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Abstract 

BACKGROUND: Dual-task mobility performance is compromised after stroke.    

AIM: This study evaluated how the difficulty level of mobility and cognitive tasks influenced the 

cognitive-motor interference pattern among individuals with chronic stroke and whether it differed from 

age-matched control participants.   

DESIGN: A cross-sectional study.   

SETTING: University laboratory.   

POPULATION: Individuals with chronic stroke and age-matched controls.   

METHODS: Sixty-one individuals with chronic stroke (mean age: 62.9±7.8 years) and 32 controls (mean age: 

61.0±7.3 years) performed three mobility tasks (forward walking, obstacle-crossing, backward walking) and 

two cognitive tasks (serial-3-subtractions, serial-7-subtractions) in single-task and dual-task conditions. time to 

complete the mobility tasks and correct response rates were recorded.     

RESULTS: Serial subtractions significantly increased the walking time compared to single-task walking 

(p<0.001) without decreasing the correct response rate (p>0.05) in both groups, indicating cognitive-related 

motor interference. As the difficulty of the walking task was increased (i.e., obstacle crossing), the dual-task 

effect on the walking time was similar to that observed during forward walking, but the correct response rate 

significantly decreased (p<0.05), indicating that more attentional resources were allocated to the mobility task. 

When the walking task difficulty level increased further (i.e., backward walking), an exaggerated increase in the 

walking time (p<0.001) was observed in both groups, but the stroke group also had a decreased correct response 
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rate (p<0.001), indicative of a mutual interference pattern. The control group, however, maintained the correct 

response rate (p>0.05) despite the slowed walking speed in this condition (p<0.001).   

CONCLUSIONS: The degree of dual-task interference and task prioritization strategies are highly specific to 

the combinations of the walking and cognitive tasks used and are affected by the presence of stroke. 

CLINICAL REHABILITATION IMPACT: The study results may provide the basis for establishing 

assessment tools and creating intervention programs that address dual-task mobility function post-stroke.  
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Introduction 

Ambulation is an important functional activity that provides a sense of independence and inclusion in the 

community,1 and it is one of the top priorities identified in rehabilitation goal setting by individuals after stroke.2 

Functional ambulation requires the ability to maintain walking performance while engaging in other tasks that 

demand attentional resources, such as walking while holding a conversation or walking in a busy shopping mall. 

The ability to perform a cognitive task while walking (i.e., dual-tasking) has gained increasing attention in 

stroke rehabilitation.3 

When a mobility task is performed simultaneously with a cognitive task, there may be deterioration in the 

performance of one or both tasks compared with the performance of each task alone. This phenomenon is called 

cognitive-motor interference.3 According to the limited capacity model, one’s attention has a finite capacity.3-4 

In dual-task scenarios, both mobility and cognitive tasks may compete for the same attentional resources, and 

the uncompromised performance of dual tasks only occurs if the limit in attentional resources is not exceeded.5-7 

The extent of interference varies in different dual-task conditions because of the different mechanisms involved 

in executing various attention-demanding tasks.8 

Mounting evidence has shown that cognitive-motor interference is compromised in individuals 

post-stroke,1,9 but few studies have compared the interaction effects between different mobility and cognitive 

tasks. Plummer-D’Amato et al. assessed how adding a walking task would affect performance during three 

cognitive tasks (i.e., visuospatial, working memory, and spontaneous speech) in individuals post-stroke, and 

found that interference effects were apparent in spontaneous speech only.10 More recently, Patel & Bhatt et al. 

evaluated the effects of adding different types of cognitive tasks (i.e., serial subtraction, Stroop test, and 

visuomotor reaction time task) during walking.1 The highest motor cost was found for the serial subtraction task, 
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whereas the highest cognitive cost was found for the visuomotor reaction time task. In both studies, the sample 

size was small (13 and 10 respectively). A control group was also lacking. It is thus uncertain whether the 

findings are specific to stroke. Only one walking task was evaluated, with no variation in its difficulty level. The 

cognitive tasks used were of different domains of cognitive function and may involve different neural 

substrates.11-21 However, it is not certain whether the difference in the difficulty level of the cognitive task or the 

difference in the cognitive domain explains the difference in the degree and pattern of cognitive-motor 

interference across the different cognitive test conditions.22 The influence of varying the difficulty level of tasks 

that belong to the same domain of cognitive function has not been assessed previously. It would also be 

interesting to assess how mobility and cognitive tasks interact to determine the degree and pattern of 

cognitive-motor interference. 

The objective of this study was to evaluate how the difficulty level of mobility and mental tracking tasks 

influences the cognitive-motor interference patterns during dual-task conditions among individuals with chronic 

stroke and how these patterns were different from individuals without a stroke history. We hypothesized that the 

difficulty levels of the mobility and mental tracking tasks would interact with each other in determining the 

dual-task interference on mobility and mental tracking performance and that the dual-task interference patterns 

in individuals with stroke would differ from their counterparts without a stroke history. 

