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Abstract

Background:  Older adults deemed to be at a high risk of falling will often display visual search behaviors likely to impair movement planning 
when negotiating environmental hazards. It has been proposed that these behaviors may be underpinned by fall-related anxiety. Thus, the aim 
of this study was to explore the effects of fall-related anxiety on visual search and stepping behaviors during adaptive gait.
Methods:  Forty-four community-dwelling older adults (mean age = 74.61; standard deviation = 6.83) walked along a path and stepped into 
two raised targets. All participants completed walks at ground level, whereas participants deemed to be at a low risk of falling (n = 24) also 
completed walks under conditions designed to induce fall-related anxiety (walkway elevated 0.6 m). Participants’ movement kinematics and 
gaze behavior were measured.
Results:  During ground trials, “high-risk” participants visually prioritized the immediate walkway areas 1–2 steps ahead, at the expense of 
previewing future stepping constraints. This reduced planning appeared to negatively affect safety, with greater stepping errors observed for 
future constraints. When completing walks on the elevated walkway, “low-risk” participants similarly prioritized immediate walkway areas, at 
the expense of planning future stepping actions. These behaviors were associated with greater attention directed toward consciously processing 
walking movements.
Conclusions:  These findings provide evidence of a link between heightened fall-related anxiety and “high-risk” visual search behaviors 
associated with greater stepping errors. This information enhances our understanding of why high-risk older adults are less able to safely 
navigate environmental constraints.
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Falls in older adults most commonly occur during walking (1,2), with 
trips, slips, and misplaced steps accounting for the majority of inci-
dences (1). Safely navigating complex environments requires a walker 
to sample visual information in a manner that allows for planning 
future actions (3,4). For example, a task as simple as walking through 
a residential common area will present various constraints that need 
to be navigated, such as stepping around a chair leg or avoiding an 
oncoming walker. During such situations, it is imperative that visual 
information is sampled in a “feedforward” manner, allowing sufficient 
time for the walker to make proactive adjustments to safely avoid 
the  environmental constraint (3). Despite the importance of feed-

forward planning, older adults deemed to be at a high risk of falling 
often display visual search behaviors likely to reduce their ability to 
perceive, and subsequently plan the adaptations needed to negotiate, 
environmental constraints (4,5). For example, Young and colleagues 
(4) found that, when approaching a series of stepping constraints, low-
risk older adults displayed proactive patterns of visual exploration; 
fixating, and transferring their gaze between, subsequent stepping 
constraints. In contrast, their high-risk counterparts directed their 
gaze predominantly toward the proximal constraint and displayed 
reduced visual previewing of subsequent obstacles. During complex 
tasks requiring the navigation of multiple environmental hazards, 
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such reduced previewing/planning will likely impair the walker’s 
ability to navigate future constraints (6). As such, there is a clear need 
to identify the underlying factors contributing to these altered patterns 
of visual search.

Researchers have proposed increased fall-related anxiety, or fear 
of falling, as one potential mechanism underpinning these “high-risk” 
behaviors (6). For example, as the high-risk older adults studied by 
Young and colleagues (4) also reported significantly greater levels of 
state anxiety compared to their low-risk counterparts, the authors 
attributed the observed reductions in visual previewing to height-
ened fear of falling. Although these findings highlight an association 
between fear of falling and altered gaze behavior when walking, 
they fail to establish a causal link; a process that necessitates both 
the direct experimental manipulation of fall-related anxiety and the 
measurement of visual search.

An extensive body of research has, however, described the dramatic 
changes in walking behaviors adopted by older adults during conditions 
of experimentally induced fear of falling. For example, when walking 
along a walkway elevated 0.6 m above the laboratory floor, older adults 
will adopt more cautious gait, displaying slower gait speed, shorter 
steps, and spending longer in double-limb support (7). Although this 
body of work demonstrates that older adults fearful of falling will alter 
how they walk on a flat path, it remains unknown how experimentally 
induced fall-related anxiety will influence older adults’ visuomotor con-
trol of locomotion during more complex, adaptive gait tasks.

