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Abstract 

Older adults have been shown to trip on obstacles despite taking precautions to step 

carefully. It has been demonstrated in dual-task walking that age-related decline in cognitive 

and attentional mechanisms can compromise postural management. This is yet to be 

substantiated during obstacle negotiation when walking. Forty-six healthy volunteers (aged 

20-79 years) stepped over obstacles in their path whilst walking and performing a verbal 

fluency task. Using 3D kinematic analysis we compared obstacle crossing during single 

(obstacle crossing only) and dual-task (obstacle crossing with verbal task) conditions. We 

grouped the participants into three age groups and examined age-related changes to cognitive 

interference on obstacle crossing. During dual-task trials, the 20-29 and 60-69 groups 

stepped closer to the obstacles prior to crossing, increased vertical toe-obstacle clearance, 

and had reduced gait variability. In these two groups there was a small dual-task decrease in 

verbal output. The 70-79 group applied similar dual-task stepping strategies during pre-

crossing. However, during crossing they showed reduced vertical toe-to-obstacle clearance 

and increased variability of obstacle-to-heel distance. Additionally, this group did not show 

any significant change to verbal output across trials. These results suggest that with 

advanced age, increased cognitive demands are more likely to have a detrimental impact on 

motor performance, leading to compromised safety margins and increased variability in foot 

placement. We conclude that younger adults utilise a posture-preserving strategy during 

complex tasks but the likelihood of this strategy being used decreases with advanced age. 

 

Key words: Aging, obstacle negotiation, dual-task, human locomotion, cognition 
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Introduction 

It is estimated that one in three older adults fall each year and this figure includes those who 

are healthy and active [1]. In this age group, a large proportion of falls are caused by 

stepping on or tripping over obstacles [2]. Whilst it is accepted that a number of cognitive 

functions decline with advanced age, it is still unclear how such age-related changes impact 

on the control of complex motor skills such as walking and stepping. The relationship 

between cognitive activity and posture control can be examined using dual-task methods that 

apply a cognitively demanding task during a posture task (see Woollacott & Shumway-Cook 

[3] for a review). These studies suggest that concurrent cognitive activity can interfere with 

motor control, and that interference is greater in older adults [4, 5]. These findings have 

important implications for complex motor tasks that require large cognitive resources, as the 

addition of a cognitive task may lead to misallocation of resources, and impaired motor 

control. For example, a number of studies have shown that older adults who would typically 

be classified as independently mobile under single-task conditions demonstrate limitations to 

walking as the task becomes more complex [6-8]. 

 

Despite the apparent interplay between cognition and posture, the nature of dual-task 

interference on posture is not always clear. When walking, dual-task interference tends to 

manifest as reduced performance (e.g. reduced velocity, shorter stride length) [9]. In upright 

standing it can be difficult to interpret dual-task effects because concurrent cognitive activity 

has been shown to both increase and decrease postural sway [10, 11]. Few studies have 

examined the effect of concurrent cognitive activity or ageing on foot placement when 

negotiating obstacles [12-14]. The results from dual-task walking studies suggest that 

concurrent cognitive performance should have a detrimental effect on the control of foot 

placement during obstacle crossing. There has been some indication of this in the literature 

[12-14] but these results are not conclusive. For example, Chen et al [13] observed 

participants walking and avoiding a suddenly appearing band of light projected on the 

walkway. Concurrently participants completed a verbal reaction task, responding when a red 

light appeared at the end of the walkway. The results showed increased foot-light contacts 

when completing the verbal reaction task, especially for older adults. Since the reaction task 

in this study directed visual attention from the immediate walkway, it is not possible to infer 

that increased attention demands led to impaired stepping control. Schrodt et al [12] 

demonstrated that a concurrent memory task altered stride positioning when crossing 

obstacles but reported no other changes to gait. Brown et al [14] examined changes to a 
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verbal reaction time task during obstacle crossing. The reaction task was presented before or 

during obstacle crossing. They reported increased reaction times in young and older adults 

when the task was presented before obstacle crossing. Additionally, the older adults had 

increased reaction times when the task was presented during obstacle crossing. Despite 

reporting significant effects to the verbal reaction task, they did not report data on obstacle 

clearance. 

