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ABSTRACT
Performing two tasks in dual-task situations is a requirement in activities of daily living. An inability to
dual-task is demonstrated generally by diminished performance on one or both ofthe tasks. Performing
averbal task can produce a reduced ability to perform a gait task and to maintain balance. Impairment
on either of these postural tasks can increase the likelihood of falling, particularly among older
adults. Dual-task interference has been demonstrated to be significantly impacted by a number of
characteristics of secondary verbal tasks (including dimensions of both motoric and cognitive
complexity]. Previous studies have not, however, exerted sufficient control over articulation or
cognitive-linguistic processing, within the secondary task. The studies presented in this thesis used
a dual-task paradigm that manipulated word length, oral-motor movement, articulation, and lexicality,
within averbal task, while assessing the affects of dual-task interference on both gait and balance. A
sample of healthy young adults (pilotstudy: 15women; gaitand balance studies: 20womenand20
men) were asked to repeat a series of verbal stimuli while walking approximately 6m, and while
maintaining an independent upright posture for 10 seconds at a time. Participants also were asked
to complete atest of perceptual speed, as an indicator of information processing speed, separate from
the dual-task protocol. Results suggest that oral-motor movement, articulation, and lexicality had
unique effects on dual-task performance, with women demonstrating significantly more dual-task
interference than men. Furthermore, results suggested that the ability to dual-task is directly related to
an individual’s information processing capacity. Results supported the capacity-sharing model of

dual-task interference.

Keywords: dual-task interference, articulation, oral-motor movement, lexicality, gait, balance,

information processing speed
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CHAPTER 1
Introduction

Introduction to Dual-Task Interference

Performing two tasks at one time, or dual-tasking, is a common requirement within
activities of daily living. There are numerous benefits to being able to perform
simultaneously avariety of different tasks, regardless of whether they are motor, verbal, or
cognitive. For example, the ability to dual-task successfully enables individuals to
communicate with others while walking, transport objects from one place to another (i.e.,
carry an object and walk), and monitor the surrounding environment while walking,
standing, or performing other complex behaviors (O'Shea, Morris, & lansek, 2002).

Dual-tasking often is completed unconsciously due to the ubiquity of its
involvement in our daily lives. As a result, an individual who is dual-tasking is likely to be
unaware of the potential impact that dual-task interference may have on his or her ability to
successfully complete one (or both) of the tasks. Dual-task interference is defined as the
decline, in performance or accuracy, of one (or both) of two tasks being performed
simultaneously (Woollacott & Shumway-Cook, 2002). Dual-task interference occurs when
cognitive capacity (be it attention, or information processing speed) is constrained by
competing tasks. Although it is possible that any division of an individual’s cognitive
resources may result in interference, this interference is especially likely to occur when the
capacity limits of that individual’s cognitive system are exceeded or overwhelmed (Pashler,
1994).

To study dual-task interference, researchers require participants to perform two or

more tasks concurrently. Dual-task paradigms are most commonly used to examine the



attentional demands of gait (Allali, et al., 2007; Armieri, Holmes, Spaulding, Jenkins, &
Johnson, 2009; O'Shea, et al., 2002), but also have been used in studies of posture (Dault,
Yardley, & Frank, 2003; Holmes, Jenkins, Johnson, Adams, & Spaulding, 2010; Shumway-
Cook, Woollacott, Kerns, & Baldwin, 1997; Yardley, Gardner, Leadbetter, & Lavie, 1999).
Regardless of the exact cognitive mechanisms that are proposed to explain interference
effects, dual-task paradigms are based on the theory that the more challenging (and
therefore demanding) the primary task, the fewer the resources available for allocation to
performance of the secondary task.
Measurement ofDual-Task Interference

Within dual-task experimental paradigms, one of the tasks is designated the primary
task, and the other is designated the secondary task. Although the distinction between
primary and secondary tasks is largely arbitrary, in most studies of the effect of dual-task
interference on gait and posture, it is the gait or posture task that is considered to be the
primary task, owing to the fact that the primary task is generally the task that is considered
to be more automatic in nature. Movements that are learned and automatic-are thought to
be controlled by the basal ganglia, which allow attention to be directed to controlling more
novel or attention-demanding tasks (the secondary tasks, within a dual-tasking study) by
the frontal cortical regions. Dual-task interference becomes increasingly problematic as
the automaticity of either or both of the primary or secondary tasks is reduced, with the
largest effect being seen from varying the automaticity of the secondary task (O'Shea, et al,
2002).

It is particularly important to examine dual-task scenarios that involve gait and/or

posture because these scenarios have a great potential for risk of harm, due to the



increased probability of falls and injury. Often, the first way that people with balance or
motor issues compensate for perceived dual-task interference is to stop performing one
task until they complete the other task. This can be either an adaptive or a maladaptive
strategy, depending upon whether or not the individual chooses to prioritize the task that
involves physical risk. For example, it is adaptive for an individual experiencing an
unacceptable level of dual-task interference to discontinue a primarily verbal task (e.g.,
talking] while performing a primarily motor task (e.g., walking). Conversely, itis
potentially maladaptive (i.e., dangerous) if that individual continues to perform the verbal
task at a deficit to multiple spatial-temporal parameters of their motor task, especially if
that deficit creates a loss of control.

When individuals adapt in order to maintain the components of a motor task over a
verbal task, these individuals are adopting what is called a posture-first strategy. This
strategy would result in a decrease in performance on a cognitive task, but the safety of the
individual would be maintained. This strategy would therefore be considered adaptive
(Shumway-Cook, et al., 1997). A posture-second strategy, in which the individual sacrifices
performance on the postural task in favor of the cognitive (or other secondary) task, may
place the individual at greater risk. This is due to valuable resources being allocated to the
cognitive task, which could possibly leave the motor task to show greater deficits, and
therefore place the individual at a greater risk for falling (for a review, see Johnson, et al.,
2009).

Various research studies have been conducted on simultaneous performance of
either motor or cognitive tasks while performing a posture task (Holmes, et al., 2010; Kerr,

Condon, & McDonald, 1985; Pellecchia, 2003). Some of this previous research focused on



testing populations with a movement disorder. These protocols frequently tested balance
by examining postural instability on the basis of changes in stance position or time before
demonstrated need for external support (e.g., Morris, lansek, Smithson, & Huxham, 2000;
Smithson, Morris, & lansek, 1998), while more recent research incorporated biomechanical
measurements of postural sway (Holmes, et al.,, 2010), and limb support (Marchese, Bove,
& Abbruzzese, 2003). Dual-task interference of a concurrent task performed with a
balance task has been examined using a number of different cognitive and motor secondary
tasks (Kerr, et al.,, 1985; Morris, et al,, 2000). Previous research has demonstrated that
successive increases of the complexity of a concurrent cognitive task has shown a direct
impact on postural instability (Pellecchia, 2003). This research demonstrates a direct
relationship between the performance and regulation of a motor task, while using the same
mechanisms to regulate a simultaneous cognitive task (Pellecchia, 2003; Teasdale, Bard,
LaRue, & Fleury, 1993).
Models ofDual-Task Interference

The cognitive mechanisms surrounding dual-task interference remain somewhat
equivocal, with competing models having been developed to account for previous research
findings (Klingberg, 1998). The three models of dual-task interference that are most
widely supported in the literature are (in no particular order): (a) the bottleneck model
(Pashler, 1994; Welford, 1967) (b) the cross-talk model (Kinsbourne, 1981; O'Shea, et al.,
2002; Pashler, 1994); and (c) the capacity-sharing model (Broadbent, 1958; Kahneman,
1973; Navon & Grophe, 1979; Norman & Brobow, 1975; Pashler, 1994).

The bottleneck model takes a structural perspective in explaining the effects of dual-

task interference, in that it is based on the availability of the neural pathways for allocation



of available cognitive resources (Pashler, 1994; Wickens, 1980). Inthe bottleneck model, it
is the type of tasks that are being performed simultaneously that affects performance, not
the resources available to perform the tasks (Pashler, 1994). Proponents ofthis model
suggest that interference occurs when two concurrent tasks require resources from similar
categories of information (Broadbent, 1958; Huang & Mercer, 2001). When the system is
attempting to access information in order to complete the required tasks, the same
pathway is required in order to retrieve the same type of information for both tasks, thus
resulting in a slowdown (or impairment) in task performance (Pashler, 1994). Conversely,
the theory predicts that there would be reduced interference when the two tasks are
accessing different types of cognitive resources.

The cross-talk model also is a structural model of dual-task interference. Itis similar
to the bottleneck model in that it explains dual-task interference based on the neural
pathways that are used to allocate the cognitive resources necessary for completing a task.
Unlike the bottleneck model, however, the cross-talk model suggests that interference is
reduced, and performance accordingly enhanced, when two similar tasks are,performed
(Kinsbourne, 1981; Pashler, 1994). Under this theory, it is suggested that when the
cognitive system uses the same neural pathways, the system works more efficiently, by
using fewer of the available resources (Allali, et al,, 2007; O’Shea, et al., 2002; Pashler,
1994).

Unlike the bottleneck and cross-talk models, the capacity-sharing model of dual-task
interference suggests that dual-task interference is exacerbated by a reduction in overall
system capacity (i.e., when fewer cognitive resources are available to the task at hand;

O'Shea, et al,, 2002). Introduction of a secondary task is thought to overwhelm processing



resources, and the magnitude of the deterioration is thought to be proportional to
increasing complexity, or decreasing automaticity, of the secondary task (Camicioli, Oken,
Sexton, Kaye, & Nutt, 1998). Proponents of this model suggest that interference is a direct
result of central overload ofa limited system, when two tasks are competing
simultaneously for the same set of resources (Huang & Mercer, 2001). Accordingly, with
the capacity of the central processing system exceeded, performance on one (or both) of
the tasks is correspondingly impaired (Navon, 1977; Pashler, 1994). Under this theory,
performance on a secondary task may be considered to be a direct quantification of
residual cognitive capacity (Posner & Boies, 1971).

