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Abstract

This study utilised a finger force task to investigate the influence of attention and age on the occurrence of motor
overflow in the form of mirror movements in neurologically intact adults. Forty right-handed participants were
recruited from three age groups: 20–30 years, 40–50 years, and 60–70 years. Participants were required to maintain
a target force using both their index and middle fingers, representing 50% of their maximum strength capacity for
that hand. Attention was directed to a hand by activating a bone conduction vibrator attached to the small finger of
that hand. Based on Cabeza’s (2002) model of hemispheric asymmetry reduction in older adults, it was hypothesised
that mirror movements would increase with age. Furthermore, it was expected that when the attentional demands of
the task were increased, motor overflow occurrence would be exacerbated for the older adult group. The results
obtained provide support for the model, and qualified support for the hypothesis that increasing the attentional
demands of a task results in greater motor overflow. It is proposed that the association between mirror movements
and age observed in this study may result from an age-related increase in bihemispheric activation that occurs in
older adults, who, unlike younger adults, benefit from bihemispheric processing for task performance.
(JINS, 2005, 11, 855–862.)
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INTRODUCTION

Motor overflow refers to the unintended movements that
sometimes accompany voluntary movements (Aranyi & Ros-
ler, 2002; Georgiou-Karistianis et al., 2004; Hoy et al., 2004a;
Liederman & Foley, 1987). Mirror movements are a sub-
type of motor overflow that occurs in homologous muscles
on the opposite side of the body (Abercombie et al., 1964;
Mayston et al., 1999). These involuntary movements are
normal in childhood, but decrease between the ages of seven
and ten years (Connolly & Stratton, 1968; Nakada et al.,
1998; Nass, 1985). Persistence of mirror movements into
adulthood is considered to be abnormal and may be familial
(Bauman, 1932; Heck, 1964; Regli et al., 1967; Somers

et al., 1976; van den Berg et al., 2000). However, neurolog-
ically intact individuals do exhibit mirror movements when
performing tasks involving muscle fatigue and extremes of
effort (Armatas et al., 1994, 1996a, 1996b; Cernacek, 1961;
Liederman & Foley, 1987; Stern et al., 1976; Todor & Laza-
rus, 1986; Yensen, 1965).

Two theories have been developed to explain motor over-
flow occurrence in both clinical and non-clinical popula-
tions (see Hoy et al., 2004b for a review). The mechanism
underlying motor overflow appears to be dependent on the
presence or absence of a disease state, and, where present,
on the nature of the disease (Cincotta et al., 2003; Maegaki
et al., 2002; Mayston et al., 1999; Reitz & Muller, 1998).
The first theory, proposed by Cernacek (1961), suggests
that the mechanism underlying motor overflow is transcal-
losal facilitation (TCF), whereby activation in one hemi-
sphere during voluntary movement facilitates activation of
the same neural area in the opposite hemisphere, via the
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connections of the corpus callosum (CC). Sufficient facili-
tation can lead to involuntary movements on the opposite
side of the body (i.e., motor overflow). In the light of sub-
sequent research, this explanation has been modified such
that motor overflow is thought to occur via TCF unless
inhibited by a callosally mediated, interhemispheric inhib-
itory mechanism arising from the contralateral hemisphere
(Aranyi & Rosler, 2002; Mayston et al., 1999; Sohn et al.,
2003). According to Hoy et al. (2004b), the research evi-
dence indicates that during motor cortex activation there is
a very early facilitation of the contralateral motor cortex,
which most likely occurs transcallosally. This is followed
by transcallosal inhibition (TCI) as the spread of cortical
activation increases, which serves to assist unilateral move-
ment. The corpus callosum is therefore involved in the pro-
duction of motor overflow to the extent that callosal fibres
can have a direct excitatory effect on cortical cells as well
as exerting excitatory influences on inhibitory interneu-
rones, which has a net inhibitory effect. A number of stud-
ies have found simultaneous bicortical activation, with
studies using various neuroimaging techniques strongly sug-
gesting that during unilateral finger movements both pri-
mary motor cortices are activated (e.g., Cheyne et al., 1995;
Ikeda et al., 1992).