 

Methods 

Participants 

Participants were recruited from community stroke self-help groups via convenience sampling. Inclusion 
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criteria were as follows: 1) a diagnosis of hemispheric stroke in the chronic stage (onset ≥6 months), 2) age ≥50 

years, 3) community-dwelling individuals, 4) able to follow two-stage commands, 5) able to ambulate without 

manual assistance for at least 15 meters (with or without walking aids). Exclusion criteria were as follows: 1) 

those with receptive or expressive aphasia, 2) other diseases or conditions influencing walking and balance, and 

3) those with pain during standing or walking. Healthy older adults were also recruited to establish the control 

group. The same eligibility criteria were applied other than a history of stroke. 

This study was approved by the Human Ethics Research Subcommittee of the involved university 

(approval number: HSEARS20130209002-01). Informed consent was obtained from all participants before data 

collection. All experiments were conducted in accordance with the Declaration of Helsinki. 

Demographics 

The medical history and other relevant information were obtained by interviewing the participants. The 

Geriatric Depression Scale-Short Form was used to evaluate the severity of depressive symptoms.23 The 

Montreal Cognitive Assessment (MoCA) was used to assess cognitive function.24 The Chedoke-McMaster 

Stroke Assessment was used to evaluate the degree of motor impairment of the affected lower extremity.25 The 

disability level was assessed by the Modified Rankin Scale.26 

Mobility tasks 

Three walking tasks with an increasing level of difficulty were used. A 14-meter walkway was used for all 

3 walking tasks. The time taken (in seconds) to complete the middle 10 meters of the walkway was recorded 

using a stopwatch, and this time was used as an indicator of how well the participants performed the following 

walking tasks. 



7 

 

(1) Forward walking: Participants walked along a 14-meter walkway in a forward direction.27 

(2) Obstacle crossing: The testing protocol was adapted from the studies by Takatori et al. and Said et al.28,29 

Participants crossed a series of obstacles when walking forward. Seven obstacles (length 80 cm, width 5 cm, 

height 4 cm) were placed along the middle 10 meters of the walkway, with a distance of 1.5 meters between 

each obstacle (Figure 1). 

(3) Backward walking: Participants walked in a backward direction along the same 14-meter walkway without 

obstacles. 

Cognitive tasks 

The serial-3 subtraction task and serial-7 subtraction task, representing two levels of difficulty in the 

mental tracking domain of cognitive function,30 were used in our testing paradigm.31,32 Participants were asked 

to repeatedly subtract 3 or 7 from a random number between 90 and 100. The number of correct answers was 

counted. 

The correct response rate (CRR) was used as an indicator of how well participants performed the serial 

subtraction tasks. The CRR was calculated as follows.31-34 

CRR = (number of correct responses ÷ walking time) × 100% 

This study included six dual-task conditions (a mobility task with three levels of difficulty × a cognitive 

task with two levels of difficulty). Yang et al. used the same walking and cognitive tasks and found that the 

dual-task walking time and CRR measurements had good reliability.35 
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Assessment of single-task and dual-task performances 

Each participant performed the aforementioned walking tasks in a single-task condition (i.e., without a 

cognitive task), followed by a dual-task condition (i.e., simultaneous performance of a mobility task and 

cognitive task). The sequence of the walking and cognitive tasks was randomized by drawing ballots. The order 

of the walking tasks was randomized first, followed by the order of the cognitive tasks. For each dual-task 

assessment, the following instruction was given: “Please perform both tasks as best as possible.” Before data 

collection, the testing procedures were thoroughly explained and a practice trial was provided to familiarize 

participants with the tasks and assessment procedures. A 2-minute rest period was provided after each testing 

condition to minimize physical and mental fatigue. A longer period was given upon request by the participants. 

Four of the participants used a cane during testing for all mobility tasks in both single- and dual-task conditions 

(Table 1).  

To avoid mental rehearsal for the dual-task assessments, the specific starting number for the serial-3 or 

serial-7 subtraction task was not revealed to the participants until they approached the beginning of the 10-meter 

walking distance. The starting number used in the practice trial was not used in the actual trial. 

After the aforementioned assessments were completed, participants were asked to perform the same 

cognitive task in a sitting position (i.e., a single-task condition). The time given to perform a specific cognitive 

task during a single-task condition was matched to that in the corresponding dual-task condition. For example, if 

it took the participant 25 seconds to complete the backward walking task while performing serial-3 subtractions, 

25 seconds would also be given for serial-3 subtractions under single-task condition. As there were three 

dual-task combinations for each of the serial-3 and serial-7 subtraction tasks, each with a different walking time, 

three different CRR values were generated for each of the cognitive tasks under the single-task condition. The 
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entire experimental session lasted approximately 1.5 hours. 