Therefore, this study aimed to evaluate a possible causal link 
between fall-related anxiety and altered patterns of visual search 
in older adults when navigating a series of stepping constraints. 
Specifically, we explored whether the patterns of visual search be-
haviors previously observed in high-risk older adults (4,5,8) could 
be induced in a group of low-risk older adults during conditions 
designed to elicit fall-related anxiety.

Methods

Participants
Forty-four community-dwelling older adults (aged > 60; female/
male: 30/14; mean ± SD age: 74.61  ± 6.83) were recruited from 
local community groups. Previous related research has reported ef-
fect sizes between 0.57 and 1.38 for key, comparable variables (9). 
Consequently, a power analysis determined that 19 participants per-
group (low- and high-risk) would be required to obtain 80% power. 
Participants were deemed to be at a high risk of falling if they had 
experienced two or more falls within the past 12 months (N = 10), or 
if they presented two or more of the following risk factors (N = 10): 
one fall within the past 12 months; slow walking speed, determined 
by a Timed up and Go (TuG) score more than 12 seconds (10), or; 
low strength (11–13), determined by dominant handgrip strength 
less than 22 kgf for females and 32 kgf for males (12,14). Handgrip 
strength was used to provide further sensitivity to the classification 
algorithm; however, every individual classified as “high-risk” had 
either recently fallen and/or exhibited slow gait, independent of 
low grip strength. Consequently, 24 participants were classified as 
“low-risk” and 20 participants were classified as “high-risk.” Before 
participation, participants also completed the Falls-Efficacy Scale 
International (FES-I (15)). Demographic information for each group 
is reported in Table 1.

Participants were free from any neurological, cardiovascular, or 
musculoskeletal impairment that prohibited them from walking 10 
m without a walking aid. Participants were excluded if they demon-
strated major cognitive impairment (MiniCog score of < 3 (16)), or 

if they were currently prescribed anxiety or dizziness medication. All 
participants were free from significant deficits in either visual acuity 
(20/40 vision or better) or contrast sensitivity. Individuals who re-
quired the use of glasses during daily locomotion were screened 
for compatibility with the eye-tracking equipment and invited to 
participate if it was possible to calibrate the eye-tracker over their 
glasses. Five participants (three low-risk and two high-risk) wore 
glasses during testing. Of these, one high-risk and one low-risk 
wore bifocal glasses, while the remainder wore single lens glasses 
for distant vision. Participants requiring the use of glasses during 
daily locomotion completed tests of visual acuity and contrast sensi-
tivity and while wearing their glasses. Institutional ethical approval 
was obtained from the local ethics committee and the research 
was carried out in accordance with the principles laid down by the 
Declaration of Helsinki. All participants provided written informed 
consent before participation.

Protocol
On arrival, participants were fitted with reflective markers placed 
on the heel, mid-foot, and toe of both feet, and then with a Mobile 
Eye-XG portable eye-tracking system (ASL, Bedford, MA). As per 
Ellmers and Young (9), the experimental task involved walking at a 
comfortable, self-determined pace along a wooden walkway (width 
of 40  cm and length of 3.4 m) and stepping into two foam rect-
angular targets (Figure 1A). Targets could appear in two possible 
locations (midpoint of first target: either 1.5 m or 1.4 m from the 
walkway start-line; midpoint of second target: either 2.5 m or 2.4 
m from the start-line). Target locations were rearranged after every 
third trial to reduce familiarization. The foam targets had raised bor-
ders to impose a degree of postural threat (foam border width and 
height  =  4  cm), and the inside target area was 19  cm × 41.5  cm 
(width and length, respectively; see Figure 1A). Participants were in-
structed to step into the targets as centrally as possible, with which-
ever foot they wished. Before the start of each trial, participants 
stood at a “start-line” with their eyes closed to prevent them from 
visually previewing the walkway. Following an auditory “go” tone, 
participants opened their eyes and commenced walking. Before data 
collection, participants completed three familiarization trials.

Low-risk participants completed the protocol under two con-
ditions: (i) ground (walkway at ground level), and (ii) threat 
(walkway elevated 0.6 m above the laboratory floor; see Figure 1B). 
Participants completed one 5-trial block of walks for each condition, 
and the presentation order of these conditions was counterbalanced 
across participants. In contrast, high-risk participants completed a 
single block of five walks at ground. All trials were completed in the 
absence of a safety harness. To enhance safety, two experimenters 
were present at all times, and participants were reminded of their 
right to withdraw from the study.