In contrast, the second theory—ipsilateral corticospinal
activation—was proposed by Nass (1985) to explain motor
overflow observed in young children, and suggests that motor
overflow occurs due to the absence of inhibition of the
ipsilateral section of the corticospinal tract, which consists
of a small number of fibres that do not cross over. This
theory proposes that sufficient removal or absence of intra-
hemispheric inhibition causes the ipsilateral pathway to
become active, with the resulting activation causing motor
overflow. The motor cortical region responsible for activa-
tion of this tract is believed to be spatially distinct from that
responsible for the contralateral tract (Cramer et al., 1999;
Ziemann et al., 1999). Normally, the ipsilateral tract is inhib-
ited during unilateral movements by the contralateral hemi-
sphere via the CC. That voluntary hand movement exerts
an inhibitory influence over the ipsilateral motor cortex via
callosally mediated inhibition of the ipsilateral corticospi-
nal tract has been confirmed (Sohn et al., 2003).

These two theories are not necessarily mutually exclu-
sive (Hoy et al., 2004b) and both propose an important role
for the CC in motor overflow mechanisms. Age-related
decreases in the size of the CC which may affect motor
overflow occurrence via a transcallosal mechanism have
been documented (Allen et al., 1991; Connolly & Stratton,
1968; Cowell et al., 1992; Nakada et al., 1998; Nass, 1985;
Witelson, 1985). Allen et al. (1991) demonstrated signifi-
cant relationships between age and the size of CC regions,
with regional CC areas increasing during childhood and
decreasing during adulthood. Furthermore, increased callo-
sal area is associated with a larger number of fibres cross-
ing through the CC, enhancing capacity for interhemispheric
transfer (e.g., Aboitiz et al., 1992; de Lacoste-Utamsing &
Holloway, 1982; La Mantia & Rakic, 1990; Tomasch, 1954;

Witelson, 1985). The TCF explanation of motor overflow
occurrence (Cernacek, 1961) would predict that diminished
transcallosal connectivity should result in decreased poten-
tial for activation of homologous regions in the contralat-
eral hemisphere. Therefore, motor overflow should decrease
with age-related changes to the CC. However, if the occur-
rence of motor overflow is dependent on the balance between
TCF and TCI, then impaired CC functioning could lead to
increased potential for motor overflow. Since TCI is usu-
ally greater than TCF, physiological changes to the CC as a
result of ageing may result in the loss of inhibitory projec-
tions. This in turn should result in an increase in motor
overflow with age. In support of this, Bodwell et al. (2003)
found greater motor overflow in elderly subjects. However,
they concluded that increased motor overflow did not nec-
essarily reflect age-related dysfunction. Rather, they pro-
posed that overflow may be a compensatory event of normal
ageing.

Bilateral hemispheric activation has been proposed as an
age-related compensatory mechanism. Cabeza’s (2002)
hemispheric asymmetry reduction in older adults (HAR-
OLD) model states that during cognitive tasks, older adults
exhibit less lateralized prefrontal activity compared with
younger adults. Cabeza cites 13 studies using either posi-
tron emission tomography (PET) or functional magnetic
resonance imaging (fMRI) that show greater bilateral acti-
vation in older participants on tasks such as word and face
recognition, face matching, inhibitory control and cued recall.
In addition, Cabeza cites behavioural evidence from a study
requiring participants to match two letters projected to either
the same or opposite visual fields which supports the HAR-
OLD model. In the letter matching study, younger adults
performed within-hemisphere matching faster when the task
complexity was low (i.e., only one distractor present), but
across-hemisphere matching was faster when complexity
was high (name matching with three distractors), while per-
formance within and across hemispheres was equivalent
when complexity was medium (three distractors). In con-
trast, the older adults showed an advantage for across-
hemisphere matching in both medium and high complexity
conditions, from which it was concluded that older adults
may benefit from bihemispheric processing at task com-
plexity levels for which younger adults find unilateral pro-
cessing sufficient.