Sample size calculation 

Hyndman et al.9 compared the walking performance under single-task and dual-task conditions (in 

conjunction with remembering a shopping list) between stroke patients (n=35) and age-matched controls (n=24). 

A significant interaction between task condition and group was found, with medium effect size (f=0.275). A 

similar effect size was assumed for this study. Based on an α value of 0.05, a power of 0.8, f=0.275, and 3 

walking tasks, a sample of 20 participants (10 per group) would be required to detect walking task × group 

interaction effect. As there were 3 different cognitive test conditions (single-task, serial-3-subtractions, and 

serial-7-subtractions), we aimed to recruit a minimum of 30 (i.e., 10 × 3) individuals with stroke and 30 healthy 

controls.  

Statistical analysis 

All statistical analyses were conducted using SPSS software (version 20.0, IBM Corp., Armonk, NY, USA). 

The level of significance was set at p≤0.05. First, for each of the stroke and control groups, a two-way ANOVA 

with repeated measures [within-subject factors: cognitive task (three levels: no cognitive task vs. serial-3 

subtractions vs. serial-7 subtractions) and mobility task (three levels: forward walking vs. obstacle crossing vs. 

backward walking)] was done to assess the difficulty level of the cognitive task and that of the mobility task and 

their interactions with walking time. Another two-way ANOVA with repeated measures was used to determine 

the influence of these same factors on the CRR [within-subject factors: cognitive task (four levels: single-task 

serial-3 subtractions vs. single-task serial-7 subtractions vs. dual-task serial-3 subtractions vs. dual-task serial-7 

subtractions) and mobility task (three levels: forward walking vs. obstacle crossing vs. backward walking)]. 

This was followed by post-hoc contrast analysis with Bonferroni adjustment. The effect size of the ANOVA was 
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represented by partial eta squared (ηp
2; ηp

2≤0.01: small; 0.06>ηp
2>0.10: medium; ηp

2≥0.14: large).36  

Results 

Participants’ characteristics 

Sixty-seven individuals with stroke and 35 healthy older adults were screened. Three individuals with 

stroke could not perform the serial subtraction task while sitting, and another three had aphasia, while three 

healthy older adults declined to participate. Therefore, complete datasets collected from 61 individuals with 

stroke (mean±SD age: 62.9±7.8 years) and 32 healthy older adults (mean±SD age: 61.0±7.3 years) were 

analyzed. The key characteristics of the participants are shown in Table 1. The level of motor impairment in the 

affected leg was mild to moderate among the participants with stroke, as indicated by the Chedoke-McMaster 

Stroke Assessment score [median (interquartile range)] for the leg [6 (4, 6)], foot [4 (3, 5)]. The median 

(interquartile  range) Modified Rankin Scale score was 2 (1, 2), indicating no to slight disability. There was a 

small but significant difference in MoCA score between the stroke group and control group (mean 

difference=1.3, 95% CI=0.2, 2.3, p=0.019). However, there was no significant difference in the attention 

sub-scale between the two groups (p=0.504). No significant difference was found in other key characteristics 

between the two groups. 

Walking performance in single-task condition 

Results obtained from the single-task trials (Supplementary Table 1) showed that the mean walking time 

values for the 3 mobility tasks were all significantly different from each other in both groups (p≤0.001), 

confirming that backward walking was the most difficult, followed by obstacle-crossing and forward walking. 

The mean walking time for each of the mobility tasks was significantly longer in the stroke group than in the 
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control group (p<0.001). 

 During the single-task condition, the CRR values (Supplementary Table 1) in both the stroke and control 

groups were significantly greater for the serial 3-subtraction task than for the serial-7 subtraction task (p<0.01). 

This was true regardless of the time given to perform the task, which was matched to the corresponding walking 

time during the dual-task conditions. This confirmed that the serial-7 subtraction task was more difficult than 

the serial-3 subtraction task. Overall, there was no significant difference in the CRR values of the serial-3 

(p>0.30) or serial-7 subtraction task (p>0.10) in single-task conditions between the stroke and control groups.  

Dual-task effect on walking time 

In both groups, the main effects of the cognitive task (stroke group: F=41.584, p<0.001, ηp
2=0.409; control 

group: F=22.008, p<0.001, ηp
2=0.415), the mobility task (stroke group: F=74.004, p<0.001, ηp

2=0.552; control 

group: F=36.112, p<0.001, ηp
2=0.538), and the cognitive task × mobility task interaction effect on walking time 

were all significant (stroke group: F=15.506, p<0.001, ηp
2=0.205; control group: F=4.481, p=0.023, ηp

2=0.126) 

(Figure 2A and 2B).  

