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The Impact of Attentional Focus on Gait in Adults  
With Multiple Sclerosis: A Preliminary Investigation
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ABSTRACT
BACKGROUND: In the absence of gait automaticity, the need 
to allocate cognitive resources to walking has implications 
for everyday mobility and community participation. The 
purpose of this study was to examine the effects of different 
attentionally demanding conditions on gait metrics in people 
with multiple sclerosis (MS).

METHODS: Twenty-one individuals (11 with MS, 10 without  
MS)  wore  wi re less  ine r t ia l  sensors  and comple ted  
1-minute walking trials under 4 different attentional condi-
tions: no-attentional-instruction, focus on gait quality, atten-
tion to a narrative discourse task, and attentional switch-
ing. Walking trials were performed at a self-selected and  
fast-paced walking speed. A 3-way linear mixed model 
including conditions, groups, speeds, and interactions  
was used to evaluate the effects on gait speed and stride 
length variability.

RESULTS: Participants with MS demonstrated slower gait 
speed and greater gait variability in all attentional conditions 
than participants without MS. During self-paced walking, 
participants with MS showed the greatest decline in mobility 
metrics during the attentional switch condition. When walk-
ing fast, significant differences were observed for both the 
divided attention and attentional switching conditions, with 
divided attention having the greatest effect on gait speed 
and attentional switching resulting in the greatest decrease 
in gait variability. 

CONCLUSIONS: Difficult walking conditions, such as atten-
tional switching, elicit greater gait deficits in people with MS. 
Evaluating attentional switching may be useful for mobility 
assessment in people with MS, and incorporating this atten-
tional technique in future mobility training may improve sta-
bility and prevent falls.
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Well-controlled and coordinated walking is essential for 
safe and successful community mobility, with auto-
maticity—defined as the ability to walk with minimal 

reliance on attention-demanding cognitive resources—serving 
as a critical component of efficient gait.1 Automaticity allows 
individuals to walk without the need for continuous attentional 
monitoring, preserving cognitive capacity for navigating com-
plex and dynamic environments.1,2 When automaticity is com-
promised, walking becomes increasingly dependent on cogni-
tive control, resulting in competition for attentional resources 
and contributing to gait difficulties and impaired performance 
of concurrent tasks.3 This is particularly relevant for individuals 
with multiple sclerosis (MS), who often exhibit reduced walking 
automaticity4 and report needing to consciously direct attention 
to their walking in order to maintain stability.4-6 Such compen-
satory strategies are concerning, as attentional difficulties have 
been shown to negatively impact walking7 and are associated 
with increased fall risk in this population.7-9 Accordingly, under-
standing how attentional deficits influence gait has important 
real-world implications.

While research has reported that between 20% and 50% 
of adults with MS have specific attentional difficulties,10 

much of the attentional research regarding gait has focused 
on walking while dividing attention (ie, dual tasking).11-13 
Yet, to walk safely and successfully, individuals not only 
have to divide attention but must also be able to flexibly pri-
oritize and switch attention in accordance with the demands 
of everyday conditions and circumstances.14 Attentional 
switching denotes the ability to flexibly shift back and forth 
between multiple tasks or mental sets.15 Recent research has 
sought to examine outcomes associated with flexible and 
adaptive attentional control in individuals with MS through 
task-switching paradigms. Migliore et al16 found that partici-
pants with MS demonstrated greater deficits in attentional 
switching compared with the control group when complet-
ing a computer-based cued-switching task while seated. 
However, research by Shiri and colleagues17 found no rela-
tionship between cognitive flexibility and static balance in 
study participants when attentional switching was assessed 
via common neuropsychological measures. Notwithstanding 
the methodological differences and inconsistencies across 
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these 2 studies, no study to date has specifically investigated 
whether impaired attentional switching influences walking 
in people with MS. 

During walking, competition for attentional resources is 
influenced not only by the timing of concurrent tasks but 
also by their complexity—that is, tasks that demand greater 
cognitive load or involve more advanced mental processes.18 
Individuals with MS tend to have a reduced capacity to recruit 
additional cognitive resources in response to increasing task 
complexity.19 Moreover, gait impairments can often be exacer-
bated at faster walking speeds,20 highlighting the importance 
of understanding how individuals with MS manage atten-
tional switching across varying gait speeds. This is particularly 
important given the demands of real-world ambulation, where 
navigating busy or unpredictable environments often requires 
rapid shifts in attention and adaptive motor responses.