Although the evidence for the HAROLD model comes
mainly from research on prefrontal cortex functioning using
cognitive tasks, Cabeza (2002) maintains that the model
could be applied to other brain areas. Cabeza cites a PET
study by Calautti et al. (2001), which he suggests provides
evidence that the HAROLD model may generalize to sim-
ple motor processes. Calautti et al. investigated the effects
of ageing on brain activity during auditory-cued thumb-to-
index finger tapping. Both older and younger age groups
showed sensory motor activity in the contralateral hemi-
sphere when performing this task. However, older adults
showed more activity than younger adults in the right dor-
sal prefrontal cortex during right-hand tapping, suggesting

856 Y. Baliz et al.

https://doi.org/10.1017/S1355617705051003 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617705051003


increased ipsilateral activation in the older group. Further-
more, since contralateral motor cortical activity must be under
the control of a balance of inhibitory and excitatory inner-
vation, a loss of inhibitory projections could in fact explain
the development of increased bilateral activation and at the
same time explain an age-related increase in overflow.

Mattay et al. (2002) report that in their study of the neuro-
physiological correlates of age-related changes in human
motor function, elderly participants were found to recruit
additional cortical and subcortical areas when performing a
simple motor task. During performance of a visually paced,
sequential button-pressing task, older participants, aged 50
to 74 years, demonstrated greater activation of the contra-
lateral primary motor cortex as well as other regions involved
in motor processing. Furthermore, for those elderly partici-
pants with greater activity in motor regions, reaction times
were faster, while those who did not show increased bilat-
eral activation performed worse on the task, as indicated by
their reaction time scores. These researchers argue that the
heightened cortical activation observed in these older par-
ticipants may reflect either compensatory mechanisms or
functional reorganization in response to changes in neuro-
transmitter balance. They cite imaging and electro-
physiological studies of motor behaviour that support the
interpretation of increased cortical activation as a compen-
satory response to increased functional demands. They also
acknowledge, however, that the observed cortical hyper-
activity may reflect a breakdown of local inhibitory pro-
cesses or be the result of an interplay between all of these
mechanisms. Mattay et al. (2002) concluded that the find-
ings from their study were consistent with the HAROLD
model and show that these compensatory changes occur in
older individuals even for simple motor tasks.

The HAROLD model suggests that an age-related increase
in overflow should occur due to increased bilateral activa-
tion associated with task performance. In older adults, greater
bilateral activation serves the need to provide additional
resources, increased processing speed or greater inhibitory
control (Cabeza, 2002), and so on most tasks increased motor
overflow could be expected. Furthermore, the HAROLD
model states that greater bilateral activation occurs to meet
the need for greater resources. Increasing the attentional
demands of a task requires greater resources and so should
result in increased bilateral activation. Therefore, if the HAR-
OLD model applies to motor overflow, increasing the atten-
tional demands of a task should exacerbate motor overflow
occurrence in older participants.

This study therefore investigated the effects of atten-
tional processes and age on motor overflow, measured by
the mirror movements exerted during a finger force task
(i.e., involuntary movement observed in one hand while the
opposite hand is exerting force), adopting our previously
developed experimental technique (Armatas et al. 1996a,
1996b; Georgiou-Karistianis et al., 2004; Hoy et al., 2004a).
The intensity of overflow occurring under conditions where
attention was directed to the active, passive or neither hand
was compared across three age groups. We predicted that, if

bilateral activation increased with age, the older age group
would exhibit increased motor overflow. Furthermore,
increasing attentional demands during the task would result
in greater motor overflow for the older participants due to
the predicted bilateral activation increase (to meet the
increased demand for resources to successfully perform the
task).