Post-hoc analysis showed that in each of the stroke and control groups, the mean walking time values 

were significantly longer in the dual-task conditions than in the corresponding single-task conditions, regardless 

of the walking task performed (p<0.01) (Supplementary Table 1). As the difficulty level of the cognitive task 

was increased (serial-3 subtractions vs. serial-7 subtractions), the walking time in the stroke group increased 

further for both the forward walking (p=0.009) and backward walking tasks (p=0.018), but not for the 

obstacle-crossing task (p=1.000) (Supplementary Table 2). The control group was different in that the increase 

in walking time was significant only for the backward walking task (p=0.021) but not for the forward walking 

(p=0.223) or the obstacle-crossing task (p=1.000) as the difficulty level of the cognitive task was increased.    
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Dual-task effect on cognitive task performance 

Significant main effects of the mobility task (stroke group: F=8.678, p < 0.001, ηp
2=0.126; control group: 

F=4.931, p=0.010, ηp
2=0.137) and cognitive task (stroke group: F=114.483, p<0.001, ηp

2=0.656; control group: 

F=40.927, p<0.001, ηp
2=0.569) were found in both groups (Figure 3A and 3B). The mobility task × cognitive 

task interaction was only significant in the stroke group (F=7.979, p<0.001, ηp
2=0.117) but not in the control 

group (F=1.884, p=0.126, ηp
2=0.057). In both groups, the CRR was significantly lower for serial-7 subtractions 

than for serial-3 subtractions in dual-task conditions, regardless of the difficulty level of the mobility task 

(p<0.001) (Supplementary Table 3).  

In the stroke group, the CRR was significantly decreased only when obstacle-crossing (p=0.023) or 

backward walking (p<0.001) was imposed on the serial-3 subtraction task compared with the single-task 

condition. Such a dual-task effect on the CRR was not detected during the forward walking task (p=1.000) 

(Supplementary Table 3). The CRR for serial-7-subtractions was significantly decreased when the backward 

walking task was added (p<0.001), but not when the forward walking or obstacle-crossing task was added 

(p=1.000). In contrast, in the control group, the change in CRR of both serial-3 (p=0.022) and serial-7 

subtractions (p=0.017) was significant only when the obstacle-crossing task was added.  

 

Discussion 

Our hypothesis was supported because we observed a significant interaction between the difficulty levels 

of the mobility and cognitive tasks in determining the degree of cognitive-motor interference in individuals with 

stroke. Additionally, the interference patterns were highly specific to the combination of the mobility and 
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cognitive tasks used and were different from those in the control group. 

Dual-task effect on walking time 

Interference on walking performance (i.e., an increase in walking time) occurred in individuals with stroke 

when either the serial-3 subtraction or serial-7 subtraction task was imposed, regardless of the mobility task 

used. However, the interference effect was more pronounced when the complexity level of either the mobility 

task or the cognitive task increased (Figure 2A). Particularly, the combination of the backward walking and 

serial-7 subtraction task resulted in the most exaggerated increase in the walking time compared with the 

single-task condition, thereby accounting for the mobility task × cognitive task interaction effect.  

There was a difference in dual-task effect on walking time between the stroke group and control group. As 

the cognitive task became more difficult (serial-7 vs. serial-3 subtractions), the increase in walking time during 

forward walking was only significant for the stroke group but not the control group (Supplementary Table 2). 

This was largely in line with the study by Hyndman et al., which found that adding a memory task (e.g., 

remembering a shopping list) to forward walking resulted in a more pronounced increase in walking time in the 

stroke group than healthy controls.9 As previously mentioned, only one mobility task was used in their study. By 

using different mobility tasks, we were able to obtain a more comprehensive picture of the dual-task 

interference patterns. Our results demonstrated that the between-group difference in the dual-task interference 

effect on walking time was highly influenced by the difficulty level of the mobility and cognitive tasks used. 

Dual-task effect on cognitive task performance 

The dual-task interference effect on the performance of the cognitive task was also detected in individuals 

with stroke. The CRR of serial-3 subtractions was significantly decreased when obstacle-crossing or backward 
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walking was imposed, and adding backward walking to serial-7 subtractions also led to a significant 

interference effect on CRR. Surprisingly, the dual-task effect on the CRR for serial-7 subtractions was not as 

pronounced as that for serial-3 subtractions and was only significant when backward walking was imposed 

(Figure 3). This may be because the CRR was already low during the single-task condition, leaving less room 

for a further decrease in the CRR during the dual-task condition. The dual-task effect on CRR in the stroke 

group was also different from that in the control group. In particular, the dual-task effect on CRR during 

backward walking was observed only in the stroke group but not in the control group (Supplementary Table 3 

and Figure 3). 

Few studies have assessed the dual-task effects on cognitive performance in individuals with stroke, and 

none of these studies have compared the difference between individuals with stroke and their peers without 

stroke. Our results are similar to those of Plummer-D’Amato et al. in that no significant decrease in the CRR 

was found when forward walking was performed concurrently with serial-3 subtractions compared with the 

single-task condition (Figure 3).10 In contrast, Patel & Bhatt showed that the level of cognitive performance was 

reduced by 30% when a forward walking task was imposed during serial subtractions (counting backward).1 

The reason for the discordance in results may be related to the difference in characteristics of participants. 