 

These results suggest that cognitive interference may influence obstacle crossing but the 

strength and nature of this influence is unclear. The difficulty in ascertaining the effect of 

cognitive performance on stepping control may be linked to the small critical period of 

obstacle crossing (~2s), that would allow uncompleted cognitive tasks to be temporarily 

suspended during obstacle crossing. It could also be due to insufficient cognitive demands 

used in some of these dual-task scenarios, since with increased attention demands dual-task 

interference on walking is typically observed [15-17]. 

 

Here we increase the likelihood of detecting genuine cognitive interference during obstacle 

crossing by increasing the duration of trials to record multiple steps and employ a continuous 

cognitive task. By maintaining the motor task over a longer duration it becomes possible to 

implement a concurrent cognitive task that is continuous. For this purpose we selected a 

word generation task that requires the continuous generation of novel words. Word 

generation tasks of this nature are cognitively demanding and have been shown to interfere 

with walking performance [17]. Critically, verbal fluency requires sustained attention to 

organise verbal output and to keep track of the words that have already been generated [18, 

19] but it can be performed without the complication of visual distraction. We anticipate that 

the demands of sustaining attention on obstacle crossing whilst carrying out the verbal task 

will lead to observable changes in foot placement and/or cognitive performance. Since older 

adults have a natural decline in cognitive function [15] we predict that any observed 

interference effects would be greater with advanced age. 

 

Methods 

Participants 

Forty-six community dwelling volunteers participated. Twenty-one were aged between 20-

29 years (mean=20.23, SD=2.49 years), 13 were aged between 60-69 years (mean=64.77, 
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SD=3.23 years), and 11 were aged between 70-79 years (mean=74.00, SD=3.23 years). 

Older adults were divided into two age groups following pilot work showing that cognitive 

interference on walking was greater for a group of adults aged 70-79 compared to a group 

aged 60-69. Inclusion criteria were the ability to walk for one minute without aid (e.g. 

walking stick/frame), normal or corrected to normal vision (e.g. glasses/contact lenses), and 

no cognitive impairment. All participants attained a Mini Mental State Examination [20] 

score>26, and a National Adult Reading Test [21] score>30. There were no significant 

differences in screening scores across the three age groups. These screening tests indicate 

that all adults included in the study were free from significant impairments to cognitive 

function, and that they attained comparable intellectual standards for reading ability. The 

University of Reading ethics and research committee approved the particulars of this study 

(Project 02/41, 22
nd

-January-2003) and all participants gave written informed consent prior 

to data collection in accordance with the Declaration of Helsinki. 

 

Verbal fluency 

Verbal fluency, the ability to produce novel and context appropriate responses to a given 

topic, is traditionally examined using a controlled oral word generation task. To complete 

this task, participants are given a target letter (e.g. F/A/S) and speak aloud as many words as 

possible that begin with that letter for one minute. Valid words include proper English 

words, or those common to the English language. Invalid words include plurals of the same 

word, repetitions, or nonsense words. In healthy adults, test-retest correlations of verbal 

fluency show reasonable reliability; r>.70 (Pearson product-moment correlation) for both 

short and long intervals [22, 23]. 

