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For an individual to successfully walk, they must maintain control of their dynamic balance. However,
situations that require increased cognitive attention may impair an individual’s ability to actively control
their balance. While dual-task studies have analyzed walking-while-talking conditions, few studies have
focused specifically on the influence of cognitive load on balance control. The purpose of this study was to

Keywords: assess how individuals prioritize their cognitive resources and control dynamic balance during dual-task
g“il'mk conditions of varying difficulty. Young healthy adults (n = 15) performed two single-task conditions
al

(spelling-while-standing and treadmill walking with no cognitive load) and three dual-task conditions
(treadmill walking with increasing cognitive load: attentive listening and spelling short and long words
backwards). Cognitive performance did not change between the single- and dual-task as measured by
spelling percent error and response rate (p = 0.300). Balance control, assessed using the range of
whole-body angular momentum, did not change between the no load and listening conditions, but
decreased during the short and long spelling conditions (p < 0.001). These results highlight that in young
adults balance control decreases during dual-task treadmill walking with increased cognitive loads, but
their cognitive performance does not change. The decrease in balance control suggests that participants
prioritized cognitive performance over balance control during these dual-task walking conditions. This
work offers additional insight into the automaticity of walking and task-prioritization in healthy young
individuals and provides the basis for future studies to determine differences in neurologically impaired
populations.
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1. Introduction cognitive resources. The trade-offs between automaticity and the

cognitive control of walking have important consequences in

Maintaining proper balance control during walking is essential
to prevent falling, which requires cognitive resources to maintain.
However, the addition of a cognitive load during gait may decrease
the resources available and potentially impair the ability to control
dynamic balance (Hollman et al., 2007). This competition for cog-
nitive resources could put those with balance impairments at an
even higher risk of falling (Sheridan and Hausdorff, 2007). The
influence of cognitive loads on dynamic balance during gait can
be evaluated using a dual-task (DT) paradigm, which requires par-
ticipants to perform multiple tasks simultaneously, commonly
pairing steady-state walking with an additional cognitive task
(Ebersbach et al., 1995; Yogev-Seligmann et al., 2012). Automatic-
ity indicates the ability to control movements without taxing
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impaired populations since reaching attentional demand limits
during walking may lead to more falls and resulting injuries
(Clark, 2015). Thus, there exists a need to investigate how DTs
affect dynamic balance during gait.

Studies involving DT walking have become increasingly com-
mon to measure cognitive-motor interference and use a variety
of cognitive tasks (Al-Yahya et al., 2011) such as counting back-
wards by n (Laessoe and Voigt, 2008), reciting alternating letters
of the alphabet (Simoni et al., 2013), reading (Kimura and van
Deursen, 2020), word fluency (Fallahtafti et al., 2020), spelling
backwards (Hollman et al., 2010) and memorization (Armieri
et al., 2009). DT paradigms have also been used as a probe to inves-
tigate the cognitive demands of gait in impaired populations such
as the elderly (e.g., Bock, 2008; Krampe et al., 2011; Mersmann
et al, 2013) and individuals post-stroke (e.g., Kemper et al.,
2006; Plummer et al., 2020; Tisserand et al., 2018), and those with
Parkinson’s disease (e.g., Siragy and Nantel, 2020) or mild cognitive
impairment (e.g., Montero-Odasso et al., 2012). Studies examining
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the effects of DTs on gait have shown that overground walking
becomes slower, suggesting that walking is more demanding of
cognitive resources than previously thought (Sheridan and
Hausdorff, 2007; Simoni et al., 2013). Walking performance has
not necessarily been shown to take priority over cognitive perfor-
mance, as some have observed successfully executed cognitive
tasks at the expense of poorer gait performance (Plummer-
D’Amato et al., 2008; Yogev-Seligmann et al., 2012), while others
have seen a prioritization of gait performance (Hinton et al,
2020; Mersmann et al., 2013).