Participants in Patel & Bhatt’s study had a quicker walking speed (mean: 1.19 meters/second) under the 

single-task condition than those in Plummer-D’Amato et al.’s study (mean: 0.78 meters/second) and ours (mean: 

0.69 meters/second).1,10 Nevertheless, our results provided convincing evidence that adding a mobility task can 

produce interference effects on cognitive performance and that the magnitude of the effect was dependent upon 

the interaction between the difficulty level of the mobility and cognitive tasks and presence of stroke. 

Task prioritization strategy 
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Our results also provided insight into the task prioritization strategies used as the dual-task conditions 

changed. In both groups, the increase in walking time was significant when the serial-3 subtraction or serial-7 

subtraction task was added to forward walking compared with the single-task condition. However, the cognitive 

task performance was not significantly compromised. This was indicative of the phenomenon called 

cognitive-related motor interference, as described by Plummer et al.3 More attentional resources were allocated 

to the serial subtraction task, which was not a typical task encountered in daily living; thus, participants may 

consider it a more difficult task. However, the decrease in walking performance was relatively modest (mean 

range: 2.9–4.1 seconds in individuals with stroke and 2.7-4.3 seconds in controls) during the dual-task condition 

(Supplementary Table 2), because forward walking was a relatively automatic task with a low difficulty level. 

This is similar to the study by Plummer-D’Amato et al., which reported a significant but modest (9%) dual-task 

effect on gait speed but no significant dual-task effect on the CRR when individuals with stroke performed 

serial subtractions concurrently with forward walking, indicating prioritization of the cognitive task.10 Our 

results showed that this strategy was similar in both the stroke and control groups. 

As the difficulty of the mobility task was increased to the next level (i.e., obstacle-crossing), we observed 

an interference effect on the CRR for serial-3-subtractions in both groups. However, the increase in walking 

time during the dual-task condition remained modest in both groups (mean range: 2.9–3.3 seconds in stroke, 

3.2-3.8 seconds in controls) (Supplementary Table 2). It was very similar to that observed in the corresponding 

conditions during forward walking (mean range: 2.9–4.1 seconds in stroke, 2.7-4.3 seconds in controls). This 

indicated that participants may have allocated more attentional resources to the obstacle-crossing task to keep 

the motor cost constant despite the increased difficulty level of the mobility task. Consequently, the performance 

level of the cognitive task was compromised. 
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As the difficulty level of the mobility task was further increased (i.e., backward walking), the decrease in 

the CRR was accompanied by an exaggerated increase in walking time in the stroke group. This illustrated the 

phenomenon of mutual interference. The demand for attentional resources increased to the extent that 

sacrificing the cognitive performance could not adequately prevent the walking speed from decreasing further. 

On the other hand, a different strategy was used by the control group. When the dual-task effect on walking time 

became more pronounced, there was no significant dual-task effect on CRR (i.e., cognitive-related motor 

interference). This finding indicated that the control participants had again allocated more attentional resources 

to the cognitive task while sacrificing walking speed. The slowed gait speed observed in both groups may not 

necessarily be a negative phenomenon in this context. Rather, it may reflect an adaptive strategy to ensure safety 

in the face of a highly challenging dual-task condition.3 This was particularly relevant for the stroke group 

because they were presumably at a higher risk of falls. As the walking ability of the stroke group was much 

poorer than the control group, they may require additional attentional resources to tackle the challenging 

walking task. This may be coupled with less overall available attentional resources owing to the brain injury 

sustained by the participants with stroke. This may explain why the stroke group was not able to maintain the 

cognitive performance despite a reduced walking speed.   

Clinical and research implications 

This study has important clinical and research implications. First, the phenomenon of cognitive-motor 

interference should merit more attention in stroke assessment. Specifically, the degree of interference and task 

prioritization strategy vary greatly with the type of mobility and cognitive tasks used. Therefore, the assessment 

should consider using various task combinations to capture a more comprehensive picture of the dual-task 

ability of different people after stroke. Second, more attention to the therapeutic efforts in reducing 
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cognitive-motor interference or optimizing task prioritization is warranted. Studies on intervention strategies to 

reduce cognitive-motor interference after stroke are scarce. Most studies have major limitations, including the 

lack of proper controls, lack of measurement of dual-task performance, and small sample sizes (<20 

participants).37-41 The results of the present study and other related works on cognitive-motor interference 

post-stroke may provide the basis for creating intervention programs that address dual-task mobility function 

post-stroke. Good-quality randomized controlled trials are needed to evaluate the efficacy of these programs. 

