compliance Officer, Concordia
University, at 514-848-2424 x. 7481 or by email Adela.Reid@concordia.ca.

Note: For Study 3, the form was altered from “judging words” to “performing
mental arithmetic” and participants were also told “When | hear the two digit
numbers (one at a time) | will be asked to subtract a one or a seven”. The
remaining details of the consent form were similar to those of Study 2.
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