Given the importance of cognitive resources for optimal gait 
performance, isolating the effects of cognitive flexibility from 
other cognitive processes and under differential cognitive 
loads may further the development of novel therapeutic inter-
ventions designed to enhance attentional switching and facili-
tate gait automaticity in people with MS. As such, the purposes 
of this study were to compare the effects of divided attention 
and attentional switching on gait in adults with and without 
MS and to explore the differential effects of these attentional 
conditions when walking at self-selected or fast-paced speeds.

METHODS
Participants
A convenience sample of 11 individuals with MS and 10 with-
out MS (NoMS) was recruited. An email invitation was sent to 

individuals with MS listed in the authors’ research database 
who had participated in previous research. Additionally, a flyer 
was posted in the multiple sclerosis center of the local medical 
center. Those with MS had to self-report (1) physician-diagnosed 
MS and (2) minimal to moderate disability (a score of 1-4 on the 
Patient-Determined Disease Steps [PDDS] scale).21 Individuals 
with MS were excluded if they had (1) a severe exacerbation 
of symptoms requiring medical intervention in the previous 
month or (2) any health condition or diagnosis besides MS that 
could influence balance or ambulation. Participants without MS 
were matched by age (±3 years) and sex, and also had to report 
no health condition or diagnoses affecting balance or ambula-
tion. This study was approved by the Institutional Review Board 
of the University of Vermont, and all participants provided writ-
ten consent prior to data collection.

Measures
Demographic data included age, sex, years post diagnosis, 
and MS phenotype. For additional insight into the sample, 
cognitive functioning was assessed using the Symbol 
Digit Modalities Test (SDMT) and the Montreal Cognitive 
Assessment (MoCA). The SDMT, a reliable and valid measure 
of cognitive impairment in MS,22 evaluates constructs of atten-
tion, perceptual processing, working memory, and psychomo-
tor speed through a timed task of matching abstract symbols to 
numbers. The MoCA is a sensitive and useful cognitive screen-
ing tool used to detect early and mild cognitive impairment in 
people with MS.23,24 It assesses function across the cognitive 
domains of attention, executive functions, memory, language, 
visuo-constructional skills, conceptual thinking, calculations, 
and orientation. 

15 sec 30 sec 45 sec

IF DA IF DA

25 feet

NI: Gave no attentional instruction and simply asked to walk back and 
forth for 1 minute. 

IF: Instructed to focus their attention on the quality of their gait                     
for 1 minute.

DA: Instructed to walk while simultaneously completing a narrative 
discourse task for 1 minute. 

No attentional instruction (NI)

Internal focus (IF)

Divided attention (DA)

Attentional switching (AS)

1-minute walk
(1) Self-paced

(2) Fast-paced

FIGURE. Description of Walking Trials
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Mobility impairment was measured with the 12-item 
Multiple Sclerosis Walking Scale, a reliable and valid instru-
ment,25 whereby participants self-report how much their MS 
impacts their ability to walk under various circumstances. The 
Falls Efficacy Scale–International26 was used to assess partici-
pant concerns about falling during 16 activities of daily living.

Measurements of continuous walking were derived using 
APDM Opals, small wireless inertial motion sensors, and its 
related Mobility Lab software (Clario). Sensors were placed 
on a participant’s lumbar spine, sternum, and both feet. Data 
from the Opal sensors were collected wirelessly at 128 Hz. 
Measurements included gait speed (m/s) and stride length 
variability, which was expressed as the coefficient of varia-
tion (CV [%]) and calculated by stride length SD/stride length 
mean to represent relative gait variability.27 These metrics 
have been identified as sensitive measures of dual-task 
mobility impairment in individuals with MS.20 