The majority of DT studies have focused on gait speed as the
primary outcome measure (Al-Yahya et al., 2011), with few studies
focusing on balance control (e.g., Siragy and Nantel, 2020; Szturm
et al., 2013; Tisserand et al., 2018). Whole-body angular momen-
tum (H), which is a mechanics-based measure relating the linear
and angular momenta of the body segments, must be tightly regu-
lated in order to maintain dynamic balance during walking, and
thus provides a useful measure of balance control that has been
used to investigate a number of populations and walking tasks
(Neptune and Vistamehr, 2019). Higher ranges of whole-body
angular momentum (Hg) correlate with lower clinical balance
scores and consequently poorer balance control (Nott et al.,
2014; Vistamehr et al., 2016). Balance control in the frontal plane
requires more active control than sagittal or transverse planes dur-
ing walking (Bauby and Kuo, 2000). Thus, DT effects are often seen
in the frontal plane, such as changes in step width (Fallahtafti et al.,
2020), mediolateral (ML) margin of stability (Zhang et al., 2020)
and ML trunk motion (Szturm et al., 2013). However, H has not
been assessed in DT conditions, and it remains unclear how the
addition of a cognitive load would affect frontal plane H.

The purpose of this study was to assess how healthy individuals
prioritize their cognitive resources and control dynamic balance
during DT walking with increasing cognitive loads. We hypothesize
that as the cognitive load increases from attentive listening to spel-
ling short and long words backwards, Hg will increase, indicating
the control of dynamic balance has decreased. We further hypoth-
esize that cognitive performance will not change between the
single- and dual-tasks, suggesting a prioritization of cognitive per-
formance over balance control. Understanding how young healthy
individuals prioritize cognitive resources and control dynamic bal-
ance during DT walking will provide a benchmark for assessing
potential deficits in neurologically impaired populations.

2. Methods
2.1. Human subject protocol

Fifteen young healthy adults (Table 1) were recruited from the
local community. All subjects provided written informed consent
to participate in this protocol approved by the University of Texas
at Austin Institutional Review Board. All participants were free
from any musculoskeletal or neuromuscular injuries. To determine
their self-selected (SS) walking speed, three trials of 10-meter
overground walking at a “comfortable, typical walking speed”
were averaged. Data collection trials consisted of 30 s of steady-
state treadmill walking performed at a fixed speed of 1.0 m/s and
their SS walking speed. Three-dimensional (3D) full-body

Table 1

Average demographic data of participants (mean + 1 standard deviation).
Age (years) 25+4
Gender (male/female) 6 male/9 female
Height (cm) 175 £ 11
Mass (kg) 67 £+ 11
Self-selected walking speed (m/s) 1.3+0.1
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kinematic data were collected at 120 Hz using 65 reflective mark-
ers with a 10-camera motion capture system (Vicon, Oxford, UK).
Three-dimensional ground reaction force (GRF) data were collected
at 960 Hz from a split-belt instrumented treadmill (Motek, Amster-
dam, Netherlands).

Participants first performed a cognitive ST control (spelling-
while-standing) and then walked on the treadmill with four vary-
ing cognitive loads: a ST no load walking condition and three DT
walking conditions (attentive listening, spelling short 5-letter
words backwards and spelling long 10-letter words backwards)
at each speed for a total of eight walking trials (4 tasks, 2 speeds).
Spelling responses were recorded through a microphone. Walking
conditions, speeds and the order the words were presented were
randomized.

2.2. Cognitive loads

Participants wore noise-cancelling headphones for all trials to
prevent distractions. For the attentive listening condition, partici-
pants were instructed to listen carefully to the story they heard
through the headphones. No other task-prioritization instructions
were given.

During the spelling conditions, participants were instructed to
spell each word backwards as quickly and accurately as possible.
Thirty 5-letter and thirty 10-letter common words were selected
from the English dictionary (Appendix A), and each spelling trial
consisted of only short or long words as the cognitive load. Partic-
ipants heard each pre-recorded word through the headphones
with the next word playing immediately after they spelled the pre-
vious word, completing as many words as possible until the trial
ended.