 

Apparatus 

Participants walked along a 14.5metre figure-of-eight path. Their lower limbs were 

instrumented with eight spherical reflective body markers placed bilaterally on the following 

anatomical landmarks: distal end of first metatarsal, the head of the fifth metatarsal, 

calcaneus, and lateral epicondyle. Figure 1 illustrates the experimental set up. Two 

rectangular obstacles were placed near the centre of the track and participants stepped over 

them as they walked. The small obstacle measured 25x76x300mm, the large 

152x76x300mm, with similar dimensions to obstacles used in previous research [24]. The 

top corners of each obstacle were marked with reflective tape so that they could be identified 
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by the position-tracking camera system and placed in the 3D reconstructed world. Foot 

placements and trajectories over the obstacles were monitored by 4xVicon motion capture 

cameras (Oxford Metrics, UK), which tracked the reflective body and obstacle markers at a 

sampling frequency of 120Hz within 1.5mm error. A digital camera was positioned to record 

contact errors and verbal responses. 

 

 

 

Figure 1. Figure-of-eight track and experimental set-up. Four Infra-red tracking cameras 

recorded the position of retro-reflective markers present in the scene. These were attached to 

the corners of the obstacles, as well as to key anatomical locations on the lower limbs. The 

diagram shows the relative location of equipment and obstacles, but the figure is not drawn 

to scale. 

 

Protocol 

Participants received standardised instructions to walk briskly around the track for 60 

seconds, crossing the centre of the obstacles, whilst walking and generating new words until 

the trial ended. Participants completed three trials i) walking and obstacle crossing, 

concurrent with verbal fluency, ii) walking and obstacle crossing (no concurrent task) and 

iii) walking with obstacles removed, concurrent with verbal fluency. Each task was 

completed once but since participants walked continuously for one minute data was collected 

for multiple obstacle crossings. The average number of obstacle crossings per trial was 10.76 

(20-29 group), 7.38 (60-69 group), and 7.88 (70-79 group). 

 

Task iii) above determined participants’ baseline (single-task) verbal fluency. Baseline 

verbal fluency was measured during walking rather than sitting or standing to account for the 
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attentional demands of walking, which are greater than sitting or standing [9]. This allowed 

us to separate the attention demands of obstacle crossing from that of walking. For all verbal 

fluency trials, participants began to generate words as soon as they started walking. Practice 

trials were given with additional verbal stimuli and participants were encouraged to rest 

between trials. Task order was randomised and counterbalanced within and across age 

groups to reduce practice and fatigue effects. 

 

Data collection and analysis 

Conventional labelling of the limbs was used: the lead foot crossed the obstacle first; the trail 

foot crossed second. The Vicon system recorded spatio-temporal data of foot trajectories 

about the obstacles. From this data, we used the following measures: trail-toe distance, lead-

heel distance, trail-toe clearance, lead-toe clearance, and step velocity. Lead and trail-toe 

clearance were calculated as the distance from the upper surface of the obstacle to the toe at 

crossing. Within-subject coefficient of variation [(individual SD/individual mean)x100] was 

calculated as a measure of individual ‘inconsistency’ or variability in obstacle crossing.  

Obstacle contacts did not provide sufficient data for analysis since there were only two 

collisions: one participant (20-29 group) contacted with the trail-toe prior to obstacle 

crossing and one participant (60-69 group) contacted with the lead toe during obstacle 

crossing. Performance of the verbal task was determined by the number of valid words 

generated during each 1-minute trial. Group means and standard errors for the measures 

given above are presented in Table 1. 

 

Separate repeated measures analysis of variance (ANOVA) tests determined the effect of 

task (no verbal task, concurrent verbal task) and obstacle size (large obstacle, small obstacle) 

on each measurement of foot placement about the obstacles (trail-toe distance, lead-heel 

distance, trail-toe clearance, lead-toe clearance, horizontal velocity), with age group 

membership as a between subjects factor (20-29, 60-69, 70-79). Repeated measures 

ANOVAs were carried out on the within subject variability scores, for each measure of foot 

placement (as detailed above) comparing single to dual-tasks for each age group.  
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Table 1. Mean and standard error values for single and dual-task trials. Table shows values 

for absolute and within-subject variability of foot placement during obstacle crossing, as 

well as absolute obstacle crossing velocity, and verbal fluency, for each age group.  