Procedures
Participants completed eight 1-minute trials walking between  
2 lines 25 feet apart. The 8 walking bouts consisted of 4 differ-
ent attentional conditions at both a self-paced (SP) and a fast-
paced (FP) walking speed. For the no-attentional-instruction 
(NI) condition, participants were simply asked to walk back 
and forth. For the internal-focus (IF) condition, participants 
were instructed to focus their attention on their gait through-
out the walking bout, a task selected based on research high-
lighting the impact of internally focused attention on daily 
walking in individuals with MS.5 In the divided-attention (DA) 
condition, participants were asked to walk while simultane-
ously completing a narrative discourse task, which required 
them to verbally produce a detailed and coherent story in 
response to an open-ended prompt (eg, “trip to New York City”) 
while walking, or a similarly structured alternate form (eg, 
“moving to a new city”).28 This task has been shown to be a 
cognitively demanding task of natural language formulation, 
planning skills, and discourse production requiring substan-
tial attentional resources.29 In the attentional-switching (AS) 

condition, participants were instructed to switch their atten-
tion every 15 seconds between the IF and DA tasks throughout 
the 1-minute bout, allowing for an assessment of their ability 
to flexibly shift attention between internally and externally ori-
ented tasks—an ability that mirrors the dynamic attentional 
demands of real-world environments (FIGURE). All walking tri-
als and discourse topics were randomized across participants 
to minimize order effects. Participants were instructed to rest, 
as needed, between trials to minimize the impact of fatigue 
from both the mobility and cognitive components of the test-
ing paradigm.

Analysis
Descriptive statistics were performed to examine group dif-
ferences with independent t test, Wilcoxon rank-sum test, 
or Fisher exact test after inspection of normality. To evalu-
ate the effects of attentional conditions and walking speeds 
on gait metrics (gait speed and stride length variability), we 
employed a 3-way linear mixed model including attentional 
conditions (NI, IF, DA, AS), groups (MS, NoMS), speeds (SP, 
FP), and interaction terms (group × condition, group × speed, 
condition × speed, group × condition × speed) as fixed effects 
with participants as random effects to allow for the entry 
point to vary across participants. A linear mixed model was 
selected, as it accounts for the heterogeneity and correlation 
of repeated measures under different conditions and retains 
participants with partially missing data. Effect sizes and  
95% CIs of the linear mixed model were calculated using 
fixed-effects regression coefficients. All analyses were per-
formed using Stata 17 (StataCorp), and statistical significance 
was set at P < .05. 

RESULTS
There were no significant differences in age (P = .27) or 
sex (P = .99) between participants with and without MS. 
Participants with MS had greater concerns about falling 
(P < .001) than those without MS and lower cognitive function-
ing than the NoMS group, as indicated by SDMT (P = .005) and 

TABLE 1. Participant Demographics 
MS

(n = 11)
NoMS
(n = 10) P

 Mean ± SD or 
frequency (%)

Mean ± SD or percentage 
(%)

Age (years) 63.5 ± 9.9 60.7 ± 7.9 .27
Sex (n, % female) 8 (73%) 7 (70%) .99

Falls Efficacy Scale–International 35.1 ± 10.9 18.7 ± 3.1 < .001

Montreal Cognitive Assessment 26.1 ± 1.6 28.3 ± 1.6 .005
Symbol Digit Modalities Test 36.1 ± 7.1 52.7 ± 3.1 < .001
Phenotype 4 RR (36%), 7 SP (63%) - -
Years of diagnosis (years) 24.1 ± 12.8 - -
PDDS (mdn) 3 - -
Multiple Sclerosis Walking Scale-12 56.5 ± 26.7 - -
mdn, median; MS, participants with multiple sclerosis; NoMS, participants without multiple sclerosis; PDDS, Patient-Determined Disease Steps;  
RR, relapsing-remitting; SP, secondary progressive.
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MoCA (P < .001) scores. The MS group reported a median PDDS 
score of 3 (ie, gait disability) and average years post diagnosis 
of 24.1 ± 12.8 (TABLE 1).

The 3-way linear mixed model found significant group 
effects (P < .05) in both gait metrics. Participants with MS 
showed significantly lower gait speed and greater stride 
length variability than participants without MS in all atten-
tional conditions, regardless of speed instructions, except 
for stride length variability in the fast-paced internal-focus 
condition (TABLE 2).