Previous research that has been conducted to examine the capacity-sharing model
has focused mainly on the psychological refractory period seen in tests of reaction time
(Fitts & Peterson, 1964; McLeod, 1977; Navon & Miller, 2002; Tolkmitt, 1972). The
psychological refractory period is the delay that is typically observed when an individual is
forced to react to two stimuli (thereby making two responses) that are presented close
together. Generally speaking, the psychological refractory period increases as time
between tasks decreases. The capacity-sharing model can also be evaluated by assessing
information processing speed directly, through the use of a probe reaction time task
(Johnson, Forester, Calderwood, & Weisgerber, 1983; Ogden, Martin, & Paap, 1980; Posner
& Boies, 1971). In this task, an individual must determine whether two successively
presented stimuli, such as letters, are identical by making a rapid button push response
shortly after the second letter appears. The speed at which this decision can be made is
representative of the individual’s information processing speed. Given that both of these

measurements of information processing speed can be conducted outside the dual-task



paradigm itself, it is possible to assess directly the extent to which the interference of the
secondary task is related to an individual’s system capacity, by including information
processing speed as a covariate in an analysis of dual-task interference. ldeally, this
measurement should be done using a method that is not confounded by motoric speed -
either through the separation of response selection and response execution (Johnson,
Vernon, Almeida, Grander, & Jog, 2003), or through the use of entirely non-motoric
chronometric measurements, such as inspection time. Inspection time is a measure of the
minimum length of time that a stimulus can be presented before participants can no longer
reliably identify it's characteristics (Johnson, et al.,, 2004). After covarying out the effects of
information processing speed in this fashion, any remaining variance left in the model
would represent the variability in dual-task interference that is not related to an
individual’s information processing capacity. To the best of my knowledge, this has not
been described within the published literature.
Dual-Task Interference and Articulation

No cognitive task is more basic to activities of daily living than having the ability to
communicate with others (O'Keefe, 1996). The ubiquity of spoken language is clearly
evident when assessing cognitive performance using virtually any verbal task. Verbal tasks
present a number of demands, including the fact that spoken language is comprised of
many unique cognitive and motoric determinants. Most of the previous dual-task research
that has used a verbal secondary task has not carefully considered the articulatory demands
of the verbal task. For example, this limitation was evident in Pellechia’s (2003, 2005)
manipulations of digits and digit recall and when Holmes et al. (2010) asked participants to

recite digits and to engage in a monologue task. When the articulatory demands of a verbal



task are not well controlled, verbal cognitive function (language) is confounded with the
motor demands of speech production (articulation). A few investigators have begun to
examine the role of articulation in dual-task paradigms in which participants perform
motor and verbal tasks simultaneously. To date, these studies have suggested that when a
verbal task is introduced as the secondary task, articulatory demands become important
predictors of the impact of dual-task interference on spatial-temporal parameters of gait.

Yardley and colleagues (1999) investigated the impact of verbal secondary task
demands in a sample of 36 healthy volunteers aged 18 to 47. They employed a force
platform to examine postural sway, which was operationalized as the movement of one’s
centre of pressure in both the anterior/posterior and medial/lateral planes. These
researchers also examined the movement of the participants centre of mass using a 3D
tracking system. Participants were evaluated under four different conditions: (a) repeating
a random number aloud, (b) counting backwards silently by multiples of sevens, (c)
counting backwards aloud by multiples of seven, and (d) performing no concurrent mental
task. The silent condition involved no subvocalization, so there were no oral movements
performed during the completion of the task. Results revealed that repeating a random
number and counting aloud had the same effect, while counting silently showed no effect
on postural sway. These findings suggested that balance is affected by articulation and not
just (verbal) mental activity.

Dault and colleagues (2003) extended the work of Yardley et al. (1999) by
increasing the number of dimensions used in the assessment of postural sway. Healthy
young individuals were tested while seated, while standing on a stable force plate, and

while standing on an unstable force plate. Secondary tasks were then performed either



orally or silently, with the latter condition intended to eliminate the influence of
articulation. The silent task required the participant to listen to prerecorded "letter sounds”
that spelled out a nonsense phrase. Participants were not required to repeat the phrase
that they had memorized until after the trial. The silent condition was therefore intended
to maximize cognitive load while eliminating any effect of articulation (Dault, et al., 2003).
The articulation task required the participant to repeat each individual letter immediately
after it was presented, thereby reducing cognitive load by avoiding memory demands. The
combination task combined both the silent and the articulation tasks, requiring individuals
to repeat the letters as they were presented and to hold the letters in working memory in
order to repeat them at the end of the task. Both tasks that involved articulation (the
articulation and the combination tasks) led to an increase in frequency of sway, suggesting
that there is some aspect of the act of articulation that increases postural sway, beyond
simple cognitive complexity of the task.

Both of the above studies examined articulation as the motor speech movement
component of a secondary verbal task. Armieri and colleagues (2009) further examined
the effects of cognitive load on gait, while focusing on the additional cognitive demands
that are inherent to performing a verbal task. To this end, they manipulated complexity
and articulation within a single working memory task (a digit span task). Participants were
required to memorize a non-repeating sequence of digits of varying length (i.e., complexity),
and to rehearse this sequence either aloud or silently, during the performance of the gait
task. The results showed a significant interaction between complexity and articulation,
with articulation having more of an effect at higher levels of complexity. This suggests that

it is important to manipulate carefully stimulus properties, in order to deconstruct
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correctly the effects of cognitive complexity and articulatory complexity inherent to verbal
tasks.

All three of these studies demonstrate the importance of controlling the articulatory
demands of a verbal task within a dual-task paradigm. However, all three studies
demonstrate a similar limitation, namely, a lack of control over the motoric complexity of
the phonemes involved in the digits (or letters) that were spoken aloud. When these
phonemes were combined in varying orders, the mouth movements that participants were
required to complete were never consistent in place or manner of articulation.

Controlling the Motor Components ofthe Verbal Task

Producing speech involves both a language component and a motor-speech
component, namely, phonology (i.e., access to the phonemes or units of sound of the
language) and articulation (i.e., the complex and dynamic neuromuscular process of
producing speech sounds). Although these are separate components that contribute very
differently to verbal output, the motor component (articulation) cannot be completely
separated from the cognitive/linguistic (phonological) component. Saarinen etal. (2006)
examined the localized areas of the brain that are involved in deconstructed components of
a verbal task. Using magnetoencaphalography (MEG), they compared kinetically similar
speech and non-speech oral movements that were either one item or four items in length.
Non-speech movements were chosen to be natural and easily visualized gestures such as
touching the teeth with the tongue or making a kissing movement. Substituting phonemes
from speech sequences with these mouth movements formed the non-speech sequences.
Results revealed involvement of the primary motor cortex, not only in the activation of the

facial muscles involved in motor-speech movements, but also with the functional cognitive
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processes involved in control of these visually triggered mouth movements (Salmelin &
Sams, 2002). This study also demonstrated that it is possible to teach individuals to
perform individual mouth movements in isolation (i.e., out of the context of a meaningful
word or syllable). This will prove important within the present research, as individuals
will be required to perform (non-speech) oral-motor movements throughout the
performance of gait and balance tasks.

Armieri et al. (2009) were able to demonstrate that the act of speaking aloud
contributes significantly to dual-task interference, even when balancing the cognitive
demands of the task between conditions. Itis possible, however, that the increase in
interference found by the authors could have been produced by the oral-motor demands of
the articulation component of the task (rather than speech per se), and so it is of interest to
further deconstruct the oral-motor demands of the task. Their longer digit spans required
more oral-motor involvement than their shorter spans. More importantly, there are
potential differences in the motor demands of articulating particular numbers within the
digit spans (e.g., the number "one" involves different motor demands as compared with the
number "five™). Therefore, itis important to balance carefully the motor-speech demands,
and the phonological influences, of the spoken syllables within the stimuli. Furthermore, it
is important that the cognitive complexity of the spoken targets within the verbal task be
carefully controlled and balanced.

In order to control better the verbal task, a number of controls can be introduced
among the presented stimulus words. Firstly, the stimuli can be balanced at the phonemic
level, to allow for a careful control of the motoric complexity of the stimuli. Secondly,

stimuli can be balanced in terms of length (i.e, number of syllables). This not only
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manipulates the motoric complexity of the stimulus, but (potentially) the cognitive
complexity of the verbal task (e.g., bisyllabic words may be considered to be one increment
more complex than monosyllabic words from a memory perspective, based on longer word
length and more combinations of phonemes). Thirdly, stimuli can be balanced in terms of
cognitive-linguistic complexity, by arranging the elemental phonemes into words and non-
words. Although words and non-words should both create similar phonological demands,
words may be expected to trigger additional semantic processing relative to hon-words,
thereby making them more cognitively complex. To allow for a balance in motoric and
memory demands between the words and the non-words, the non-words can be a
rearrangement of the same phonemes and syllable structure used for the cognate word
stimuli. Taken together, these manipulations provide the experimenter with good control
over both oral-motor and cognitive complexity.
Developing the Stimulifor the Present Research

A key contribution of the present research is the methodology used to create well-
balanced (motorically and cognitively) speech stimuli that may be used in a dual-task
paradigm with a secondary speech task. The secondary speech task within this study was
broken down into two word lengths (bisyllabic versus monosyllabic) across four
conditions: baseline (gait only); silent oral-motor movement; spoken non-word; and
spoken word. Sixteen stimuli were created in total (four monosyllabic non-waords, four
bisyllabic non-words, four monosyllabic words, and four bisyllabic words). These stimuli
were pilot-tested in a sample of 15 young women (and the results of this pilot study are
presented as Study 1 in Chapter 2). Although the stimuli generated statistically significant

and interpretable results, the verbal stimuli were re-examined and revised, in order to
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control better for both articulatory and phonemic components of the verbal task,
specifically the syllable structure. These revised stimuli were used in a study of gait
[presented as Study 2 in Chapter 2) and a study of balance [presented in Chapter 3).