Limitations and future research directions 

This study has several limitations. First, the results can only be generalized to individuals with chronic 

stroke who are independent in ambulation with normal cognition. Second, only mental tracking function was 

tested. The serial-3 and serial-7 subtraction tasks were chosen because they had been commonly used in 

previous studies on dual-task functions in other populations, and their reliability and validity had been 

established.31,42-48 No gait parameter other than speed was measured. Different interference patterns may have 

been observed if other types of cognitive tasks or gait parameters (e.g., double-limb support, symmetry, etc.) 

were used.10 Finally, there was a small difference in MoCA score between the stroke group and controls (1.3 

points). However, the magnitude of difference was not clinically important as it was well below the minimal 

detectable difference value of MoCA (4 points).49 Furthermore, there was no significant difference in the 

attention sub-scale score of MoCA. The performance in serial-3 and serial-7 subtractions under single-task 

conditions also was not significantly different between the two groups. Taken together, the level of cognitive 

ability as assessed by the measurement tools used in this study was very similar between the stroke group and 

control group. The small difference in MoCA score should not have any major impact on the interpretation of 

our results. 
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Conclusions 

Significant dual-task interference affects mobility and mental tracking function after chronic stroke. The 

degree and pattern of dual-task interference were strongly associated with the difficulty levels of both the 

mobility and cognitive tasks and were different from individuals without a stroke history. 

 

Acknowledgments 

We would like to thank Editage (www.editage.com) for English language editing.  

Funding 

Mr. Yang was supported by a PhD research studentship provided by the Institute for Disaster Management and 

Reconstruction, Sichuan University, Hong Kong Polytechnic University (RTHV). Mr. Pang received a research 

grant provided by the Research Grants Council (General Research Fund, grant no: 15159416). Mr. Lam and 

Miss Huang were supported by a full-time PhD studentship provided by the Hong Kong Polytechnic University. 

Conflict of Interest Statement 

The authors declare that there is no conflict of interest. 



19 

 

References 

1. Patel P, Bhatt T. Task matters: influence of different cognitive tasks on cognitive-motor interference during 

dual-task walking in chronic stroke survivors. Top Stroke Rehabil 2014;21:347-57. 

2. Harris JE, Eng JJ. Goal priorities identified through client-centred measurement in individuals with chronic 

stroke. Physiotherapy Canada. Physiother Can 2004;56:171-6. 

3. Plummer P, Eskes G, Wallace S, Giuffrida C, Fraas M, Campbell G et al. Cognitive-motor interference during 

functional mobility after stroke: state of the science and implications for future research. Arch Phys Med 

Rehabil 2013;94:2565-74. 

4. Lang A. The limited capacity model of mediated message processing. J Commun 2000;50:46-70. 

5. Huang HJ, Mercer VS. Dual-task methodology: applications in studies of cognitive and motor performance in 

adults and children. Pediatr Phys Ther 2001;13:133-40. 

6. Pashler H, Dobkins K, Huang L. Is contrast just another feature for visual selective attention? Vision Res 

2004;44:1403-10. 

7. Woollacott M, Shumway-Cook A. Attention and the control of posture and gait: a review of an emerging area 

of research. Gait Posture 2002;16:1-14. 

8. Chu YH, Tang PF, Peng YC, Chen H. Meta-analysis of type and complexity of a secondary task during 

walking on the prediction of elderly falls. Geriatr Gerontol Int 2013;13:289-97. 

9. Hyndman D, Ashburn A, Yardley L, Stack E. Interference between balance, gait and cognitive task 

performance among people with stroke living in the community. Disabil Rehabil 2006;28:849-56. 



20 

 

10. Plummer-D’Amato P, Altmann LJ, Saracino D, Fox E, Behrman AL, Marsiske M et al. Interactions between 

cognitive tasks and gait after stroke: a dual task study. Gait Posture 2008;27:683-8. 

11. Ayala M, Cabrerizo M, Jayakar P, Adjouadi M. Subdural EEG classification into seizure and nonseizure files 

using neural networks in the gamma frequency band. J Clin Neurophysiol 2011;28:20-9. 

12. Murase M, Saito DN, Kochiyama T, Tanabe HC, Tanaka S, Harada T et al. Cross-modal integration during 

vowel identification in audiovisual speech: a functional magnetic resonance imaging study. Neurosci Lett 

2008;434:71-6. 

13. Banich MT, Milham MP, Atchley R, Cohen NJ, Webb A, Wszalek T et al. fMri studies of Stroop tasks reveal 

unique roles of anterior and posterior brain systems in attentional selection. J Cogn Neurosci 

2000;12:988-1000. 

14. Liu X, Banich MT, Jacobson BL, Tanabe JL. Common and distinct neural substrates of attentional control in 

an integrated Simon and spatial Stroop task as assessed by event-related fMRI. Neuroimage 

2004;22:1097-106. 