METHOD

Participants

Participants comprised 40 right-handed, normal, healthy indi-
viduals from the general community. Data from four par-
ticipants were subsequently excluded: three because of
equipment failure, and one because of possible cognitive
impairment. The final sample (N 5 36) was divided into
three equal age groups, 20–30 years (N5 12; Mage5 23.67
years, SD 5 4.16), 40–50 years (N 5 12; Mage 5 45.42
years, SD5 2.31) and 60–70 years (N5 12; Mage5 66.67
years, SD5 3.94), each with six males and six females.

Materials

The experimental apparatus comprised two linear variable
differential transformer (LVDT) units (Lucas Schaevitz
model FTD-G-5K), which gave a measure of absolute force
(measured in grams weight [g wt]) exerted on the surface
of the unit. Each LVDT unit consisted of a circular force
plate, which accommodated two fingers. The LVDT units
were secured in a wooden enclosure for stability. The force
transducers were connected to a laptop computer that allowed
the experimenter to calibrate the apparatus, set task param-
eters, run the experiment, and analyse the data. The com-
puter displayed the forces produced by each participant,
allowing them to monitor each force created during a single
trial. The load limit for these LVDT units was 5 kilograms
(kg). Previous testing of forces of up to 9 kg with known
weights revealed that these units accurately measured force
beyond the 5 kg value set by the manufacturer (Armatas
et al., 1996a). This meant that maximum finger strength
could be determined accurately for all participants using
this apparatus. In addition to the LVDT units, an Oticon A
(47-ohm impedance) bone conduction vibrator was used as
a transducer. It had a vibrating surface (1.7 cm in diameter)
that was controlled by a microprocessor that allowed the
setting of task parameters such as adjustments to intensity
(1.25 V peak-to-peak, which produced a clearly perceptible
vibration) and duration (1000 ms).

Test materials comprised four questionnaires: the Edin-
burgh Handedness Inventory (EdHI; Oldfield, 1971), Beck
Depression Inventory (BDI; Beck et al., 1961), Mini-
Mental State Exam (MMSE; Folstein et al., 1975) and a
general health questionnaire. The EdHI assessed hand pref-
erence, and individuals with positive handedness quotients
were considered right-handed. The BDI was used to screen
for depressive symptoms, with scores above 9 considered
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indicative of depression. The MMSE screened for cogni-
tive impairment, with scores below 23 considered to show
signs of impairment. The health questionnaire was designed
to obtain information regarding medical history involving
multiple sclerosis, Parkinson’s disease, Huntington’s dis-
ease, schizophrenia, and depression, as these disorders have
been found to generate anomalous patterns of motor over-
flow. The health questionnaire also collected information
regarding any previous history of injury, surgery, or trauma
to the head. We considered participants who were currently
experiencing symptoms, taking medication for symptom
relief or had recently experienced trauma to the head to be
at risk for exhibiting irregular motor and0or mirror move-
ments and we therefore excluded them from the study.

Mean scores obtained on each of the screening measures
(MMSE, BDI, EdHI) for each age group for the final sam-
ple are shown in Table 1. The results revealed that MMSE,
BDI, and EdHI values were in the normal range. One par-
ticipant had a history of possible cognitive impairment and
was excluded despite obtaining a normal MMSE score. No
participants reported a history of Huntington’s disease,
Parkinson’s disease, multiple sclerosis, or schizophrenia.
Three participants reported a history of depression but were
not currently experiencing a depressive episode or taking
antidepressant medication and so were not excluded, leav-
ing a final sample size of 36 for analysis.

Procedure

Ethics approval for this research was gained from relevant
ethics committees and participants provided written informed
consent. Participants were told that the task involved press-
ing down with a nominated hand using only their index and
middle fingers, while the fingers of the other hand do “noth-
ing.” The participants were told that on each trial they would
feel a small vibration randomly on either hand or not at all.