The initial stimulus words lacked balance in the syllable structure, insofar as the
consonant [C) and vowel [V) combinations were not evenly balanced in their position
within the word/non-word. The placement of vowels and consonants is important because
it changes the articulatory gestures that are performed in the production of the specific
word. In order to better control for syllable structure, all monosyllabic words were re-
worked in the revised stimulus list, so that they were composed of an open-ended syllable
structure [i.e. CV), while bisyllabic stimuli were recast to be CVCV. The phoneme set that
was used in the initial stimulus set was carried over to the set of phonemes that was used
in the revised stimuli. Specifically, the phoneme set was restricted to those phonemes that
are easy to visualize [e.g., bilabial, labiodental, and alveolar consonants; vowels with lip
rounding or retraction] in order to facilitate correct imitation in the non-speech movement
condition. Consonant use was restricted to phonemes that, when combined with the
chosen vowel set, would provide both non-word and real word combinations in

monosyllabic forms. For example, when combining the consonant /n/ with the available

vowel set, it resulted in the following set of candidate stimuli: /ni/, /ne/, /nu/, /nD/ and

/no/, that is, knee, neigh, new, gnaw and no. Since the consonant /n/ provided no options
for non-words, it was eliminated from the set of consonants that would be used to develop
the stimuli. This also occurred with the consonants /p/, /m/, /v/, and /1/. The remaining

consonants that were available for use were therefore /b/, /f/, /t/, and /d/.
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In attempting to balance the stimuli, an attempt was made to have each of the four
stimuli, in each level, begin with one of the four consonants. Due to the lack of available
monosyllabic real word combinations, this proved quite challenging when trying to
develop the bisyllabic real words. For example, 1was unable to create a real bisyllabic
word that began with the phoneme /d/. Due to this limitation, | decided to begin two of the
bisyllabic real words with the phoneme /t/, since /t/ and /d/ are voiced and voiceless
cognates. Other than this one exception, the resultant stimuli were all balanced across
word length (i.e., number of syllables) and lexicality (i.e., word versus non-word). Our
main goal in creating the new stimuli was to exert complete control over the stimuli at the
phonemic level. This resulted in the stimuli at the bisyllabic level being composed of the
same phonemes used at the monosyllabic level. When creating the bisyllabic stimuli at the
non-word level, | further balanced the stimuli by using the four monosyllabic non-word
stimuli once as both the initial syllable and the final syllable. This resulted in each of the
four monosyllabic non-word stimuli being used an equal number of times in each position.
The Present Research \

The present research evaluated the extent to which gait (assessed using an
instrumented carpet) and balance (assessed using a biomechanical force platform) are
impacted by a verbal task that involved repeating the previously described verbal stimuli.
These stimuli are, by virtue of both their length (either one or two syllables) and their
continuous rehearsal, easily remembered, and so any dual-task interference that occurs as
a result of the performance of the secondary task is likely to be due to the motoric or

cognitive-linguistic demands of the words.
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The present research also involved a direct assessment of the capacity-sharing
model, through the use of an information processing speed task that was administered
separately from the dual-tasks. The task that was chosen was an inspection time (IT] task.
IT is asimple information-processing paradigm that is described as a measure of
perceptual speed. Itis intended to reflect the ability of an individual to identify physical
properties of stimuli when they are presented at a limited time interval (Nettelbeck, 1982).
IT has been shown to estimate levels of information processing speed in individuals, and
which has further been linked to certain aspects of intellectual ability (Brody, 2001; Deary
& Stough, 1996). In this way, IT measures can be considered as direct indicators of
information processing speed that are distinct from reaction time tasks, in that they do not
measure the time required to select and execute a motor response (Johnson, et al., 2004).
This independence of IT and speed of motor output is critical when considering the
information-processing speed of populations in which it would be beneficial to remove (as
much as possible) any motoric demands of the task. This may include individuals with
Parkinson’s disease (Johnson, et al., 2004) and older adults who experience difficulties with
upper limb movement that may be unrelated to their information processing speed deficits
(Deary, Hunter, Langan, & Goodwin, 1991). Because the current research has the potential
for future applications with these groups of individuals, it was important to make this
consideration of motoric demands when selecting our measure of cognitive speed.

This research builds upon that of Armieri et al. (2009), by further deconstructing
the language, speech, and motor components of verbalization in dual-task interference. In
Chapter Two, | examine the effects of these aspects of verbalization on parameters of gait,

while in Chapter Three, | examine their effects on balance. The goal of this research is to
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evaluate the extent to which selected parameters (i.e., word length, motoric involvement,
vocalization, and lexical complexity) contribute to the dual-task interference demonstrated
by the participants. To this end, two different word lengths were used (monosyllabic
words versus bisyllabic words), and four conditions were presented: (a) baseline (no
secondary speech task); (b) non-speech movement (wherein movement of the articulatory
structures such as lips, tongue, and jaw is required of the participant, in the absence of
speech); (¢) spoken non-word (in which a speech component was added to the motoric
demands by asking the participant to repeat a nonsense word); and (d) spoken word (in
which lexical demands were added to the speech and motor demands of the task by asking
the participant to repeat a meaningful word).

These eight blocks of stimuli (i.e., 2 levels of word length crossed with 4 conditions)
were presented randomly to participants for use in both gait and balance trials.
The oral-motor complexity of the stimuli was balanced by constructing both the words and
the non-words with the same phonemes (and combinations of phonemes), and
constructing silent oral-motor movements based on the articulatory gestures associated
with these same phonemes. Through this control of the motor-speech component and
manipulation of linguistic (semantic, phonological), speech, and cognitive demands, | was
able to determine which component(s) of the verbal task had the greatest effect on the gait
and balance tasks.
Hypotheses and Predictions

lhypothesize that increasing levels of complexity (both motoric and cognitive-
linguistic) across the three levels will have successively greater interference effects on both

gait and balance. In particular, 1hypothesize that words will have a greater effect on gait
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and balance than non-words, due to the fact that individuals will engage in more cognitive-
linguistic processing while implicitly parsing the meanings of, and connections with, the
stimulus words. | predict that words and non-words spoken aloud will have a greater
effect on gait and balance than silent movement of the articulators, due to added motor
(speech) and linguistic (phonological) demands of verbalization. lalso predict that longer
words/gestures will have a greater effect on gait and balance than shorter items due to the
increased cognitive load of the longer span. Finally, | predict that the removal of the effects
of information-processing speed (i.e., by covarying inspection time within the model) will
produce substantive effects on dual-task interference, thereby providing direct evidence

for the capacity-sharing model of dual-task interference.
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CHAPTER 2

The Effects of Word Length, Articulation, Oral-Motor Movement,
and Lexicality on Gaitl

Dual-task interference results in a decline in performance or accuracy, on one (or
both] of two tasks that are performed simultaneously (Woollacott & Shumway-Cook, 2002).
Introduction of a secondary task may overwhelm processing resources, and the magnitude
of the deterioration is likely to be proportional to the complexity of the secondary motor
task(Camicioli, Oken, Sexton, Kaye, & Nutt, 1998). Previous research has suggested that
when a verbal task is introduced as the secondary task, articulatory demands become
important predictors of the impact of dual-task interference on spatial-temporal
parameters of gait (Armieri, Holmes, Spaulding, Jenkins, & Johnson, 2009). Armieri and
colleagues (2009) examined this by crossing complexity with articulation within averbal
memory-scanning task (digit memorization). Their results suggested that the effects of
complexity are most pronounced under conditions of articulation (as opposed to silent
rehearsal). Although these researchers demonstrated that the act of speaking aloud
contributes significantly to the dual-task interference, they did not provide information as
to whether the increase in interference was produced by motor-speech (as opposed to
linguistic) demands of the task, and did not manipulate the cognitive-linguistic complexity
of the verbalizations themselves.

The capacity-sharing model of dual-task interference suggests that individuals are
likely to experience dual-task interference under conditions in which there is an overall
reduction in the cognitive capacity of the system (i.e., performance is impacted when there

1A version of this chapter is being prepared for resubmission to Gait and Posture, as a full-
length research article.
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are fewer resources available to allocate to either task; O'Shea, Morris, & lansek, 2002).
Previous research that has been conducted to examine the capacity-sharing model has
focused mainly on the psychological refractory period seen in tests of reaction time (Fitts &
Peterson, 1964; McLeod, 1977; Navon & Miller, 2002; Tolkmitt, 1972). The psychological
refractory period is the delay that is typically observed when an individual is forced to
react to two stimuli (thereby making two responses) that are presented close together.
Generally speaking, the psychological refractory period increases as time between tasks
decreases. The capacity-sharing model also can be evaluated using a probe reaction time
task (Johnson, Forester, Calderwood, & Weisgerber, 1983; Ogden, Martin, & Paap, 1980;
Posner & Boies, 1971). In this task, an individual must determine whether two
successively presented stimuli, such as letters, are identical by making a rapid button push
response shortly after the second letter appears. Both ofthese approaches are based on a
measurement of information processing speed (via the length of the refractory period, or
the speed of reaction time). If we consider that performance on a secondary task may be
considered to be a direct quantification of residual cognitive capacity (Posner & Boies,
1971), it is feasible to evaluate the impact of system capacity on dual-task interference, by
statistically controlling information processing speed within a dual-task protocol, as might
be done by including information processing speed as a covariate in an analysis of dual-
task interference. To the best of my knowledge, this analysis has not been described within
the published literature.