15. Zoccatelli G, Beltramello A, Alessandrini F, Pizzini FB, Tassinari G. Word and position interference in stroop 

tasks: a behavioral and fMRI study. Exp Brain Res 2010;207:139-47. 

16. Suchan B, Botko R, Gizewski E, Forsting M, Daum I. Neural substrates of manipulation in visuospatial 

working memory. Neuroscience 2006;139:351-7. 

17. Greene CM, Soto D. Functional connectivity between ventral and dorsal frontoparietal networks underlies 

stimulus-driven and working memory-driven sources of visual distraction. Neuroimage 2014;84:290-8. 

18. Mayer JS, Bittner RA, Nikolic D, Bledowski C, Goebel R, Linden DE et al. Common neural substrates for 



21 

 

visual working memory and attention. Neuroimage 2007;36:441-53. 

19. Fusser F, Linden DE, Rahm B, Hampel H, Haenschel C, Mayer JS et al. Common capacity-limited neural 

mechanisms of selective attention and spatial working memory encoding. Eur J Neurosci 

2011;34:827-38. 

20. Herath P, Young J, Roland P. Two mechanisms of protracted reaction times mediated by dissociable cortical 

networks. Eur J Neurosci 2002;16:529-39. 

21. Lu CF, Liu YC, Yang YR, Wu YT, Wang RY. Maintaining gait performance by cortical activation during 

dual-task interference: a functional near-infrared spectroscopy study. PLoS ONE 2015;10:e0129390. 

22. McIsaac TL, Lamberg EM, Muratori LM. Building a framework for a dual task taxonomy. Biomed Res Int 

2015;2015:591475. 

23. Wong MT, Ho TP, Ho MY, Yu CS, Wong YH, Lee SY. Development and inter-rater reliability of a 

standardized verbal instruction manual for the Chinese Geriatric Depression Scale-short form. Int J 

Geriatr Psychiatry 2002;17:459-63.  

24. Wong A, Xiong YY, Kwan PW, Chan AY, Lam WW, Wang K et al. The validity, reliability and clinical 

utility of the Hong Kong Montreal Cognitive Assessment (HK-MoCA) in patients with cerebral small 

vessel disease. Dement Geriatr Cogn Disord 2009;28:81-7. 

25. Gowland C, Stratford P, Ward M, Moreland J, Torresin W, Van Hullenaar S et al. Measuring physical 

impairment and disability with the Chedoke-McMaster Stroke Assessment. Stroke 1993;24:58-63. 

26. Banks JL, Marotta CA. Outcomes validity and reliability of the Modified Rankin Scale: implications for 

stroke clinical trials. A literature review and synthesis. Stroke 2007;38:1091-6. 



22 

 

27. Flansbjer UB, Holmback AM, Downham D, Patten C, Lexell J. Reliability of gait performance tests in men 

and women with hemiparesis after stroke. J Rehabil Med 2005;37:75-82. 

28. Said CM, Galea MP, Lythgo N. People with stroke who fail an obstacle crossing task have a higher 

incidence of falls and utilize different gait patterns compared with people who pass the task. Phys Ther 

2013;93:334-44. 

29. Takatori K, Okada Y, Shomoto K. Effect of a cognitive task during obstacle crossing in hemiparetic stroke 

patients. Physiother Theory Pract 2012;28:292-8. 

30. Al-Yahya E, Dawes H, Smith L, Dennis A, Howells K, Cockburn J et al. Cognitive motor interference while 

walking: a systematic review and meta-analysis. Neurosci Biobehav Rev 2011;35:715-28. 

31. Muhaidat J, Kerr A, Evans JJ, Skelton DA. The test-retest reliability of gait-related dual task performance in 

community-dwelling fallers and non-fallers. Gait Posture 2013;38:43-50. 

32. Mirelman A, Maidan I, Bernad-Elazari H, Nieuwhof F, Reelick M, Giladi N et al. Increased frontal brain 

activation during walking while dual tasking: an fNIRS study in healthy young adults. J Neuroeng 

Rehabil 2014;11:85. 

33. Condron JE, Hill KD, Physio GD. Reliability and validity of a dual-task force platform assessment of 

balance performance: effect of age, balance impairment, and cognitive task. J Am Geriatr Soc 

2002;50:157-62. 

34. Fuller RL, Van Winkle EP, Anderson KE, Gruber-Baldini AL, Hill T, Zampieri C et al. Dual task 

performance in Parkinson's disease: A sensitive predictor of impairment and disability. Parkinsonism 

Relat Disord 2013;19:325-8. 



23 

 

35. Yang L, He C, Pang MY. Reliability and validity of dual-task mobility assessments in people with chronic 

stroke. PLoS ONE 2016;11:e0147833. 