We also observed significant speed main effects (P < .05) 
in both groups. Multiple post hoc contrast comparisons 
indicated that participants significantly increased their gait 
speed when instructed to walk at a faster speed. However, 
no significant differences in gait speed were found between 
self-paced and fast-paced walking in the divided-attention 
condition for participants with MS. Unlike gait speed, stride 
length variability did not differ among walking speeds across 
attentional conditions (Table 2).

Results revealed different patterns of attentional condi-
tion main effects based on speed instruction and group. In 
self-paced walking, there were significant attentional con-
dition main effects on gait speed in the NoMS group, but 
not in participants with MS (FIGURE S1). No significant gait 
speed differences were observed across any of the attentional 

conditions in participants with MS. The NoMS group, on 
the other hand, showed the greatest decline in gait speed 
in the attentional-switching condition compared to the 
no-attentional-instruction condition (B = –0.13 m/s; 95% CI,  
–0.20 to –0.06; P  < .001) and the divided-attention con-
dition (B = –0.09 m/s; 95% CI,  –0.17 to –0.01; P  = .024). 
Compared to gait speed, however, we observed that the  
attentional-switching condition resulted in the greatest 
stride length variability in both groups at the self-selected 
pace. Participants with MS demonstrated significantly 
greater gait variability in the attentional-switching condition 
than in the no-attentional-instruction condition (B = 1.28%; 
95% CI, 0.18-2.37; P = .022) and the internal-focus conditions 
(B = 1.67%; 95% CI, 0.03-3.31; P = .043), whereas the NoMS 
group had greater variability in the attentional-switching 
condition compared to the divided-attention condition 
(B = 1.23%; 95% CI, 0.08-2.38; P = .036).

In fast-paced walking, both groups demonstrated the slow-
est gait speed in the divided-attention condition (P < .01) 
(FIGURE S2). For the MS group, the divided-attention condi-
tion (B = –0.20 m/s; 95% CI, –0.28 to –0.12; P < .001) resulted in  
slower walking speed than in the attentional-switching 
condition (B = –0.16 m/s; 95% CI, –0.23 to –0.08; P < .001) 
when compared to the no-attentional-instruction condi-
tion. For the NoMS group, both the divided-attention and 

TABLE 2.  Within- and Between-Group Differences in Gait Metrics

MS
(n = 11)

MS
Within-
group 

difference

NoMS
(n = 10)

NoMS
Within-group 

difference

SP
Between-group 

difference

FP
Between-group 

difference

Tasks Gait metrics SP FP B (95% CI) SP FP B (95% CI) B (95% CI) B (95% CI)

NI

Gait speed 
(m/s)

0.87 ± 
0.2

1.10 ± 
0.2

0.21
(0.13-0.28)

1.23 ± 
0.2

1.58 ± 
0.2

0.36
(0.27-0.44)

–0.36
(–0.55 to –0.17)

–0.50
(–0.69 to –0.31)

Stride length 
variability (%)

5.21 ± 
1.6

4.62 ± 
1.4

–0.59
(–1.68 to 0.50)

3.09 ± 
1.1

2.89 ± 
1.7

–0.14
(–1.33 to 1.04)

2.11
(0.55-3.68)

1.67
(0.08-3.26)

IF

Gait speed 
(m/s)

0.87 ± 
0.3

1.00 ± 
0.3

0.16
(0.08-0.24)

1.17 ± 
0.2

1.54 ± 
0.2

0.37
(–.28 to 0.45)

-0.33
(–0.52 to –0.14)

-0.53
(–0.73 to –0.34)

Stride length 
variability (%)

4.78 ± 
2.3

4.71 ± 
1.7

–0.14
(–1.30 to 1.02)

2.90 ± 
1.1

3.89 ± 
2.2

0.99
(–0.16 to 2.14)

1.93
(0.34-3.51)

0.80
(–0.79 to 2.38)

DA

Gait speed 
(m/s)

0.86 ± 
0.2

0.91 ± 
0.2

0.03
(–0.04 to 0.12)