Ideally, information processing speed should be measured using a task that is not
confounded by motoric speed - either through the separation of reaction time (response

selection) and movement time (response execution), or through the use of inspection time
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measures that are entirely non-motoric (Johnson, et al., 2004; Johnson, Vernon, Almeida,
Grantier, & Jog, 2003). After covarying out the effects of information processing speed in
this fashion, any remaining variance left in the model would represent the variability in
dual-task interference that is not related to an individual’s information processing capacity.
In this chapter, 1present two studies, both of which examine the effects of oral-
motor, articulatory, and lexical demands of a verbal task, on temporal and spatial
parameters of gait. Both studies build upon the research of Armieri et al. (2009), by
further deconstructing the language, speech, and motor components of verbalization. The
goal of this research was to evaluate the extent to which word length, motoric involvement,
vocalization, and lexical complexity contribute to the dual-task interference demonstrated
by the participants. To this end, two different word lengths were used (monosyllabic
words versus bisyllabic words), and four conditions are presented: (1) baseline (no
secondary speech task); (2) non-speech movement (wherein movement of articulatory
structures is required of the participant, in the absence of speech); (3) spoken non-word
(in which the spoken pronunciation of a non-word is added to the motoric.demands of the
non-speech movement condition); and (4) spoken word (in which lexical demands were
added to the task by asking the participant to pronounce a meaningful word).
Additionally, in study #2,1measured the information processing speed of
participants, and evaluated the extent to which this variable is related to the dual-task
interference demonstrated by participants. The capacity-sharing model of dual-task
interference will predict that removal of the variability due to information-processing

speed will significantly reduce the effects of dual-task interference.
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I hypothesize that increasing levels of complexity (both motoric and cognitive]
across the three levels will have successively greater effects on the examined components
of gait. In particular, Lhypothesize that words will produce greater interference than non-
words, due to the fact that individuals were likely to engage in more cognitive processing
while implicitly parsing the meanings of, and connections with, the stimulus words. |
expect that words and non-words spoken aloud will produce greater interference than
silent movement of the articulators, due to the added motor (speech] and linguistic
(phonological] demands inherent in verbalization. Finally, 1predict that longer
words/gestures will produce greater interference than shorter items due to the increased
cognitive load of the longer span.

Study #1
Method

Fifteen healthy young women, aged 21 to 26 (M = 23.40, SD = 1.50] were recruited
for participation in this study. All participants: (a] were fluent in English (written and
spoken]; (b] were able to walk 20 feet without assistance; and (c], reported no history of
any speech or language disorders. Gait was assessed using a 23’ instrumented GAITRite
carpet. This device collects spatial-temporal information during continuous gait, through
the use of 13,824 sensors located along its length. This information is then digitally
processed, and used to create a quantitative summary of gait. Of interest within this study
are: velocity, step length, step time, swing time, stance time.

The independent variable involved spoken or silent production of a restricted
number of speech sounds (phonemes] that were arranged to create eight words, and eight

non-words (which are not real words but are comprised of phoneme sequences that are
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possible in English], The phoneme set was restricted to those that are easy to visualize
(e.g., bilabial, labiodental, and alveolar consonants; vowels with lip rounding or retraction]
to facilitate correct imitation in the non-speech movement condition. These words (and
non-words] are shown in Table 2.1. As is apparent from Table 2.1, half of the phoneme
combinations are monosyllabic, and half of the phoneme combinations are bisyllabic. The
16 stimuli were arranged in eight experimental blocks (four trials per block] that cross
word length (monosyllabic and bisyllabic) with condition (baseline, non-speech movement,
spoken non-word, and spoken word). Words and non-words were balanced within the
non-speech movement experimental block.

At the outset of each block, participants were instructed as to the nature of the task
requirement (i.e, whether or not they were to speak aloud while repeating the mouth
movements). Before each trial, participants were shown avideo demonstration ofthe
required movements, and were asked to demonstrate the correct mouth movements. They
were observed throughout the task to ensure that they made the correct oral movements
continuously throughout the trial. \

Results

Data were analyzed within a 2 x 4 within-subjects factorial multivariate analysis of
variance, with word length (monosyllabic versus bisyllabic) and condition (baseline, non-
speech movement, spoken non-word, and spoken word) as independent variables.
Significant multivariate effects were parsed with univariate tests of significance, and post-
hoc analysis of all significant univariate effects was conducted using repeated contrasts.

The experiment-wise alpha was set at 0.05 for all analyses, and multiple comparison bias



Table 2.1
Verbal Stimulifor Study #1
Condition Monosyllabic
Non-speech Movement ought
vah
of
tah
Non-Word eeb
vee
taw
vah
Word bee
eve
ought

of
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Bisyllabic
oven
veemu
movie
enov
beebay
tobble
veemu
enuv
baby
bottle
movie

oven

Note: the above spellings are providedfor illustrative purposes only -
all words were pronouncedfor participants without presenting any

written information

was controlled by employing a modified Bonferroni correction [Jaccard & Wan, 1996] for

all effects that did not demonstrate a statistically significant multivariate effect (Hummel &

Sligo, 1971]. All data were analyzed using SPSS version 19. Descriptive statistics for all

variables are presented in Table 2.2



Table 2.2.

Means (and standard deviations) for all gait parameters, by condition, for all participants

Word length
Parameter

Velocity (cm/s)

Step Time (s)

Stance Time (s)

Swing Time (s)

Step Length (cm)

Baseline
149.37
(13.13)
0.50
(0.03)
0.61
(0.04)
0.39
(0.02)
74.31

(4.30)

Monosyllabic

Non-speech  Non-word
142.60 142.65
(17.52) (12.65)

0.52 0.52
(0.05) (0.04)
0.64 0.64
(0.07) (0.05)
0.40 0.40
(0.03) (0.03)
74.03 73.64
(4.50) (4.01)

Bisyllabic

Word Baseline Non-speech  Non-word
140.97 14902 143.57 141.95
(15.21) (13.71) (14.05) (16.13)

0.52 0.50 0.52 0.52
(0.05)  (0.03) (0.04) (0.05)

0.65 0.61 0.64 0.64
(0.06)  (0.04) (0.05) (0.07)

040 0.39 0.40 0.40
(0.03)  (0.02) (0.03) (0.03)
73.29 74.29 73.90 73.50

(455)  (4.41) (4.28) (4.25)

Word

141.64

(14.33)

052
(0.04)
0.64
(0.05)
0.40
(0.03)
73.29

(4.59)

to
vD
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The multivariate effect of word length was not statistically significant [F(5,10] = 0.377], nor
was the interaction between word length and condition [F(15,120] = 0.610]. After applying
a Bonferroni correction factor to analyses of the univariate effects within each of these
factors (and factor combinations], no statistically significant univariate effects were
evident. However, the multivariate effect of condition was statistically significant
[F(15,120] = 3.068, p < 0.05], and this effect explained 71.1% of the variability in gait
parameters. Univariate analyses within the condition factor are presented in Table 2.3. As
apparent from these results, all temporal parameters of gait (velocity, step time, swing time,
and stance time] demonstrated statistically significant dual-task interference, but step
length (a spatial parameter] did not.

Table 2.3.

Univariate analyses of the condition factor, Study #1

Gait Parameter  F(3,42] P Partial N\2
Velocity 10.99 0.001 0.44
Step Time 12.63 0.001 0.47
Stance Time 14.00 0.001 0.50
Swing Time 9.08 0.002 0.39
Step Length 154 0.232 0.10

Post-hoc analyses suggested that dual-task interference produced significant
changes in the parameters of gait, but that this interference was not significantly greater

with non-words as compared to the non-speech movement condition, nor was it
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significantly greater with words as compared to non-words. These results are summarized
in Table 2.4.
Table 2.4.

F-ratios (and partial eta-squares)for post hoc comparisons within the conditionfactor

Gait Parameter Baseline vs. Non-speech vs. Non-word vs.
Non-Speech Non-word Word

Velocity *16.724 0.590 0.758
(0.544] (0.040) (0.051)

Step Time *18.238 0.052 0.356
(0.566] (0.004) (0.025)

Swing Time *18.245 0.040 0.285
(0.566) (0.003) (0.020)

Stance Time * 14.472 0.014 0.093
(0.508) (0.001) (0.007)

Step Length 0.671 0.830 0.596
(0.046) (0.0560 (0.041)

Note: *denotes a contrast that is statistically significant, p < 0.05

Study #2

Method
Although effective in their demonstration of a dual-task interference effect, the
stimuli used in study #1 lacked balance in the types of syllables used - specifically, the

consonant (C) and vowel (V) combinations were not evenly placed throughout the words



32

that were being used. The placement of vowels and consonants is important because it
changes the shape of mouth movements; the types of articulations that are performed in
the production of that specific word. In order to control better for both the articulatory and
the phonemic components of the verbal task, study #2 revisited the syllable structure of
the stimuli, and utilized a new set of stimulus words. In this stimulus set, all syllables were
composed of an open-ended syllable structure [i.e., CV), including both syllables composing
the bisyllablic stimuli (i.e., CVCV). As was the case in study #1, the phoneme set for the
stimulus list was restricted to those phonemes that are easy to visualize (e.g., bilabial,
labiodental, and alveolar consonants; vowels with lip rounding or retraction] in order to
facilitate correct imitation in the non-speech movement condition. To ensure that the
phoneme complexity was similar for both word lengths, the bisyllabic stimuli were
composed of the same phonemes used in the monosyllabic stimuli. When creating the
bisyllabic stimuli at the non-word level, the stimuli were balanced even further by using the
four monosyllabic non-word stimuli an equal number of times to compose the bisyllabic
versions. The monosyllabic non-word stimuli were each used once in the initial syllable
position, as well as once in the final syllable position. This resulted in each of the four
monosyllabic non-word stimuli being used an equal number of times in each position. The

revised stimuli used in this study are shown in Table 2.5.
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Table 2.5.