2.3. Data analysis

Marker and force plate data were low-pass filtered at 6 Hz and
15 Hz, respectively, using a fourth-order Butterworth filter. A 13-
segment inverse dynamics model was created for each subject
using Visual 3D (C-Motion, Germantown, MD). Dynamic balance
was quantified by analyzing 3D H, which was calculated by sum-
ming the angular momentum of each body segment about the
whole-body center of mass (CoM) as follows:
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where 7, , ¥; are the position and velocity vectors of the it

segment’s CoM, respectively. ?ifx and 7;% are the position and
velocity vectors of the whole-body CoM, m;, I; and ; are the mass,
moment of inertia and angular velocity vector of the if" segment,
respectively, and n is the number of body segments. H was normal-
ized by subject mass, height and walking speed. Hg was defined as
the difference between the maximum and minimum peaks of H
over the gait cycle. Steps where the participant’s foot landed on
the opposite force plate were identified and removed from the
kinetic analyses.

Step width was defined as the ML distance between the left and
right heel markers at consecutive heel-strikes. Step length was the
anterior/posterior (AP) distance between the left and right heel
markers at consecutive heel-strikes plus the distance the treadmill
moved during that time. Stance time was defined as the time
between heel-strike and toe-off of one leg while swing time was
the time between toe-off and the next heel-strike. Double support
time was the time between one foot’s heel-strike and the other
foot’s toe-off. GRFs were normalized by body weight.
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Recorded audio was examined to determine percent spelling
error (number of incorrect letters divided by total letters) and cor-
rect response rate (correct letters per second).

2.4. Statistics

Multiple repeated measures analyses of variance (ANOVA) were
used to assess differences in the balance outcome measures (Hg, step
width, step length, stance time, swing time, double support time,
peak 3D GRFs) between the ST and three DTs across the two speeds
(4 conditions x 2 speeds). A two-way repeated measures ANOVA
was used to assess differences in the cognitive performance by com-
paring the correct response rates of the two spelling tasks (short ver-
sus long words) and the three condition levels (standing versus 1 m/s
walking versus SS walking) (2 tasks x 3 levels). If the ANOVA
revealed significant effects, Tukey HSD post-hoc tests were per-
formed to identify pairwise differences between the DTs and to cor-
rect for errors due to multiple comparisons. The significance level
was set at p < 0.05. All statistical analyses were performed using
the statistical toolbox in MATLAB (Mathworks, Natick, MA).

3. Results
3.1. Balance control

Frontal plane Hy increased between the no load and short word
spelling (p < 0.001) and between the no load and long word spel-
ling conditions (p < 0.001) at both speeds (Fig. 1, Tables 2 and 3),
indicating a decrease in balance control during the spelling DT.
Hg did not reach significance between the no load and listening
conditions at both 1 m/s (p = 0.065) and SS (p = 0.121) speeds.
There were no differences in sagittal and transverse plane Hpg
between the ST and DT conditions.

3.2. Spatiotemporal measures

Step width increased from the no load walking to DT spelling
(p < 0.001) (Tables 2 and 3). No differences were found between
the no load and listening conditions (p = 0.990). At both speeds, step
widthincreased from the noload to short word conditions (p <0.001)
and from the no load to long word conditions (p <0.001). At the 1 m/s
speed, step width was wider in the short word DT than in the long
word DT (p < 0.001) (Fig. 2a, Table 2). This difference was not seen
in the SS conditions (p = 0.290) (Fig. 2b, Table 3).
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Fig. 1. Peak-to-peak differences in whole-body angular momentum (Hg, normal-
ized by height, mass and speed of each individual) in the frontal plane for the no
load and the three dual-task conditions at the 1 m/s speed (a) and the self-selected
(SS) speed (b). * indicates a significant difference between the two conditions
(p < 0.05). Error bars represent + 1 standard deviation.
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Differences in step length did not reach significance between
conditions at the SS speed (p = 0.062) (Table 3). At 1 m/s, step
length decreased between the listening and short word conditions
(p = 0.013) and between the listening and long word conditions
(p = 0.002) (Table 2).