1.19 ± 
0.2

1.38 ± 
0.3

0.19
(0.11-0.27)

–0.35
(–0.54 to –0.16)

–0.50
(–0.69 to –0.31)

Stride length 
variability (%)

5.30 ± 
2.1

5.93 ± 
2.1

0.61
(–0.58 to 1.80)

2.72 ± 
0.8

3.03 ± 
0.9

0.31
(–0.83 to 1.46)

2.76
(1.17-4.34)

3.06
(0.98-4.67)

AS

Gait speed 
(m/s)

0.81 ± 
0.2

0.93 ± 
0.3

0.12
(0.04-0.20)

1.10 ± 
0.2

1.46 ± 
0.2

0.36
(0.28-0.44)

–0.30
(–0.49 to –0.11)

–0.54
(–0.73 to –0.35)

Stride length 
variability (%)

6.49 ± 
2.0

7.09 ± 
2.7

0.57
(–0.55 to  1.70)

3.95 ± 
1.1

4.64 ± 
2.9

0.69
(–0.46 to 1.84)

2.54
(0.98-4.10)

2.42
(0.83-4.01)

AS, attentional switching; DA, divided attention; FP, fast-selected pace; IF, internal focus; MS, participants with multiple sclerosis; NI, no attentional instruction; 
NoMS, participants without multiple sclerosis; SP, self-selected pace. 
Note: Bold denotes significant differences.
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attentional-switching conditions significantly differed 
from the other conditions and one another (B = –0.08 m/s;  
9 5 %  C I ,  – 0 . 1 6  t o  – 0 . 0 0 1 ;  P  =  . 0 4 7 ) ,  a l t h o u g h  t h e  
divided-attention condition had the greatest effect on 
speed. For the MS group, while the divided-attention con-
dition elicited greater stride length variability than the  
no-attentional-instruction (B = 1.47%; 95% CI, 0.30-2.63; 
P  = .013) and the internal-focus conditions (B = 1.41%;  
95% CI, 0.23-2.59; P = .019) during fast-paced walking, atten-
tional switching had the greater impact on this outcome 
than did the divided-attention condition. Consistent with 
the MS group, the attentional-switching condition also 
revealed the greatest stride length variability across the 
attentional tasks for the NoMS group, with significant differ-
ences observed between the attentional switching and the  
no-attentional-instruction conditions (B = 1.69%; 95% CI, 
 0.50-2.87; P = .004) as well as the attentional-switching and 
divided-attention conditions (B = 1.61%; 95% CI, 0.46-2.75; 
P = .006).

Despite significant group and condition main effects, there 
were no significant group × condition interaction effects 
(P > .05) in either gait metric, as both groups showed similar 
patterns across attentional conditions. This insignificant find-
ing indicated that the participants who did and did not have 
MS responded similarly to the varying attentional contexts.

Multiple contrasts analyses for the significant condi-
tion × speed interaction effect on gait speed (MS: P = .002; 
NoMS: P = .005) revealed significant differences between the  
no-attentional-instruction and the divided-attention 
conditions in both groups (FIGURE S3). Specifically, par-
ticipants with and without MS maintained gait speed 
in the divided-attention condition compared to the  
no-attentional-instruction condition while self-paced walk-
ing. However, participants in both groups had decreased gait 
speed while fast-paced walking in the divided-attention con-
dition compared to the no-attentional-instruction condition, 

contributing to the significant interaction effects. There was 
no significant condition × speed interaction effect for stride 
length variability.

Significant group × speed interactions and multiple con-
trast comparisons in gait speed (NI: P = .009; IF: P < .001; 
DA: P = .007; AS: P < .001) showed that the magnitude of gait 
speed differences between groups increased when walking 
at a fast pace compared to the self-selected pace under all 
attentional conditions (FIGURE S4). There were no significant 
group × speed interaction effects for stride length variability. 
Additionally, no significant group × condition × speed inter-
action effects were seen in either gait metric.