Verbal Stimulifor Study #2

Condition Monosyllabic Bisyllabic
Non-speech Motor toe today
tay taydee
bay photo
foo footay
Non-Word tay taydee
foo footay
dee deebaw
baw bawfoo
Word toe today
bay photo
do tofu
fee body

Note: the above spellings are providedfor illustrative
purposes only - all words were pronouncedfor participants
without presenting any written information

Individual differences in information processing capacity were estimated with a test
of information processing speed. Although there are numerous methods available for the
chronométrie assessment of information processing speed (with the most common being

reaction time], | chose to use inspection time as my measure of an individual’s speed of

information processing. Inspection time is a simple information-processing paradigm that
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can be described as a measure of perceptual speed, given that it is intended to examine the
ability of an individual to identify physical properties of a stimulus when they are
presented at a limited time interval (Nettelbeck, 1982). Within the present study, the
primary advantage of inspection time was that it provided a method for assessing
information processing speed that did not confound cognitive speed with motoric speed
(i.e, the variable of interest was the speed at which a stimulus could be presented - not the
speed at which an individual could respond to the stimulus). Inspection time is a good
measure of information processing speed in individuals, and is further linked to certain
aspects of intellectual ability (Brody, 2001; Deary & Stough, 1996). Inspection time, in
comparison to reaction time, can account for the limited capacity of cognitive systems that
are involved in dual-task paradigms.

The inspection time task was administered using a desktop computer with a 17 inch
monitor (running at a resolution of 640 x 480 pixels). A small filled circle was presented
initially, for 500ms, as a fixation point, and this was followed immediately by one of the two

pi figures depicted in Figure 2.1. The pi figure was comprised of two vertical lines (21mm

. then OR then

CUE STIMULUS MASK

Figure 2.1. Inspection time stimuli.
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in length for the short leg, and 29mm in length for the long leg] joined at the top by a
horizontal line. This pi figure remained on the screen for a variable period of time, with
presentation time (i.e. the length of time that the stimulus remained on the computer
screen] set at 120ms initially, and then changed systematically throughout testing using a
Parameter Estimation by Sequential Testing (PEST] adaptive staircase algorithm (Taylor,
1967], based on the accuracy of participant responses. Immediately following the
presentation of the pi figure, a lightning mask (also depicted in Figure 2.1], with both legs
set to be 29mm in length, was presented on the screen for a constant period of 360ms. To
ensure that participants were comfortable with the inspection time testing procedure, all
participants were given an opportunity to practice the task with presentation time fixed at
200ms. Participants were given as many practice trials as was necessary for them to
identify correctly ten consecutive stimuli. None of the participants required more than 15
practice trials. The dependent variable on this task was the minimum presentation time at
which a participant was able to achieve consistently 80% accuracy in their judgment of
which line was shorter. As a proxy measure for information processing speed, this
dependent variable was intended to provide insight into an individual's processing capacity
- thereby providing a method of directly assessing the capacity-sharing model of dual-task
interference.

Finally, participants in this study were asked to wear a wireless Bluetooth
microphone, paired with a laptop computer, to create digital audio recordings of the

verbalizations throughout the gait trials, for analysis in a subsequent study.
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All other procedures within this study were identical to those described in study #1.
Forty healthy young participants (20 women and 20 men) were recruited for participation
in study #2, ranging in age from 21 to 29 (M = 23.90, SD = 2.02).

Results

Data were analyzed within a 2 x 4 x 2 multivariate split-plot analysis of variance,
with word length (monosyllabic versus bisyllabic), condition (baseline, non-speech
movement, spoken non-word, and spoken word), and sex as independent variables.
Descriptive statistics for all variables are presented in Table 2.6 (with data presented on
female participants only), and Table 2.7 (with data presented on the male participants
only).

The multivariate effect of the two-way interaction of condition and sex was
statistically significant [F(15, 336) = 2.603, p < 0.05, r|]2=0.293]. Accordingly, this two-way
interaction was parsed using two 2x4 (condition by word length) within-subject factorial
MANOVAs, with women and men assessed in separate analyses.

In the first 2x4 MANOVA (conducted among the female participants), the
multivariate word length by condition interaction was not statistically significant, nor was
the multivariate main effect of word length. However, the multivariate main effect of
condition was statistically significant [F(15,165) = 3.406, p < 0.05, r|2=0.622]. This
multivariate effect was interpreted through an inspection of the univariate effects on each

dependent variable, and these univariate effects are presented in Table 2.8.



Table 2.6.

Means (and standard deviations) for allgait parameters, by condition,for women only

Word Length

Parameter
Velocity
(cm/s)

Step Time
is)

Swing Time
(s)

Stance Time
(s)

Step Length

(cm)

Baseline
141.40

(17.07)

0.52
(0.03)
0.40
(0.02)
0.63
(0.04)
72.84

(6.37)

Monosyllabic

Non-speech
131.72

(16.11)

054
(0.03)
0.41
(0.02)
0.66
(0.05)
70.58

(6.51)

Non-word
134.65
(15.14)

0.53
(0.03)
041
(0.02)
0.66
(0.05)
71.46

(5.78)

Word Baseline
133.31 141.64

(17.90) (16.26)
0.54 0.52

(0.04) (0.03)

0.41 0.40
(0.03) (0.02)
0.66 0.63

(0.05) (0.04)
71.18 73.09

(6.66) (6.45)

Bisyllabic
Non-speech Non-word
13255 132.93
(16.84) (16.66)
0.54 0.54
(0.03) (0.04)
042 041
(0.06) (0.03)
0.67 0.66
(0.08) (0.05)
70.75 70.93
(7.06) (6.14)

Word
130.94
(20.68)
0.55
(0.06)
0.42
(0.04)
0.68
(0.08)
71.15

(7.09)



Table 2.7.

Means (and standard deviations) for allgait parameters, by condition,for men only

Word Length Monosyllabic Bisyllabic
Parameter Baseline Non-speech Non-word Word Baseline Non-speech Non-word
Velocity 130.74 12491 126.10 124.08 131.03 124.34 125.61
(cm/s) (10.56) (12.59) (14.97) (12.46) (9.74) (14.30) (13.91)
Step Time 0.56 0.58 0.57 0.58 0.56 0.58 0.58
(s) (0.04) (0.05) (0.05) (0.05) (0.03) (0.05) (0.05)
Swing Time 042 043 043 043 042 043 043
(s) (0.03) (0.03) (0.03) (0.04) (0.02) (0.03) (0.03)
Stance Time 0.70 0.72 0.72 0.72 0.70 0.73 0.72
(s) (0.05) (0.07) (0.07) (0.07) (0.05) (0.07) (0.07)
Step Length 73.35 71.50 71.76 71.28 73.46 71.53 71.87

(cm) (3.69) (4.35) (4.48) (4.09) (3.85) (4.48) (4.72)

Word
124.89
(11.98)

0.57
(0.04)
043
(0.03)
0.72
(0.06)
7141

(4.26)



Table 2.8.

Univariate analyses ofthe condition factor, women only

Gait Parameter F(3,57)
Velocity 16.99
Step Time 1392
Stance Time 554
Swing Time 11.87
Step Length 10.10

0.001

0.001

0.012

0.001

0.001

39

Partial r|2

0472

0.423

0.226

0.385

0.347

As apparent from Table 2.8, all of the univariate effects were significant among the

female participants. Post hoc comparisons were conducted, using repeat contrasts within

the general linear model (GLM) calculation, and these analyses are presented in Table 2.9.

These results suggest that the largest effect was seen when comparing the baseline to the

non-speech movement condition, and that this contrast was statistically significant for all

five parameters of gait. Interestingly, none of the gait parameters demonstrated a

statistically significant difference between the non-speech movement condition and the

non-word condition, and only step time, swing time, and stance time demonstrated

significant differences between the non-word condition and the word condition.

In the second 2x4 MANOVA, conducted on the data from the male participants, the

main effect of word length [F(5,15) =2.832, p <0.05, A2= 0.486], and the main effect of

condition [F(15,165) = 2.404,p < 0.05, r|2= 0.494] were both statistically significant. There

was no statistically significant multivariate interaction between word length and condition.



Table 2.9.
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F-ratios (and partial eta-squares)for post hoc comparisons within the conditionfactor,

women only

Gait Parameter

Velocity
Step Time
Swing Time
Stance Time

Step Length

Baseline vs.

Non-speech

*45.782 (0.707)
*30.225 (0.614)

*5.768 (0.233)
* 13152 (0.409)

*27.464 (0.591)

Non-speech vs.

Non-word

1.369 (0.067)
0.568 (0.029)
1.267 (0.062)
1.900(0.091)

1.322 (0.065)

Note: * denotes a contrast that is statistically significant, p <0.05

Non-word vs.
Word
1.216(0.060)

*5.049 (0.210)
*4.318 (0.185)
*4.193 (0.181)

0.004 (0.000)

Both of these multivariate main effects were evaluated at the univariate level, and these

univariates are presented in Table 2.10.