Stance time decreased with cognitive load only at 1 m/s
(Table 2). The long word condition had shorter stance time than
the no load (p = 0.014). Swing time also only changed at 1 m/s,
slightly decreasing between the no load walking and long word
DT (p = 0.032) (Table 2).

3.3. GRF measures

There were no differences in the vertical peak GRFs in the 1 m/s
(p = 0.097) or SS speed trials (p = 0.121) (Fig. 3a and b). ML peak
GRFs increased between the no load and short word conditions
(p < 0.001) and between the no load and long word conditions
(p < 0.001) at both speeds (Fig. 3c and d). At the SS speed, peak
ML GREFs also increased between the short and long word spelling
conditions (p < 0.001) but did not change at 1 m/s (p = 0.537).
Finally, the AP GRFs remained the same at the SS speed
(p = 0.094) (Fig. 3f), but at 1 m/s, the short word conditions had
a lower peak GRF than the no load (p < 0.001) and long word
(p = 0.005) conditions (Fig. 3e).

3.4. Cognitive performance

Spelling performance did not change between the ST and two
spelling DTs as measured by the number of errors and response
rate (p = 0.300) (Table 4). On average the response rate decreased
by 59% (p < 0.001), and percent error increased from 2% to 10%
between the short and long word tasks across the three conditions
(p < 0.001).

4. Discussion

This study assessed how young healthy individuals prioritize
their cognitive resources and control dynamic balance during DT
walking with varying levels of cognitive demand. Our first hypothe-
sis that as the DT load increased, the control of dynamic balance
would become worse was supported by our finding that Hg increased
in the frontal plane from the no load walking to the spelling DTs. Fur-
thermore, our second hypothesis that participants would prioritize
cognitive performance over balance control was supported by the
cognitive performance not changing between the ST and DT, sug-
gesting that participants prioritized cognitive performance over bal-
ance control during steady-state treadmill walking.

Spelling words backwards is a cognitive task with real-world
applications to conversation as it involves listening, processing
information and then verbalizing an answer (Hollman et al.,
2010). These steps involve attention and working memory, which
are also executive functions required during walking (Bonetti
et al.,, 2019). Reciting information backwards is a harder cognitive
task than reciting information forwards, which requires increased
working memory (Tamura et al., 2003) and leaves fewer cognitive
resources for controlling gait. Individuals also have less experience
performing a backwards spelling task, which is more novel and
challenging (Mclsaac et al., 2015). In contrast to spelling, attentive
listening is a low novelty and low complexity task, and thus should
produce little DT interference (Strayer and Johnston, 2001). Spel-
ling short 5-letter words backwards is a high novelty but low com-
plexity task, while spelling longer 10-letter words backwards is a
high novelty and high complexity task. These differences in spel-
ling tasks provided a range of DT interference to assess their influ-
ence on balance control.
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Table 2
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Results for gait measures for 1 m/s speed trials. a-f indicate pairwise Tukey post-hoc comparisons performed when the ANOVA produced significant interactions (p < 0.05).
a = comparison between no load and listening DT, b = between no load and short words DT, ¢ = between no load and long words DT, d = between listening DT and short words DT,
e = between listening DT and long words DT, f = between short words DT and long words DT. Bold indicates significance.