DISCUSSION
Moving through daily life requires the ability to flexibly switch 
attention between walking and other cognitive tasks or across 
varied environmental situations. For individuals with MS, 
walking requires greater attentional resources,30 and this can 
present a considerable challenge and an increased fall risk. The 
results of this study indicate that alterations in gait speed and 
gait variability are sensitive to varying attentional demands; 
the greatest decrements in gait quality occurred when par-
ticipants walked faster and engaged in attentional switching. 
These findings extend prior research highlighting the critical 
role of attention in mobility among individuals with MS.31 
Importantly, our results offer novel insights into mobility 
decline specifically related to attentional switching—an eco-
logically valid cognitive demand that reflects real-world chal-
lenges in everyday ambulation.

Consistent with previous MS research,20 participants with 
MS had slower gait speed and greater stride length variabil-
ity compared to their counterparts without MS. As has been 
observed previously,32 participants with MS demonstrated 
twice as much variability in their gait as the participants 
without MS. Our MS sample also had slower cognitive pro-
cessing speed, known to correlate with greater gait variabil-
ity.33,34 Gait speed differences between groups were greater 
at a fast pace than at a self-selected pace, aligning with prior 
findings that fast walking reveals more pronounced deficits 
in individuals with MS.20 Collectively, participants with MS 
showed worse gait deficits than those without MS, regardless 
of attentional condition, and greater gait decrements were 
elicited in their fast-paced walking in this population.

When examining between-group differences, results were 
significant for all conditions except for internal focus while 
walking fast. While both groups showed variability, the 
underlying cause may differ. Whereas the gait variability 
observed in the MS group could be attributable to neuromo-
tor and cognitive deficits, the variability seen in the NoMS 
group may have been a function of redirecting unnecessary 
attentional resources inward to their walking. Research find-
ings show that internal focus on one’s movement pattern, 
thus bringing it under more conscious control, can interfere 
with already automatized movement control processes.35 
Given that motor function was not directly assessed in the 
adults without MS, it is unclear if the observed variability in 

PRACTICE  
POINTS

Walking while directing attention to other cogni-
tively demanding tasks can negatively impact gait 
stability in people with multiple sclerosis.

Interventions targeting mobility should include 
attentional switching tasks to improve real-world 
ambulation and reduce fall risk.  ■
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gait was indeed a function of attentional focus or of preexist-
ing motor deficits. Future research is needed to more clearly 
elucidate these differences.

Although participants with MS exhibited worse gait speed 
and stride length variability than participants without MS, 
both groups showed relatively similar patterns of reduc-
tions in gait in response to attentional condition, resulting 
in insignificant group x condition interactions. Our finding 
is supported by recent evidence that suggests that there is 
only a minimal difference in cognitive-motor interference 
between individuals with and without MS.36 This further 
indicates that attentional conditions, particularly DA and AS, 
required effort from both groups and led to similar levels of 
cognitive-motor interference on gait. However, this should 
be interpreted with caution, given that this study did not 
assess cognitive performance during the DA and AS tasks to 
determine if there was a greater cost to the cognitive task in 
individuals with MS.

When examining within-group differences across the 
attentional conditions at a self-selected pace, the MS group 
exhibited no significant differences in gait speed. While 
speculative, previous research supports the idea that these 
participants may have employed increased cortical activity 
needed to maintain gait speed under the various attentional 
conditions or that the cost of dividing or switching attention 
may have negatively impacted the unmeasured cognitive task 
rather than the observed motor task.29,30 However, for par-
ticipants without MS, when walking at a self-selected speed, 
the slowest gait speed occurred when engaging in attentional 
switching. It has been shown that as individuals age and 
mobility becomes more dependent on executive control, 
attentional switching produces high cognitive-motor inter-
ference and is a detriment to gait speed.37 These observed 
gait speed patterns, however, differed for both groups when 
walking faster, with the slowest gait speed occurring when 
participants divided their attention. For those with MS, this 
may have been due to the constant attention, and thus higher 
cognitive-motor demand, necessitated by both the concur-
rent cognitive task and the more challenging task of walking 
fast. Although there was also a significant difference in speed 
during the AS condition, attentional switching likely allowed 
at least some attention to be intermittently redirected back to 
an internal focus on walking with less cost to speed. For the 
NoMS group, the divided-attention condition also had the 
greatest impact on gait speed compared to all other atten-
tional conditions, further supporting the increased need for 
executive control of gait when walking in more challenging 
situations, such as at a faster pace.