36. Pallant J. SPSS survival manual. McGraw-Hill Education (UK), 2013. 

37. Subramaniam S, Hui-Chan CWY, Bhatt T. A cognitive-balance control training paradigm using Wii fit to 

reduce fall risk in chronic stroke survivors. J Neurol Phys Ther 2014;38:216-25. 

38. Plummer P, Villalobos RM, Vayda MS, Moser M, Johnson E. Feasibility of dual-task gait training for 

community-dwelling adults after stroke: a case series. Stroke Res Treat 2014;2014:538602.  

39. Choi W, Lee GC, Lee S. Effect of the cognitive-motor dual-task using auditory cue on balance of survivors 

with chronic stroke: a pilot study. Clin Rehabil 2014;29:763-70.  

40. Kim D, Ko J, Woo Y. Effects of dual task training with visual restriction and an unstable base on the balance 

and attention of stroke patients. J Phys Ther Sci 2013;25:1579-82.  

41. Choi JH, Kim BR, Han EY, Kim SM. The effect of dual-task training on balance and cognition in patients 

with subacute post-stroke. Ann Rehabil Med 2015;39:81-90.  

42. Swanenburg J, De Bruin ED, Favero K, Uebelhart D, Mulder T. The reliability of postural balance measures 

in single and dual tasking in elderly fallers and non-fallers. BMC Musculoskelet Disord 2008;9:162.  

43. Hartmann A, Murer K, De Bie RA, De Bruin ED. Reproducibility of spatio-temporal gait parameters under 

different conditions in older adults using a trunk tri-axial accelerometer system. Gait Posture 

2009;30:351-5. 

44. Swanenburg J, De Bruin E, Uebelhart D, Mulder T. Falls prediction in elderly people: a 1-year prospective 



24 

 

study. Gait Posture 2010;31:317-21.  

45. Tang PF, Yang HJ, Peng YC, Chen HY. Motor dual-task Timed Up & Go test better identifies prefrailty 

individuals than single-task Timed Up & Go test. Geriatr Gerontol Int 2015;15:204-10.  

46. Moghadam M, Ashayeri H, Salavati M, Sarafzadeh J, Taghipoor KD, Saeedi A et al. Reliability of center of 

pressure measures of postural stability in healthy older adults: effects of postural task difficulty and 

cognitive load. Gait Posture 2011;33:651-5.  

47. Gunn H, Creanor S, Haas B, Marsden J, Freeman J. Risk factors for falls in multiple sclerosis: an 

observational study. Mult Scler 2013;19:1913-22.  

48. Yang L, Liao LR, Lam FMH, He CQ, Pang MYC. Psychometric properties of dual-task balance assessments 

for older adults: a systematic review. Maturitas 2015;80:359-69.  

49. Feeney J, Savva GM, O'Regan C, King-Kallimanis B, Cronin H, Kenny RA et al. Measurement error, 

reliability, and minimum detectable change in the Mini-Mental State Examination, Montreal Cognitive 

Assessment, and Color Trails Test among community living middle-aged and older adults. J Alzheimers 

Dis 2016;53:1107-14. 

 

 

 

 

 



25 

 

Figure legends 

Figure. 1 Obstacle course 

Seven obstacles (length 80 cm, width 5 cm, height 4 cm) were placed along the middle 10 meters of the 

walkway, with a distance of 1.5 meters between the obstacles. There were two meters before and after the 

starting and finishing lines so that participants would have enough distance to accelerate and decelerate. 

 

Figure. 2  Dual-task effect on walking time 

The dual-task effect on walking time is shown for the stroke group (2A) and control group (2B). The walking 

time values (in seconds or s) recorded during a single-task condition (●), dual-task condition with serial-3 

subtractions (■), and dual-task condition with serial-7 subtractions (▲) are displayed. Each error bar represents 

one standard error of the mean. *Significantly different from the same mobility task during a dual-task condition. 

†Significantly different between the serial-3 subtractions and serial-7 subtractions. In both groups, a significant 

interaction was found between the difficulty level of the mobility task and that of the cognitive task. As the 

cognitive task became more difficult (serial-7 vs. serial-3 subtractions), the increase in walking time during 

forward walking was only significant for the stroke group but not the control group. 

 

Figure. 3  Dual-task effect on cognitive task performance 

The dual-task effect on correct response rate (CRR) is shown for the stroke group (3A) and control group (3B). 

The CRRs for serial-3 subtractions during single-task and dual-task conditions are represented by closed (●) and 

open circles (○), respectively. The CRRs for serial-7 subtractions during single-task and dual-task conditions are 
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represented by closed (■) and open squares (□), respectively. *Significantly different from the corresponding 

dual-task condition. †Significantly different between the serial-3 subtractions and serial-7 subtractions during 

the dual-task condition. A significant interaction was found between the difficulty level of the mobility task and 

that of the cognitive task in the stroke group, but not the control group. The dual-task effect on CRR during 

backward walking was observed only in the stroke group but not in the control group. 