Before the commencement of the finger force task, the
bone conduction vibrators were attached to the little fingers
of both hands via Velcro strips. Participants were instructed
to ignore any vibration detected throughout the task. Mea-
surements were first taken of the force exerted by the index
and middle fingers of each hand when resting on the LVDT
units. Baseline measures compensating for the weight of

the fingers resting on the apparatus were subsequently used
on experimental trials. The maximum strength for each hand
(index and middle fingers together) was then determined by
having participants press down as hard as possible with a
designated hand onto the LVDT force plate. They were asked
to try and avoid the involvement of wrist or forearm action
when pressing down on the transducer to ensure that the
force produced was primarily due to finger strength. The
experimenter carefully monitored the participants to ensure
they met this requirement. The maximum force exerted by
both the left and right hands individually for two trials each
was taken to be the maximum force produced by that hand.
This maximum strength value was then used to determine
the target force for the remaining trials.

Following the maximum force trials, the participants were
instructed that they would be required to sustain a force
with their designated hand that represented 50% of their
maximum force. It was demonstrated how the computer
would display the participant’s force production during each
trial and how they would be able to monitor the force they
were producing. For each trial, participants were informed
with which hand to produce force. They were instructed to
concentrate only on force production, to try and reach the
target force quickly and accurately, and to maintain the tar-
get force until the signal to end the trial was given. They
were also informed that regardless of which hand was active
during a trial, the inactive hand should remain resting on
the other LVDT force plate at all times.

Participants completed a total of 72 randomly ordered
experimental trials. There were 12 trials per condition, with
the responding hand and the direction of attention random-
ized across trials. On each trial the participant placed both
hands (index and middle finger of each hand) on the LVDT
force plates. A computer generated signal indicated to the
participant to begin pressing the LVDT plate with the des-
ignated hand until the target force on the computer screen
was reached. The participant then maintained the target force
for approximately 5 seconds. At the 3-second mark of the
trial (when the participant had achieved the target force),
the vibratory stimulus was administered to either the active
or the passive hand, or not at all. At the 5-second mark, a
computer-generated signal indicated the end of the trial and
the participant ceased pressing.

Table 1. Descriptive statistics for mean scores obtained on each of the screening
measures (N5 36)

20–30 years 40–50 years 60–70 years Total

Variable M (SD) M (SD) M (SD) M (SD)

Screening Measure
MMSE 29.25 (1.06) 29.17 (1.19) 28.33 (1.56) 28.92 (1.32)
BDI 5.17 (3.35) 4.33 (4.03) 4.25 (3.57) 4.58 (3.58)
EdHI 70.58 (30.65) 84.75 (17.31) 87.33 (12.27) 80.89 (22.19)
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Data Inclusion Criteria

Each experimental trial was divided into three phases: ini-
tial, unstable, and maintenance. The initial phase was defined
as the period of time during which the force exerted rose to
90% of the target force. The unstable phase represented the
time during which the exerted force oscillated around the
target force by more than 10%. The maintenance phase was
defined as the time where the exerted force was maintained
within 10% of the target force. Force exerted by the passive
hand during this phase was used to measure mirror move-
ments. If on a given trial, the participant was unable to
maintain a level of force that was within 10% of the target
force for at least 1 second, the trial was excluded from the
data analyses. In addition to this, if the level of force exerted
by the passive hand of the participant was below baseline
(indicating that the passive hand was lifted off the LVDT),
the trial was excluded. Approximately 8% of all trials were
excluded using these criteria. For a participant’s data to be
included in the analyses, a minimum of eight trials was
required for each experimental condition.

Design

A 33 3 repeated measures design was used with Age (20–
30, 40–50, 60–70 years) as the between-subjects factor,
and Attention (vibration directed to either the active hand,
passive hand or not at all) as the within-subjects factor.
Mirror movements were the unintended force exerted by
the passive hand, which was measured in g wt.