Interestingly, the univariate analyses demonstrated that, despite the significant

multivariate effect for the main effect ofword length, none of the univariate analyses of the

individual gait parameters were statistically significant. This suggests that the effect of

word length was sufficiently subtle so as to be visible only as an overall effect on gait. The

univariate analyses of the condition factor suggested, however, that with the exception of

stance time, all of the gait parameters demonstrated a statistically significant effect from

the main effect of condition. Post hoc comparisons were conducted, using repeat contrasts

within the GLM calculation, and these post hoc analyses are presented in Table 2.11.
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Table 2.10.
Univariate effectsfor the main effects ofword length and condition, men only

Univariate Effects for the Main Effect of Word Length

Gait Parameter F(1,19) P Partial p2
Velocity 0.000 0.988 0.000
Step Time 0.024 0.877 0.001
Stance Time 0.852 0.368 0.043
Swing Time 0.302 0.589 0.016
Step Length 0.197 0.662 0.010

Univariate Effects for the Main Effect of Condition

Gait Parameter F(3,57] P Partial N2
Velocity 13.097 0.000 0.408
Step Time 6.676 0.005 0.260
Stance Time 2527 0.109 0.117
Swing Time 8.570 0.001 0311\
Step Length 12.981 0.000 0.406

To identify the extent to which the aforementioned effects were due to information
processing speed, the data were re-analyzed using 2x4 multivariate analysis of covariance
calculations within each sex, with inspection time included as a covariate. Interestingly,
neither women nor men showed any statistically significant effects of dual-task

interference, after removing the variability due to inspection time.



Table 2.11.

F-ratios (and partial eta-squares)for post hoc comparisons within the condition factor,

men only
Gait Parameter Baseline vs. Non-speech vs. Non-word vs.
Non-speech Non-word Word
Velocity *24.580 1.959 1.456
(0.564) (0.093) (0.071)
Step Time * 7432 0.804 0.462
(0.281) (0.041) (0.024)
Swing Time 2.655 0.297 0.077
(0.123) (0.015) (0.004)
Stance Time *10.383 0.851 0.699
(0.353) (0.043) (0.035)
Step Length *40.377 1403 1.309
(0.680) (0.069) (0.064)

Note: *denotes a contrast that is statistically significant, p < 0.05
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Discussion

The results of both studies supported the conclusions of Armieri et al. (2009)
within a protocol that systematically manipulated oral-motor, articulatory, and lexical
demands of speech stimuli. Although the length of the stimuli used in this study (i.e,
monosyllabic versus bisyllabic) did not produce a statistically significant change in gait, the
results of this research suggested that: (a) the introduction of an oral-motor component to
a secondary task produces significant dual-task interference with gait; (b) the addition of
spoken, phonological demands to oral-motor demands produced a significant increase in
dual-task interference with some parameters of gait, but only with the addition of lexical
complexity (spoken word condition). This increase in dual-task interference,
corresponding with increases in articulatory and lexical demands, supports a capacity
model of dual-task interference. In other words, as the load of the secondary task increases,
the primary task is increasingly affected.

Furthermore, the results of study #2 provided interesting information that may be
used in modeling sex differences in dual-task interference. The effect size of the dual-task
interference was larger for women than it was for men, which would suggest that women
show a significantly greater amount of dual-task interference. This may also indicate,
however, that women show a significantly greater tendency to engage in a posture-first
strategy for coping with dual-task interference (i.e., they are demonstrating a greater
tendency to reduce speed and shorten step length, when faced with a competing cognitive
task). Furthermore, women demonstrated a significant increase in change in dual-task

interference when the lexical demands of the task increased.
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Of potentially greatest interest, however, are the analyses that use inspection time
as a covariate. Given that the inclusion of inspection time within the analysis of covariance
produces (essentially) null results for all of the factors, and factor combinations, this
suggests that dual-task interference may be almost entirely dependent upon an individual’s
information processing capacity. This provides the strongest support to date for the
capacity-sharing model of dual-task interference.

The importance of testing this protocol on healthy young individuals is supported
by the fact that this population is not significantly impaired in their gait or, presumably,
their cognition. This differs significantly from examining the same protocol in an older or
neurologically impaired population, which may demonstrate dual-task interference that is
confounded by the effects of aging or disease. Consequently, the effects demonstrated here
in ayoung, healthy population could be considered to be a more accurate representation of
the most basic, underlying processes that are occurring in the cognitive system during
dual-task interference.

Within the young population sampled for this study, the demands of the secondary
task were not sufficient to produce pathological gait changes. In populations of individuals
who have significantly impaired gait (e.g, individuals with Parkinson’s disease, or older
adults with a history of falls), however, it is likely that the demands associated with
secondary verbal tasks will place the individual at an increased risk of falling. Accordingly,
three important lines of research are suggested from these results: (a) an identification of
the safe limits for secondary task complexity (i.e., the cognitive, motoric, and/or lexical
complexity of a secondary task that may be completed safely while walking); (b) a

systematic use of information processing speed measures, in the development of a
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diagnostic battery that may indicate which individuals are most at risk for unsafe gait under
conditions of dual-task interference; and (c) the development of a dual task training
protocol, which may be used to enhance the safety of individuals for whom the risk of
falling is significantly exacerbated through dual-task performance. The latter may be
accomplished by training individuals to prioritize effectively their primary task over their
secondary task, by adopting a posture-first strategy. A posture-first strategy would result
in individuals adapting in order to maintain the components of the motor task over the
components of the verbal task, which may decrease their performance but would maintain

the safety of the individual.
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CHAPTER 3
The Effect of Word Length, Oral-Motor Movement, Articulation,
and Lexicality on Balancel

Dual-task interference results in a decline in performance or accuracy, on
one (or both) of two tasks that are performed simultaneously (Woollacott &
Shumway-Cook, 2002). Introduction of a secondary task may overwhelm
processing resources, and the magnitude of the deterioration is likely to be
proportional to the complexity of the secondary motor task (Camicioli, Oken, Sexton,
Kaye, & Nutt, 1998). Secondary tasks used in previous research have included
manipulations of digits and digit recall (Pellecchia, 2003, 2005), conversational
speech and rhythmic word rehearsal (Holmes, Jenkins, Johnson, Adams, & Spaulding,
2010), as well as secondary motor tasks (Kerr, Condon, & McDonald, 1985; Morris,
lansek, Smithson, & Huxham, 2000). What is lacking, however, is systematic control
over the verbal stimuli used within the secondary task, with regards to both the
oral-motor, and the cognitive-linguistic demands of the task. Although this has been
done with some success in studies of dual-tasking in gait (Armieri, Holmes,
Spaulding, Jenkins, & Johnson, 2009; Davie, et al., in preparation), it is equally
important to consider the effects of interference on balance. Gait may be described
as dynamic balance, comprising not only balance, but also timing (cadence), visual-
spatial awareness, and speed regulation (Lajoie, Teasdale, Bard, & Fleury, 1993).
Examining balance may, therefore, allow us to deconstruct gait, and isolate the

extent to which the effects of dual-task interference on gait are explained by balance.

1A version of this chapter will be submitted to Gait and Posture as a brief communication.
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In addition to examining the oral-motor and cognitive-linguistic features of
the verbal stimuli used in studies of dual-task interference, it is also of interest to
consider the underlying cognitive mechanisms that may be responsible for
individual differences in dual-task interference. There is significant support within
the literature for the capacity-sharing model of dual-task interference, a model of
dual-task interference that is built upon the notion that primary task performance
will be significantly limited by an individual’s cognitive capacity (e.g., O'Shea, Morris,
& lansek, 2002). This theory is usually tested by modifying characteristics of the
secondary task, rather than by covarying out cognitive capacity, as might be done
with the use of an independent measure of information processing speed.

In this study, the motor, speech, and language components of a cognitive
verbal secondary task were experimentally manipulated, thus enabling an
evaluation of the effects of motor, articulatory, and lexical demands of that verbal
task on balance. The goal of this research was to evaluate the extent to which word
length, non-speech movement, articulation, and lexicality contribute to dual-task
interference. To this end, two different word lengths were used (monosyllabic
words and bisyllabic words) across four conditions: (a) baseline (no secondary
speech task); (b) non-speech movement (wherein movement of the articulatory
structures was required of the participant, in the absence of speech or language); (c)
spoken non-word (in which a speech component was added to the motoric demands
by asking the participant to repeat a nonsense word); and (d) spoken word (in
which lexical demands were added to the speech and motor demands of the task by

asking the participant to repeat a meaningful word). Cognitive capacity was
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estimated through the use of a non-motoric measure of information processing
speed, and then removed from the analysis as a covariate.

It is hypothesized that increasing levels of complexity (both motoric and
cognitive) will have successively greater effects on the length of the centre-of-
pressure pathway. Furthermore, the capacity-sharing model of dual-task
interference was tested, by controlling for the effects ofinformation processing
speed within the analysis.

Method

Forty healthy young participants (20 women and 20 men) were recruited for
participation in this study, as part of a larger study in which gait also was evaluated
(Davie, et al., in preparation). All participants: (a) were fluent in English (written
and spoken); (b) were able to maintain an independent upright posture for 10
seconds at a time, and (c) reported no history of any speech or language disorders.
Participants ranged in age from 21 to 29 years of age (M =23.90, SD = 2.02).