Variable Condition Mean + SD Group ANOVA p-value Comparisons p-value
Hg No load 0.0291 + 0.008 <0.001 a 0.065
Listen DT 0.0310 + 0.008 b, c <0.001
Short words DT 0.0324 + 0.01 d 0.268
Long words DT 0.0332 + 0.01 e 0.016
f 0.659
Step Width (m) No load 0.135+ 0.03 <0.001 a 0.994
Listen DT 0.136 + 0.03 b,c d e f <0.001
Short words DT 0.156 + 0.04
Long words DT 0.149 £ 0.04
Step Length (m) No load 0.589 + 0.04 <0.001 a 0.451
Listen DT 0.593 + 0.04 b 0.398
Short words DT 0.585 + 0.04 c 0.133
Long words DT 0.584 + 0.04 d 0.013
e 0.002
f 0.932
Swing Time (s) No load 0.386 + 0.02 <0.001 a 0.99
Listen DT 0.386 + 0.03 b 0.063
Short words DT 0.382 + 0.03 c 0.032
Long words DT 0.381 £ 0.03 d 0.027
e 0.013
f 0.995
Double Support Time (s) No load 0.406 + 0.03 <0.001 a 0.83
Listen DT 0.408 + 0.03 b 0.999
Short words DT 0.406 * 0.03 c 0.621
Long words DT 0.403 £ 0.03 d 0.809
e 0.167
f 0.647
Stance Time (s) No load 0.792 + 0.04 <0.001 a 0.833
Listen DT 0.795 + 0.04 b 0.303
Short words DT 0.789 + 0.05 c 0.014
Long words DT 0.786 + 0.04 d 0.05
e <0.001
f 0.587

4.1. Balance control

Frontal plane balance control decreased as the cognitive load
became more difficult (Fig. 1), presumably due to competition for
attentional resources with the increased cognitive demands. There
were changes in balance control between the spelling and no load
conditions, but Hg did not differ between the listening and no load
conditions. These results were consistent with others who found
little to no change in motor performance when passive listening
was added due to the ease of the secondary task in young healthy
adults (Bruce et al., 2019; Strayer and Johnston, 2001). While not
statistically significant, there was a trend of frontal plane Hg
increasing between the short and long word conditions (Fig. 1).
Hp did not change in the sagittal or transverse planes, which is con-
sistent with previous work suggesting that the frontal plane
requires more active control (Bauby and Kuo, 2000). These results
are also consistent with previous DT studies that used other mea-
sures of balance, such as coefficient of variation of step length, step
time and step width (Siragy and Nantel, 2020) and ML CoM dis-
placement (Kimura and van Deursen, 2020). These results add to
these studies that challenging DTs reduce an individual’s ability
to control their dynamic balance during walking.

4.2. Cognitive performance

There were no changes in spelling responses between ST and DT
in either the percent error or the response rate measures (Table 4).
These results are consistent with studies that saw no change in
cognitive performance during DTs on a treadmill (Paran et al.,
2020; Simoni et al., 2013). However, some studies observed

changes in cognitive performance during DTs (Li et al., 2014;
Plummer-D’Amato et al., 2008; Tisserand et al., 2018). For example,
the cognitive accuracy in counting backwards by n and reciting
alternating letters of the alphabet can diminish in older adults dur-
ing overground DTs (Li et al., 2014), and individuals post-stroke
have worsened speech production during overground walking
(Plummer-D’Amato et al., 2008; Tisserand et al., 2018). The dis-
crepancies in cognitive performance and prioritization throughout
these studies suggest that the type of DT and the constraint of a
treadmill may affect cognitive performance. Furthermore,
impaired populations, such as individuals post-stroke, may have
attention deficits that diminish the cognitive resources observed
in young healthy adults (Spaccavento et al., 2019).