RESULTS

Measures of mirror movement taken during the mainte-
nance phase were used to examine factors influencing the
intensity of mirror movement. Although the strength require-
ments of the task were held constant across participants, the
actual forces exerted by individuals varied. To control for
the effect of larger forces producing greater amounts of
motor overflow, mean mirror movement occurring during
the maintenance phase was expressed as a percentage of the
target force. To determine if there were any differences for
the mean mirror movement relative to target force, an analy-
sis of variance, using Helmert contrasts and Tukey’s Post
Hoc tests, with factors of Attention (vibration directed to
either the active hand, passive hand, or not at all) and Age
(20–30 years, 40–50 years, 60–70 years) was performed. A
log transformation was applied to the data to reduce skew
after which all assumptions underlying the analysis were
met. Mauchly’s Test of Sphericity was significant for Atten-
tion, x2 (2, N 5 36) 5 6.54, p , 0.05 and therefore a
Huynh-Feldt correction was used. Assumptions of spheric-
ity were met for the factor of Age. Mean relative mirror
movements for the untransformed data for all variables and
groups are shown in Figure 1.

There was a significant main effect of Attention,
F(1.88,61.94)535.65, p, 0.001 (Observed Power51.00).
Examination of the parameter coefficients for Helmert con-

trasts showed that mean relative mirror movement was sig-
nificantly greater when attention was diverted to the active
hand compared with the passive hand or neither hand,
F(1,33) 5 53.67, p , 0.001 (Observed Power 5 1.00).
Furthermore, mean relative mirror movement was signifi-
cantly greater when attention was diverted to the passive
hand compared with neither hand, F(1,33) 5 15.14, p ,
0.001 (Observed Power 5 0.97). There was also a signifi-
cant main effect of Age, F(2,33) 5 12.32, p , 0.001
(Observed Power5 0.99) and a Tukey’s HSD post hoc test
showed that mean relative mirror movement was signifi-
cantly less in the 20–30 year age group compared with the
60–70 year age group, mean difference520.9, p, 0.001.
Furthermore, mean relative mirror movement was signifi-
cantly less in the 30– 40 year age group compared with the
60–70 year age group, mean difference520.52, p, 0.05.
The Age by Attention interaction did not approach signifi-
cance (Observed Power 5 0.37). Although the interaction
was not significant, Figure 1 demonstrates a trend for larger
changes in overflow with attention manipulation in the old-
est group. Therefore, the effect of attention was examined
by performing a repeated measures analysis of variance
within all three groups separately. There was a significant
main effect of Attention in the 20–30 year age group,
F(2,22) 5 7.57, p , 0.005 (Observed Power 5 0.91), the
40–50 year age group, F(2,22)512.60, p, 0.001 (Observed
Power 5 0.99), and the 60–70 year age group, F(2,22) 5
17.85, p , 0.001 (Observed Power 5 0.99). The overall
main effect of Attention is therefore not driven by the oldest
group alone, but is seen in all three age groups.

DISCUSSION

The present study investigated the effects of attentional
processes and age on motor overflow occurrence in neuro-

Fig. 1. Mean mirror movement relative to target force for the
three age groups and the three conditions of attention. None5 no
attention diversion; Passive 5 attention directed to the passive
hand; Active 5 attention directed to the active hand. Standard
error bars included.
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logically intact adults. Prior to this study, the relationship
between attention and motor overflow had not been studied
in this population. The results from this study suggest that
attention and age play a role in motor overflow occurrence,
which has implications for current theories of motor over-
flow and our understanding of the mechanisms underlying
motor overflow across the lifespan.

Consistent with the proposition of Cabeza’s (2002) HAR-
OLD model that there is an age-related increase in bilateral
hemispheric activation during task performance, motor over-
flow increased significantly with age. In older adults, the
bilateral hemispheric activation predicted by the HAROLD
model appears to have resulted in sufficient activation of
the contralateral hemisphere to produce involuntary move-
ment in the form of motor overflow in the passive hand.
Both the 20–30 and 40–50 year age groups had signifi-
cantly lower motor overflow than the 60–70 year age group,
which suggests that bihemispheric activation was greatest
for this older age group. These results are consistent with
research by Bodwell et al. (2003) who also found greater
overflow was exhibited by their elderly participants, and
with the finding of Mattay et al. (2002) that older partici-
pants exhibit greater contralateral activation relative to youn-
ger participants when performing a simple motor task.