The stimuli that comprise the independent variable (and the methods used in
their construction) are described in detail in Davie et al. (in preparation). In brief,
stimuli consisted eight words, eight non-words, and eight non-speech movements .
Half of the stimuli in each set were monosyllabic, and halfwere bisyllabic. All
phonemes were easy to visualize to facilitate correct imitation in the non-speech
condition, which contained equal numbers of words and non-words. The 24 stimuli
were arranged in eight experimental blocks (four trials in each) that crossed word
length (monosyllabic and bisyllabic) and condition (baseline, non-speech, spoken

non-word, and spoken word).



Postural stability for each participant was assessed quantitatively using a
model OR6-5 biomechanics force platform (Advanced Mechanical Technology Inc.,
Watertown, USA), oriented so that the x-axis was aligned in the direction of forward
stance. The force platform consists of an aluminum plate with embedded electronic
force sensors. The outputs were analyzed using the BioAnalysis software package
(version 2.2) produced by the force platform manufacturer. The length of the centre
of pressure pathway was measured using an internal algorithm within this program.

Individual differences in information processing capacity were estimated
using inspection time (IT), a non-motoric measure of information processing speed
that reflects the speed at which a stimulus can be presented on a computer screen
before a participant is no longer able to correctly identify salient characteristics
(Nettelbeck, 1982). The IT task used in this study was identical to the task
described by Johnson etal. (2004).

Within each of the four conditions (baseline, non-speech movement, spoken
non-word, and spoken word), participants were asked to repeat the stimuli (which
were presented both visually and aurally), while standing on the force platform for
periods of 10 seconds at a time. A Bluetooth wireless microphone recorded the
participant’s vocal utterances, for analysis in a subsequent study.

Results

Data were analyzed within a 2 x 4 x 2 factorial split-plot analysis of variance
(ANOVA), with word length (monosyllabic versus bisyllabic), condition (baseline,
non-speech, spoken non-word, and spoken word), and sex as independent variables.

Descriptive statistics for all variables are presented in Table 3.1.
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Table 3.1.
Means (and standard deviations)for the length ofthe centre-of-pressure pathway,
separated by sex and condition

Mean (SD) in cm

Women Men Total

Monosyllabic Baseline 12.40 1165 12.03
(1.69) (1.45) (1.60)

Non-speech 13.38 11.85 12.61

(1.87) (1.28) (1.76)

Non-word 14.26 13.08 13.67

(2.30) (2.24) (2.32)

Word 14.32 135 1391

(2.12) (3.18) (2.70)

Bisyllabic Baseline 12.36 11.62 11.99
(1.66) (1.34) HI-53)

Non-speech 13.23 12.04 12.63

(1.69) (1.93) (1.89)

Non-word 14.31 139 1411

(2.11) (3.85) (3.07)

Word 14.95 13.14 14.05

(3.16) (1.79) (2.69)
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The only statistically significant effect found was the main effect of condition
[F(3,114) = 22.040, p < 0.05]. Post hoc comparisons were conducted on this
significant main effect, using repeat contrasts within the GLM calculation, and these
post hoc analyses are presented in Table 3.2. These results indicated that the length
of the centre-of-pressure pathway was significantly longer for the non-speech motor
condition, as compared with the baseline condition, as well as being significantly
longer when vocalization demands (i.e., spoken task) were added in the spoken non-
word condition. No significant change in dual-task interference was seen when

lexicality demands were added (i.e., when the stimulus was a "real word”).

Table 3.2.

F-ratios (and partial eta-squares) for post hoc comparisons within the conditionfactor

Comparison F (Y|2 partial)
Baseline vs. Non-speech *9.628(0.202)
Non-speech vs. Non-word *22.501 (0.372)

Non-word vs. Word 0.140 (0.004)

Note: * denotes a contrast that is statistically significant, p < 0.05

Furthermore, the largest effect was seen when comparing the non-word

condition to the non-speech movement condition.



To identify the extent to which the aforementioned effects were due to
information processing speed, the data were re-analyzed using a 2 x 4 analysis of
covariance, with IT as a covariate. None of the main effects or interactions were

statistically significant when IT was removed from the analysis.
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Discussion

These results demonstrated that the dual-task interference resulting from
the introduction of non-speech motor demands, significantly lengthened the centre-
of-pressure pathway. Furthermore, the addition of articulation demands produced
a further increase in the length ofthe centre-of-pressure pathway, and the addition
of a lexical component to the verbal task produced a further (albeit non-significant)
increase to the length of the centre-of-pressure pathway. This consistent increase in
the dependent variable, in concert with increases in the demands of the secondary
task, provides support for the capacity-sharing model of dual-task interference.

When IT was examined within the analysis as a covariate, the effects of dual-
task interference disappeared entirely, suggesting that dual-task interference may
be almost entirely dependent upon an individual’s information processing capacity.
This provides some of the strongest evidence that has been presented to date in
favour of the capacity-sharing model of dual-task interference, and is keeping with
the findings of Davie et al. (in preparation), who found similar results within an
analysis of gait.

When considered in the context of the gait analysis presented by Davie et al.
(in preparation), these results demonstrate that the comparatively less complicated
biomechanical activity of static balance, is substantially affected by non-speech oral
motor activity, and is further affected by speech within this task. This strongly
suggests that researchers employing verbal stimuli as a secondary task should use
caution when interpreting the cognitive effects of the secondary task, due to the fact

that such studies are (in essence) studies of "triple-tasking” (balance, oral-motor



activity, and cognitive activity). Furthermore, these results suggest that studies of
dual-task interference would do well to consider individual differences in cognitive
ability, as this variable is clearly a substantively significant confound within the

design.
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CHAPTER4
Discussion

The research conducted for this thesis is presented in two separate chapters:
one examining the effects of dual-task interference on gait, and the second
examining the effects of dual-task interference on balance. This was done to
illustrate the chronology of the research, spanning the initial conceptualization of
the study, to the final study in which we evaluated both gait and balance. The initial
pilot study evaluated spatial-temporal parameters of gait, due to the fact that gait is
considerably more complex than balance. In fact, gait may be described as dynamic
balance, comprising not only balance, but also timing [cadence), visual-spatial
awareness, and speed regulation (Lajoie, Teasdale, Bard, & Fleury, 1993). The use
of this more complicated biomechanical activity increased the power of the study, as
it made it more likely that the secondary task(s) would produce a statistically
significant effect. Following the refinement of the stimuli used in the project, the
research was extended to examine the effects of a verbal task on a balance task.
This allowed us to deconstruct the gait task, to a certain extent, by isolating the
effects of dual-task interference on balance.

The majority of previously completed research in this area has examined the
effects of dual-task interference on older adult populations (Bootsma-van der Wiel,
et al,, 2003) as well as neurologically or cognitively impaired populations (e.g.,
Camicioli, Oken, Sexton, Kaye, & Nutt, 1998; O'Shea, Morris, & lansek, 2002). While
in general, this research explores a wide variety of types of primary and secondary

tasks, the secondary tasks have rarely been deconstructed to evaluate their
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elemental components - and they have never truly been deconstructed from a
speech-language perspective. Furthermore, research has been limited in its
exploration of the cognitive mechanisms that underlie dual-task interference. The
studies presented in this thesis thus make two key contributions to the literature:
(a) they present a methodology for deconstructing (and considering] the relative
contributions of speech and language to dual-task interference; and [b] they present
a method for controlling individual differences in information processing speed that
allows for a direct assessment of the capacity-sharing model of dual-task
interference.

Determination of the interference model that is most appropriate for the
explanation of dual-task interference is best done within ayoung healthy population,
due to the fact that members of this population are not significantly impaired in
their gait, balance, or (presumably] their cognition. Examination of older (or
neurologically impaired] populations may confound the effects of aging or disease,
with the basic effects of dual-task interference. Thus, the effects demonstrated
within the healthy young population used in the present studies can be considered
to be a more accurate representation of the underlying processes that are at work
within dual-task interference.

There are few tasks in our daily lives that are more natural and frequent than
communication. The previously noted gap in the literature, concerning the lack of
consideration of speech and language components within speech tasks is, therefore,
particularly important when one considers how common these tasks are - both

within the research literature, and within activities of daily living. Thus, the main
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goal of the studies presented herein was to evaluate the extent to which all the
major components of a secondary verbal task interfere with a primary gait or
balance task. In order to understand better the exact cognitive mechanisms behind
each successive level of averbal task, and their corresponding effects on dual-task
interference, the verbal task was broken down systematically and progressive levels
of combined components were examined. These major components of a verbal task
included word length, motoric involvement, articulation and lexical complexity.
This research builds upon the research of Armieri, Holmes, Spaulding,
Jenkins and Johnson (2009), who attempted to make the separation between non-
speech motor aspects of averbal task, and the articulation aspects of this same task.
Unfortunately, their study lacked consideration of most of the speech parameters
involved in the performance of the verbal stimuli. The verbal task in the study
conducted by Armieri et al. (2009) was digit naming, a verbal task that provides
relatively no consideration to the actual oral-motor and articulatory processes
involved in the verbal production of digits. In contrast, the stimuli developed for
this thesis were constructed after giving consideration to the manner in which the
individual phonemes can be visualized, the oral-motor complexity of each phoneme,
as well as the vowel/consonant structure of each stimulus word. The articulatory
complexity of the words was controlled further through the use of both
monosyllabic and bisyllabic words. Additionally, the studies that are included as
part of this thesis attempted to separate lexical demands from speech demands

through the inclusion of spoken word conditions and spoken non-word conditions.



Another major issue that the present research addressed was statistical
control of the system capacity within a dual-task paradigm - a simple method for
testing the capacity-sharing model of dual-task interference that does not appear to
have been attempted within any other study in the literature. System capacity was
estimated through the use of anon-motoric information processing speed measure
(inspection time), and individual differences in cognitive speed were removed from
the other effects within the model, as a covariate within an analysis of covariance
(ANCOVA) design. The use of a non-motoric measure of information processing
speed is particularly important when attempting to disentangle motor effects from
speech and cognitive-linguistic effects, within secondary task performance, because
it ensures that the variance removed from the analysis is due to cognitive capacity,
and not movement speed.