 

Data presented are group means and data in parenthesis are standard error (SE) values. 

†Within-subject variability values are calculated as within-subject coefficient of variance 

((individual SD/individual mean)x100).  

‡Word Generation is calculated as the number of valid words spoken during the 60 second 

trial.  

 

Age Group 20-29 60-69 70-79 

Trail toe distance (mm)    

Single 228.97 (12.18) 219.78 (6.23) 211.56 (14.17) 

Dual 218.78 (11.56) 193.24 (11.29) 217.81 (18.01) 

Within-subject variability†    

Single 37.15 (2.61) 27.86 (2.36) 20.10 (2.46) 

Dual 26.94 (1.60) 22.30 (2.51) 25.99 (4.32) 

 

Lead heel distance (mm) 

   

Single 221.08 (14.20) 134.69 (9.15) 117.89 (11.69) 

Dual 204.58 (11.33) 131.36 (10.71) 121.71 (12.62) 

Within-subject variability†    

Single 29.31 (1.98) 32.45 (4.12) 31.97 (3.44) 

Dual 27.56 (2.31) 27.18 (3.98) 45.98 (8.20) 

    

 

Lead toe clearance (mm) 

   

Single 141.28 (6.12) 149.52 (10.08) 158.50 (5.47) 

Dual 152.57 (7.52) 159.72 (11.42) 160.24 (6.02) 

Within-subject variability†    

Single 42.13 (1.37) 38.51 (1.22) 34.96 (0.99) 

Dual 38.08 (1.21) 37.34 (2.18) 34.31 (2.38) 

    

 

Trail toe clearance (mm) 

   

Single 136.62 (12.09) 123.23 (11.96) 155.82 (8.88) 

Dual 145.21 (12.71) 133.77 (11.47) 132.83 (14.94) 

Within-subject variability†    

Single 48.48 (1.42) 40.62 (2.07) 36.71 (2.50) 

Dual 46.76 (1.42) 43.68 (2.54) 40.82 (2.94) 

    

 

Step velocity (m/sec)  

   

Single 0.47 (0.01) 0.43 (0.01) 0.38 (0.01) 

Dual 0.45 (0.01) 0.40 (0.01) 0.35 (0.01) 

 

Word Generation ‡ 

   

Single 15.00 (1.37) 18.15 (1.54) 17.82 (2.45) 

Dual 12.68 (0.81) 15.77 (1.42) 18.27 (2.44) 
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A repeated measures ANOVA examined the effect of walking with and without obstacles on 

the number of valid words generated, with age group as a between subjects factor. For all 

analyses, post-hoc tests examined the direction and nature of group differences. For each 

post-hoc analysis an ordered Bonferroni procedure [25] adjusted the alpha level to correct 

for multiple contrasts (ensuring the overall ‘experiment wise’ alpha remained equivalent to 

0.05 during repeated testing). 

 

Results 

Foot placement, trajectory, and variability of step approach  

Whilst there was no experimental effect on absolute trail-toe distance there was a main effect 

of age on the variability of trail-toe distance, F(2, 42)=6.93, p=.003, η
2
=.25. This showed 

that the 20-29 group had a more variable single-task trail-foot position than the older adults. 

However, an interaction between age and cognitive task (F(2, 42)=4.45, p=.018, η
2
=.18) 

showed that the addition of the verbal task led to decreased variability in trail-toe distance 

for the 20-29 and 60-69 groups but increased variability for the 70-79 group (Figure 2a). 

 

Foot placement, trajectory, and variability of step crossing 

There was a main effect of age, F(2, 42)=20.10, p<.001, η
2
=.49, showing the 70-79 group 

landed closer to the far edge of the obstacles (lead-heel distance) than the 20-29 (p=.019) 

and 60-69 (p=.033) groups. An interaction between age and cognitive task is shown in 

Figure 2b for the variability of lead-heel positioning, F(2, 42)=4.20, p=.022, η
2
=.17; the 

addition of the verbal task led to increased variability of lead-heel positioning for the 70-79 

group but not for the other age groups.   