Although the finding that older adults exhibited greater
motor overflow is consistent with the HAROLD model
(Cabeza, 2002), the results relating to the manipulation of
attentional demands provide only qualified support for the
model as an explanation of increased motor overflow occur-
rence in older adults. In this study, contrary to our expecta-
tions, manipulating attentional demands during the task did
not exacerbate motor overflow in older participants to a
significantly greater extent than in younger participants.
Rather, for all three age groups greater overflow occurred
on conditions where attention was diverted to one hand
compared to those where attention was not diverted. Fur-
thermore, regardless of age, less motor overflow occurred
when attention was directed to the passive hand, than when
attention was directed to the active hand. The data do show
a trend of older participants exhibiting a greater increase in
motor overflow on the attention conditions, so it is possible
that a larger sample size may have been required to detect
an interaction between age and attention, although the
observed power is low. There is also considerable variabil-
ity in the overflow scores for the older age group, which
suggests that not all older participants exhibited increased
overflow to the same extent.

While the present results indicate that attention affects
motor overflow, they do not indicate whether it was atten-
tion diverted to the active hand, or attention diverted from
the passive hand, that caused greater motor overflow in the
passive hand when the active hand was stimulated. A
resources view, such as that proposed by Craik (1986) to
explain the capacity to perform cognitive processes, can be
used to provide an explanation for these results. When atten-
tion is directed to the active hand, this irrelevant stimulus
needs to be managed to complete the task successfully by

maintaining the required force. If this additional demand
for resources is not met, task performance could be com-
promised, and so to supply additional cognitive resources,
bihemispheric activation may occur. This in turn increases
the potential for motor overflow if the bilateral activation
of the contralateral hemispheric region is sufficient to pro-
duce involuntary movement in the passive hand. In con-
trast, when attention is directed to the passive hand, since
this hand is inactive, the presence of a distractor has less of
an impact on the task being performed. However, increased
overflow occurs under these conditions compared to when
attention is not diverted because there is still a need to
suppress the irrelevant stimulus. Of course, further work is
required to test this. One approach to addressing this issue
would be to direct attention away from either hand using a
concurrent task. If attentional processes then still affect motor
overflow, mirror movements could be attributed to atten-
tion being directed away from the passive hand and not to
the active hand.

Since we did not measure cortical activity during task
performance, we can only speculate on the pattern of cor-
tical activation that occurred. In younger adults whose CC
is intact and functioning normally, bilateral hemispheric
activation may occur due to facilitation of the contralateral
hemisphere via callosal pathways (i.e., via TCF). However,
this contralateral activation results in motor overflow only
when the balance between TCF and TCI tips in favour of
facilitation. With age, however, physiological changes to
the CC may result in decreased TCF and TCI. Since TCI is
generally greater than TCF, this loss of inhibition changes
the balance between callosally mediated excitation and inhi-
bition of the contralateral motor cortex, resulting in a pre-
ponderance of TCF, which is observed in greater motor
overflow.

In summary, we report that increased motor overflow is
associated both with altered attentional processes and with
increasing age. Furthermore, we speculate that the age-
related increase in motor overflow may result from a dif-
ferent mechanism to that underlying motor overflow in
younger adults. We suggest that imaging studies investigat-
ing patterns of hemispheric activation as a function of dif-
ferences in attentional requirements could be useful in adding
to our understanding of the mechanisms underlying motor
overflow across the lifespan. While the findings of this study
lend support to the HAROLD model proposed by Cabeza
(2002), they raise questions that require further investigation.
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