The first two studies that were completed, both in chapter 2, demonstrated
that the introduction of an oral-motor component to a secondary task produces
significant dual-task interference with gait, this being the difference between the
baseline condition and the non-speech movement condition. Further, the addition
of spoken, phonological demands to oral-motor demands produced a significant
increase in dual-task interference with some parameters of gait, including step time,
swing time, and stance time, but only with the addition of lexical complexity. This
increment in cognitive-linguistic complexity also revealed a possible sex difference,
in the extent to which lexical demands produced changes in the parameters of gait.
Interestingly, only the women (in study #2 of chapter 2) demonstrated significantly

greater gait impairment when lexical complexity was increased. Interestingly,
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increased lexical complexity did not create significantly greater impairments in gait
in study #1 of chapter 2, even though it was conducted solely on a female sample. It
is unlikely that this occurred due to power issues, since the difference in sample
sizes between the two studies was not substantive (n = 15 versus n = 20]. The only
other difference in the protocol between study #1 and study #2 that could account
for these differences is the changes in the stimuli that occurred between the two
studies. This suggests, therefore, that the revised stimuli may be more accurate and
efficient at deconstructing speech, and consequently the lexical demands among the
verbal stimuli. It also is possible that the revised stimuli are more effective at
differentiating between women and men.

There are a number of possible conclusions that can be drawn with regard to
the sex differences between increased lexical complexity and dual-task interference
in women and men. The three most plausible conclusions are: (a) that there are
differences between women and men, in terms of the amount of their susceptibility
to dual-task interference (and the results would suggest that men are better at dual-
tasking than the women]; [b] that there are sex differences in the processing of
verbal information that may lead the men to process this information at a more
superficial level, thereby increasing the speed at which they can complete the
primary task, and reducing the amount of interference caused by the secondary
task; and (c] that these differences may be accounted for by sex differences in the
prioritization of the primary and secondary tasks.

Previous research with regard to sex differences in cognition has concluded

that women perform better at tasks of verbal fluency. Kimura (1999] suggests that
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women have a better brain representation of the individual sounds of parts of
words (phonemes), which would support the conclusion that men may process
verbal information at a more superficial level than women, thereby producing less
dual-task interference among the men. This also is supported by the finding
(presented in chapter 2) that men demonstrate a statistically significant effect of
word length, and show an overall impairment of gait when given bisyllabic stimuli,
as compared with monosyllabic stimuli. Unfortunately, the bisyllabic stimuli do not
appear to produce any other effects, in either sex, on either gait or balance -
possibly due to the fact that bisyllabic stimuli are not sufficiently complex as to
overwhelm processing resources within this sample. Future research should aim to
include three, or even four syllable constructions, as an attempt to increase the
variability on this factor.

Interestingly, the results of the study presented in chapter 3, which examined
the effects of word length, oral-motor movement, articulation, and lexicality on
balance, suggested that there is a significant increase in dual-task interference when
motoric complexity is increased, as well as there being a significant increase in
interference when speech production is added to motoric action. Despite these
results, there is no significant increase in dual-task interference in balance that
correlates with increases in the lexical complexity of the stimuli, for either men or
women. Also, there were no visible sex differences in dual-task interference in
balance. Further research is warranted in this regard, to determine whether the
effects of dual-task interference increase as the complexity of the balance task is

increased (e.g., with participants asked to alter their stance, to stand with their eyes



closed, etc.). Italso is likely that investigations that apply this paradigm within an
older, or neurologically impaired population, may find that increases in the
complexity of the verbal stimuli produce substantively significant impairment of
balance. This expectation is supported by the increased likelihood of balance
instability within this population, as well as the possibility that this population may
(as awhole) demonstrate a reduced system capacity, as compared with the healthy
young participants in the present research.

Findings from both the gait study and the balance study demonstrated that
when the effects of information processing speed were removed from the model, no
statistically significant dual-task interference remained for any factor (or factor
combination). These results were consistent across measures of both gait and
balance, suggesting that this effect is not domain-specific (i.e., the effect is not
limited to the more complicated activity, gait). This is important evidence that may
be used in the identification of the interference model that is most representative of
the processes involved in managing the performance of two tasks. The bottleneck
model of dual-task interference states that it is the type oftask, not an individual’s
system capacity, that determines the ability of the individual to cope with secondary
task interference. Ifthis were in fact the case, we would not expect to see a general
effect when covarying out information processing speed, as the primary and
secondary tasks that were utilized in the present study were significantly different
from each other, insofar as the primary task was a motor activity (gait or balance),
while the secondary task was oral-motor and cognitive-linguistic. Furthermore, the

effect (or lack thereof) was evident even when considering the less biomechanically
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demanding task (static balance). Taken in concert, these factors suggest that the
results presented herein represent the strongest evidence to date for the capacity-
sharing model of dual-task interference.

Future research should consider examining the same dual-task paradigm
that was examined in these studies from an alternate perspective. Although the
present research adopted the traditional perspective of examining dual-task
interference as being an effect of a less automatic secondary task, on a more
automatic primary task, it is plausible that there also might be variability in an
individual's performance of the verbal task within the same dual task paradigm. Itis
possible that gait (or balance) tasks may have an effect on different elements of the
verbal tasks that were examined, including differences in rate and volume, as well as
overall changes in these two components of speech. Other components of the verbal
tasks that could be affected by performance of a motor task include duration and
number of pauses, as well as the number of phonemes or total stimuli produced per
trial. Itwould also be of interest to examine differences in performance of the
verbal task among different motor tasks, specifically examining whether the effects
of the verbal task were the same between the gait task and the balance task. These
oral-motor, articulation, and lexical components of the verbal task could all be
examined in this manner using the data already collected through the Bluetooth
wireless device utilized in the protocols of the presented studies.

In the future, the control that was exerted over the verbal stimuli and the
inclusion of information processing speed should be extended to research that is

conducted in an older population. The present research was able to consistently



demonstrate that control over information processing speed completely eliminated
the effects of dual-task interference in a healthy young population. It is, therefore,
entirely possible that among older adults, dual-task interference is produced by a
combination of information processing speed deficits, differences in priorities
within multi-tasking, or an age related decline in dual-tasking ability that is
independent of system capacity. Although it is unlikely that the effects of dual-task
interference will produce changes in the gait and balance of healthy young adults
that will increase their liability for fall and injury, this is not the case for older adults.
It is plausible that dual-task interference will increase an older adult's risk of falling.
In fact, this claim has been demonstrated and supported by Lundin-Olsson, Nyberg,
and Gustafson (1997) who cite a phenomenon termed stops walking while talking.
Simply put, older adults who demonstrate a tendency (be it conscious or
unconscious) to stop walking when engaged in conversation are significantly more
likely to befallers (i.e., individuals that have fallen within the previous six months).
Thus, this research suggests that individuals with a reduced capacity for dual-task
interference face significant risk of falling within their activities of daily living -
presumably due to the frequency of dual-tasking demands within our everyday lives.
The research presented in my studies suggests that there may be two key
factors associated with an increased risk of falling within situations that require
dual-task performance and averbal task. These factors include the articulatory
cognitive-linguistic complexity of the task, as well as the individual’s information
processing capacity. Future research should focus on identifying the thresholds for

risk that might allow for an increase in the precision of predicting which individuals



are at an increased risk for a fall when participating in dual-task performance. This
would further indicate not only which tasks should be avoided, but also (and
possibly more importantly] which individuals should avoid dual-tasking altogether.
This research has important implications, therefore, for a number of individuals,
including clinicians, who should avoid communicating with those at risk for falls
while evaluating their gait or balance, or when treating these individuals for issues
in their gait or balance. This also has implications for caregivers, who should
understand and be aware of the risks that older populations may be incurring while
attempting to walk and talk, or perform two tasks simultaneously. Finally, the most
important implication is for the individual themselves who, with the knowledge of
their capability to perform in dual-task scenarios, as well as knowledge of the risk
that they are being placed at for falling and subsequent injury, would ultimately be
given avoice to advocate for themselves about their own capabilities and safe limits
of dual-task interference.

This study has provided considerable contribution to the existing literature
regarding the execution of averbal task and a motor task simultaneously. A set of
verbal stimuli has been systematically developed to isolate the effects of each
individual, progressive component of a verbal task, including oral-motor movement,
articulation, and lexicality. This set of stimuli, and the description of its
development, may prove useful in future evaluations of dual-task paradigms that
include a verbal task.

The results that have been demonstrated by the present studies suggest that

it is possible to account for the level of dual-task interference in individuals on the
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basis of their performance on an entirely separate measure of information-
processing speed. This is valuable in the sense that future implications of
performing multiple tasks at once could eventually be evaluated based on
conducting a simple, non-motoric measure that is easily carried out without access
to a gait and posture laboratory. In order for this to be possible, studies of
diagnostic thresholds will need to be carried out, in order to directly relate this
measure to a level of dual-tasking risk. This is particularly relevant in populations
that are already at an increased risk for falling, such as older populations and motor
impaired populations, due to the fact that these individuals may be at increased risk
when performing a gait task at levels that are even slightly below their typical
performance (i.e., they may have less margin for error in their gait or balance]. Itis
important, therefore, that the potential risks of dual-task performance be conveyed
to those individuals most at risk of falling, so that they are empowered to correctly

prioritize among competing tasks, and (ultimately] improve their own safety.
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