 

There was no main effect of age on trail-toe clearance, but there was an age and task 

interaction (F(2, 42)=4.79, p=.013, η
2
=.19). This showed that carrying out the verbal task led 

to increased trail-toe clearance in the 60-69 and 20-29 groups but decreased trail-toe 

clearance in the 70-79 groups (Figure 2c). The addition of the verbal task led to increased 

lead-toe clearance, F(1, 42)=5.86, p=.020, η
2
=.12 (Figure 2d). There were no experimental 

effects on the variability of trail-toe or lead-toe clearance. Obstacle clearance was greater for 

the large obstacle compared to the small for both trail-toe (F(1, 42)=46.41, p<.001, η
2
=.49) 

and lead-toe (F(1, 42)=91.32, p<.001, η
2
=.67) measures.  
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Figure 2. Obstacle crossing. White bars show single-tasks (stepping with no verbal fluency) 

and black bars show dual tasks (stepping concurrent with verbal fluency), for each age group 

(20-29, 60-69, 70-79). Four measures of obstacle crossing are shown: A. Within-subject 

variability (within-subject coefficient of variation) in trail-toe distance; B. Within-subject 

variability (within-subject coefficient of variation) in lead-heel distance; C. Trail-toe 

clearance (mm); and D. Lead-toe clearance (mm). For all graphs data are averaged across 

high and low obstacles, and the bars show +/- standard error of the mean for each group. 
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Velocity of stepping 

There was a main effect of age on obstacle crossing velocity (F(2, 42)=24.49, p<.001, 

η
2
=.538); the 20-29 group crossed faster than the 60-69 (p=.003) and 70-79 (p<.001) groups 

and the 60-69 group crossed faster than the 70-79 group (p=.007). Crossing velocity was 

reduced during dual-task compared to single-task trials, F(1, 42)=24.52, p<.001, η
2
=.37, and 

was reduced when crossing the larger obstacle compared to the smaller obstacle, F(1, 

42)=10.68, p=.002, η
2
=.19.  

 

Verbal fluency 

There was no main effect of age or task on verbal fluency. However an age by task 

interaction showed the 70-79 group generated more words than the 20-29 group during 

obstacle crossing trials, F(2, 43)=4.13, p=.023, η
2
=.16, but not during walking only trials 

(Figure 3). Fewer words were generated during obstacle crossing trials compared to no-

obstacle walking F(1, 42)=4.44, p=.041, η
2
=.09, but this was only significant for the 20-29 

group (p=.014). 

 

Figure 3. Word Generation. Black bars show the average number of valid words generated 

by each age group (20-29, 60-69, 70-79). Black bars represent single-task trials (verbal 

fluency during walking with no obstacle crossing) and white bars represent dual-task trials 

(verbal fluency during walking with obstacle crossing). The data presented are averaged 

across high and low obstacles, and the bars show +/- standard error of the mean. 
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Discussion 

This study demonstrated that concurrent cognitive-verbal activity affected obstacle crossing 

of each age group in a different way. Perhaps surprisingly, whilst both older groups showed 

similar obstacle crossing behaviour during single-task trials, the 60-69 group showed similar 

changes to obstacle crossing as the 20-29 group during dual-task trials. For example, both 

the 20-29 and 60-69 groups employed a ‘posture-protective’ strategy by reducing step 

velocity and increasing trail and lead-toe clearance as task demands increased. This modified 

gait in a way that reduced the risk of foot contact during obstacle crossing. As well as 

modifying gait with more conservative obstacle crossing strategies, both 20-29 and 60-69 

groups showed small reductions to verbal output during dual-task trials. It is possible that 

this small reduction in verbal performance allowed sufficient attentional resources to be 

available for these posture-preserving changes, in line with similar observations of dual-task 

interference during complex motor tasks [26].  