4.3. Task-prioritization

During the two spelling conditions, participants prioritized cog-
nitive performance over balance control. Other studies have pro-
duced conflicting results as to whether individuals prioritize
their walking or cognitive performance. For example, young
healthy adults prioritized walking over cognitive performance
when adapting to split-belt treadmill walking when the belts move
at different speeds (Hinton et al., 2020) and during perturbed walk-
ing (Mersmann et al., 2013). However, both of these studies involve
motor tasks that are more complex than steady-state walking. One
study found that young healthy adults were able to maintain both
cognitive and motor performance during DT perturbed walking
(Paran et al., 2020). While this study increased the difficulty of
the motor task by increasing the surface perturbation magnitude,
our study kept the motor task the same while increasing the diffi-
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Table 3
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Results for gait measures for self-selected speed trials. a-f indicate pairwise Tukey post-hoc comparisons performed when the ANOVA produced significant interactions (p < 0.05).
a = comparison between no load and listening DT, b = between no load and short words DT, ¢ = between no load and long words DT, d = between listening DT and short words DT,
e = between listening DT and long words DT, f = between short words DT and long words DT. Bold indicates significance.

Variable Condition Mean + SD Group ANOVA p-value Comparisons p-value
Hy No load 0.0249 + 0.008 < 0.001 a 0.855
Listen DT 0.0255 + 0.008 b 0.002
Short words DT 0.0275 + 0.009 c e <0.001
Long words DT 0.0288 + 0.009 d 0.030
f 0.263
Step Width (m) No load 0.136 + 0.03 <0.001 a 0.999
Listen DT 0.136 + 0.03 b,ce f <0.001
Short words DT 0.145 + 0.04 d 0.290
Long words DT 0.149 + 0.04
Step Length (m) No load 0.696 + 0.05 0.062
Listen DT 0.699 * 0.05
Short words DT 0.698 * 0.05
Long words DT 0.696 + 0.05
Swing Time (s) No load 0.356 + 0.03 < 0.001 a 0.538
Listen DT 0.358 + 0.02 b 0.629
Short words DT 0.358 + 0.02 c 0.965
Long words DT 0.356 + 0.03 d 0.999
e 0.267
f 0.339
Double Support Time (s) No load 0.338 £ 0.03 0.126
Listen DT 0.338 £ 0.03
Short words DT 0.336 £ 0.03
Long words DT 0.337 £ 0.03
Stance Time (s) No load 0.695 * 0.05 < 0.001 a 0.823
Listen DT 0.697 + 0.05 b 0.999
Short words DT 0.695 + 0.05 c 0.926
Long words DT 0.693 + 0.05 d 0.890
e 0.448
f 0.870

culty of the cognitive load. Paran et al. (2020) found that young
healthy adults have enough cognitive reserves to recover from per-
turbed walking and count backwards by 7. Spelling backwards
appears to be a challenging enough task to cause a decrease in
the motor performance, where counting backwards or attentive
listening did not. Newer research suggests that the focus on main-
taining posture is adjusted based on the difficulty of the cognitive
or motor task, highlighting the flexible nature of prioritizing differ-
ent attentional resources (Yogev-Seligmann et al.,, 2012). In the
present study, the automaticity of steady-state treadmill walking
(Clark, 2015) and the high level of difficulty of the cognitive task
appeared to have caused the participants to place a higher priority
on the cognitive task. This allocation of attention resulted in poorer
balance control during steady-state walking.

The lack of performance decline in the listening condition sug-
gests that the interference from the spelling tasks is more likely
from the processing and verbalizing of the information instead of
listening to the auditory cue. However, the interaction of the pro-
cessing and verbalizing components of spelling in DTs remains
unclear. There is evidence that both verbalization and information
processing can cause DT interference (Armieri et al., 2009; Dault
et al., 2003). Thus, the inability to fully separate these components
is a limitation of our study. However, because the long word task
was significantly more challenging than the short word task, par-
ticipants likely spent a larger percentage of time processing the
information in the long word task, while they spent relatively more
time verbalizing the answers by completing more words per trial
in the short word task (Table 4).