The differences regarding gait variability were greater 
when participants walked at either their self-selected or 
fast pace. Most noteworthy was the fact that the greatest 
variability for both groups was observed with attention 
switching rather than dividing attention. For those with 
MS, only attentional switching resulted in a significantly 
more variable gait when walking at a self-chosen pace. 
Whereas both divided attention and attention switching 

significantly impacted gait variability at the faster pace, 
the greatest decrease in gait variability occurred during 
the attention switching condition. Gait variability was also 
impacted by attentional switching in the NoMS group and 
was also the most pronounced in the fast-pace condition. 
This is in contrast to current research involving healthy 
older adults,12,38 which found that pace-related parameters, 
such as gait speed, were more closely associated with atten-
tion switching than variability-related parameters. The dif-
ference could be due to how and when attention switching 
was assessed. Our study observed the effects of attentional 
switching during gait and may reveal more ecological and 
important insights, as an inconsistent and unstable gait pat-
tern has been shown to be a more sensitive indicator of fall 
risk than other gait metrics.39 Nevertheless, our results offer 
insight into the underpinnings of this previous research and 
advance support for the increasing challenge of attentional 
switching while walking, especially at a fast pace and in 
terms of gait variability.

Strengths and Limitations
The effects of different attentional conditions at varying walk-
ing speeds have important ecological and practical implica-
tions. The gait parameters examined, especially stride length 
variability, offer insight into the differential consequences 
underpinning gait deficits during attentionally demanding 
tasks in people with MS. Additionally, employing ecologi-
cally valid cognitive tasks may contribute to the generalizabil-
ity of our findings beyond those traditionally obtained from  
laboratory-based cognitive assessments.40

Nonetheless, some limitations exist. The relatively small 
sample with a narrow range of disability may not be rep-
resentative of the larger MS population. Our study did not 
assess performance on a discourse task, leaving the cognitive 
cost of multitasking unknown. It was difficult to accurately 
assess where participants actually directed their attention 
when given no instruction or asked to internally focus. 
Finally, although this study aimed to enhance ecological 
validity within lab-based assessments, prior research has 
highlighted the constraints of laboratory walking tasks in 
capturing the complexity of real-world ambulation41 that is 
influenced by multiple interacting factors.42 While our atten-
tional conditions were designed to reflect common cogni-
tive demands, they may not fully replicate the dynamic and 
unpredictable nature of attentional challenges encountered 
during everyday walking.

CONCLUSIONS
Our data show that participants with MS had slower gait speed 
and greater gait variability than those without MS in all atten-
tional conditions. Notably, we found that difficult walking 
conditions, such as attentional switching, elicited greater gait 
deficits, especially related to gait variability in persons with 
MS, and these deficits became profound in fast-paced walking. 
Thus, this study demonstrates the value of evaluating atten-
tional switching for mobility assessment in people with MS 
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and the need to incorporate this attentional technique in future 
mobility training to improve stability and prevent falls. ■
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FIGURE S1. Self-Paced Walking by Attentional Condition

AS, attentional switching; DA, divided attention; IF, internal focus; MS, study 
group with multiple sclerosis; NI, no attentional instruction; NoMS, study group 
without multiple sclerosis.  
Note: *denotes P < .05 **denotes P < .01 ***denotes P < .001
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FIGURE S2. Fast-Paced Walking by Attentional Condition

AS, attentional switching; DA, divided attention; IF, internal focus; MS, study 
group with multiple sclerosis; NI, no attentional instruction; NoMS, study group 
without multiple sclerosis.  
Note: *denotes P < .05 **denotes P < .01 ***denotes P < .001
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FIGURE S4. Group x Speed Interaction Effects

FP, fast pace; MS, study group with multiple sclerosis; NoMS, study group without multiple sclerosis; SP, self-selected pace.
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FIGURE S3. Task x Speed Interaction Effects

FP, fast pace; MS, study group with multiple sclerosis; NoMS, study group without multiple sclerosis; SP, self-selected pace.