 

The 70-79 group crossed the obstacles safely and were in some instances the most 

conservative of the three groups, especially during single-task trials. However, unlike the 

younger groups, they did not consistently behave in a manner that suggested posture-

preservation as task demands increased. The 70-79 group showed some signs of preserving 

stepping control during dual-task trials, such as increased lead-toe clearance and reduced 

velocity. Conversely, they also reduced trail-toe clearance and had increased variability of 

trail and lead-foot landing distances. Interestingly the 70-79 group had increased lead-toe 

clearance (the same as the other age groups) but decreased trail-toe clearance under dual-task 

conditions. Lead-foot placement is controlled and modified using online visual information 

and the preservation of posture in this phase suggests that attention demands were moderate. 

For the trail-foot to cross the obstacle, visual information may still be used, but in a feed-

forward manner in conjunction with online kinaesthetic sensory feedback [27]. The 

decreased trail-toe clearance in the oldest group of adults implies that this stage of obstacle 

crossing may require greater demands on cognitive resources than earlier stages. The 70-79 

group also maintained verbal output between single and dual-task trials, providing tentative 

evidence that cognitive resources may have been misallocated towards maintaining cognitive 

activity in this group.  

 

The results of our study raise important issues regarding the interpretation of postural 

outcomes during dual-tasks. Interpretation of whether performance is improved or impaired 
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may be difficult for some postural measures. For example, several studies have reported that 

carrying out a cognitively demanding task can lead to a reduction in postural sway during 

upright standing, especially for older adults [11, 28]. One interpretation of this is that 

increased cognitive activity improves postural control as it removes overt attention from an 

‘overly automised’ postural activity [4]. A contrasting suggestion is that a dual-task 

reduction in postural sway could be due to individuals co-contracting the muscles supporting 

the ankles [10, 11], serving to stiffen the lower limbs. A reduction in sway may therefore be 

a posture-protective mechanism in response to competing demands on attention resources, 

which is more likely to be exhibited by older adults who are experiencing greater attentional 

conflict than younger adults. As with postural sway, increased obstacle clearance could be 

interpreted as either improved postural control or a conservative posture-protective strategy. 

In the present study, we would suggest that the 70-79 group were stepping more 

conservatively than the younger adults during single-task trials but increased attentional 

demands during dual-task trials led to a failure of this posture-protective strategy. For the 

younger groups the single-task trials were not sufficiently demanding to warrant a posture 

protective strategy, but increased attention demands during dual-task trials saw the use of 

posture-protective strategies in the two younger groups. We would therefore predict that as 

attention demands increased further that the 70-79 group would show greater reductions in 

obstacle crossing performance (a further decrease in obstacle clearance or increased 

variability). We would also predict that with further increases in attention demands that the 

60-69 and subsequently the 20-29 would show similar reductions in obstacle crossing 

performance as the 70-79 group.  

 

The results of this study extend the general dual-task posture control literature to encompass 

multiple obstacle-crossing whilst walking. We have shown that concurrent cognitive activity 

affects obstacle crossing differently in adults of different ages, but the relationship between 

cognitive activity, postural control, and age is complex. We have provided some evidence 

that individuals may utilise a ‘posture-protective’ strategy to safeguard obstacle crossing 

when attention demands increase. The use of this preservation strategy, however, appears to 

be used less consistently with advanced age. It could be that with advanced age there is a 

general failure to prioritise cognitive resources to important tasks [26], or that switching 

cognitive resources between tasks becomes more difficult. Further research is required that 

reliably manipulates attention demands during obstacle crossing (to include low, moderate, 

and high demands) for young and older adults. Only with these manipulations would it be 
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possible to fully understand the complex relationship between obstacle crossing, advanced 

age, and attention demands. 
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