The increase in the ML GRF peaks and changes in step width
during the spelling conditions together lead to the observed

changes in Hg, as ML GRFs and foot-placement directly influence
Hgr through their contributions to the external moment (e.g.,
Silverman and Neptune, 2011). Furthermore, we observed greater
differences in spatiotemporal metrics at the 1 m/s than at the SS
speed (Tables 2 and 3). The differences between speeds might be
because walking on a treadmill at one’s SS speed is more auto-
matic, while walking at a slower than one’s SS speed requires more
active control (Jordan et al., 2007; Szturm et al., 2013) and is more
likely to be affected by cognitive interference.
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Fig. 2. Average step width (m) for the no load and the three dual-task conditions for
the 1 m/s speed (a) and the self-selected (SS) speed (b). * indicates a significant
difference between the two conditions (p < 0.05). Error bars represent + 1 standard
deviation.
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Table 4
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4.4. Limitations

One potential limitation of this study was the constraints placed
upon the spatiotemporal measures by the treadmill since partici-
pants could not alter their walking speed in response to the DT.
However, the use of steady-state treadmill walking allowed for
the collection of a greater number of consecutive steps in each con-
dition, providing a more accurate assessment of our primary mea-
sure of balance control (Hg). Some spatiotemporal results had p-
values that came close to reaching the chosen alpha level of 0.05,
and might have proved significant if a larger sample size was eval-
uated. Future studies with larger sample sizes should investigate
these quantities further. Another limitation was the potential con-
founding influence of spelling verbalization on walking perfor-
mance, such as its impact on gait rhythm (Dault et al., 2003;
Plummer-D’Amato et al., 2008). Future work should focus on
separating verbalization and word processing in a spelling task to
determine the effects of each component on the DT. Furthermore,
due to the method in which the spelling words were presented
to the participants, we were not able to measure initial response
time to the words. Future studies should look into the initial
response time to learn about initiation of cognitive responses dur-
ing DTs. Finally, the cognitive results may have been influenced by
a learning effect from repeating the spelling backwards tasks.
However, a post-hoc linear regression model applied to the data
showed that no participants demonstrated any learning effect (av-
erage R-squared = 0.130, average p-value = 0.366).

5. Conclusion

Our results suggest that during DT walking, frontal plane balance
becomes worse as cognitive load increases in young healthy adults.
However, there appears to be a cognitive load threshold that is
exceeded before balance control is adversely affected. Furthermore,
the participants’ cognitive performance did not change between the
ST and DT, suggesting that young healthy adults may prioritize these
cognitive tasks over balance control during steady-state treadmill
walking. These results provide additional insight into the automatic-
ity of walking and task-prioritization in healthy young adults, which
provides the basis for future studies to determine differences in
aging and neurologically impaired populations.
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The cognitive results (mean * 1 standard deviation) for the short 5-letter word and long 10-letter word backwards spelling conditions during the single-task, the 1 m/s speed
dual-task and the self-selected (SS) speed dual-task. % error is the number of incorrect letters/total possible letters as a measure of accuracy. Correct response rate is the number
of correct letters per second as a measure of response time. Bold indicates significant difference from the associated long word trial (p < 0.05).

Single-Task 1.0 m/s Dual-Task SS Dual-Task

Short Long Short Long Short Long
% Error 13 11+10 2%4 8+11 2%5 11+11
Correct response rate (letters/s) 19*0.5 1.0+ 0.5 19 0.5 1.0+ 04 1.9 %0.6 1.1+04
Number of words per trial 29+03 29+03 39+1.0 22+0.6 49+1.0 2505
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Appendix A
Short words Long words
Ankle Abominable
Arrow Acceptable
Blaze Accomplice
Block Activation
Brown Ambassador
Chase Anesthesia
Clump Asexualize
Crazy Aspiration
Decaf Benefactor
Depth Biological
Dream Boisterous
Exact Brilliance
Fight Cantaloupe
Forum Capitalism
Frizz Chimpanzee
Giant Disqualify
Globe Earthquake
Japan Expectancy
Joker Jackhammer
Juicy Jaywalking
Knack Kickboxing
Lucky Mozzarella
Picky Polarizing
Plaza Puzzlement
Prize Quadruplex
Quack Quizmaster
Ready Rejuvenate
Whack Subjective
World Sympathize
Zebra Unequalize
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