Table 1.  Participant Characteristics

Measure: mean (± SD)
Low-risk group  
(n = 24)

High-risk group  
(n = 20)

Age** 72.04 (± 5.74) 77.70 (± 6.88)
Gender (males) 9 (37.50%) 5 (25.00%)
Number of fallers (past 12 months) 1/24 12/20
TU&G (seconds)*** 9.33 (± 1.29) 13.22 (± 2.88)
Grip strength (kgf)** 29.20 (± 10.75) 20.76 (± 4.29)
MiniCog 4.25 (± 0.79) 4.25 (± 0.79)
FES-I*** 19.83 (± 3.10) 26.25 (± 5.32)

**p < .01; ***p < .001.
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State Psychological Measures
To assess concern about falling, participants reported state levels of 
both balance confidence and fear of falling (17). Before each block, 
participants rated their confidence to maintain balance and avoid a 
fall. Scores ranged from 0% (not at all confident) to 100% (com-
pletely confident). After each block, participants rated their fear of 
falling (averaged across the previous five trials) on a scale ranging 
from 0% (not at all fearful) to 100% (completely fearful). After each 
block participants also rated, on an 11-point Likert scale (1 = never, 
11  =  always), the degree to which they were thinking about, or 
paying attention to: Movement processes; Threats to balance; 
Worries or disturbing thoughts; Self-regulatory strategies; and 
Task-irrelevant information. These categories, and the descriptions 
provided to participants, were based on previous research (9). The 
descriptions provided to participants for each category can be found 
in Supplementary Table 1. To explore the impact of fall-related anx-
iety on processing efficiency (the amount of mental effort required 
to maintain effective task performance), participants also completed 
the Rating Scale of Mental Effort (18). This involved participants 
rating the level of mental effort required to complete the previous 
five trials, on a single continuum scale ranging from 0 to 150.

Motor Performance
The following motor performance variables were calculated: (i) time 
to complete the walking trial(s); (ii) stance duration preceding the 
first and second target; and (iii) stepping error (mm) in both an-
terior–posterior (AP) and mediolateral (ML) directions for the first 
and second target. Kinematic data were collected at 100 Hz using a 

Vicon motion capture system (Oxford Metrics, England) and passed 
through a low-pass Butterworth filter with a cutoff frequency of 5 
Hz (4,9). Time to complete the walking trial was calculated as the 
time between the “go” tone and heel contact of the final step on 
the walkway. “Stance durations” were defined as the duration be-
tween heel contact and toe-off of the foot performing the target step. 
Stepping error was calculated by subtracting the coordinate of the 
mid-foot marker from the coordinate of the center of the target, in 
AP and ML directions, respectively (4,9). Data were analyzed using 
custom algorithms in MATLAB, version 7.11 (MathWorks, Natick, 
MA). Kinematic data were assigned a randomized code to allow for 
blinded analysis, and variables were averaged across conditions. 
Because of technical limitations, one high-risk participant was ex-
cluded from kinematic data analyses.

Gaze Behavior
Visual fixations were defined as a gaze that endured on a single loca-
tion for 100 ms or longer (19). Fixation locations were classified as 
one of the four areas of interest (Figure 1A): (i) immediate walkway 
(the walkway area before the first target); (ii) the first target; (iii) 
second walkway area (the walkway between the first and second 
target); and (iv) the second target. These areas of interest were used 
to determine the duration spent fixating each location during the ap-
proach to the first target (until heel contact into this target). Fixation 
duration data were normalized to individual trial length by pre-
senting data as the percentage of time spent fixating each area of 
interest. As a further measure of visual previewing, the number of 
fixations made toward the second target (until heel contact into the 
first target) were also calculated. The location of the first fixation 
was also assessed. To determine this variable, each area of interest 
was allocated a number from 1 to 4 (immediate walkway = 1; first 
target  =  2; second walkway area  =  3; second target  =  4), with  a 
lower number indicating that the first fixation occurred toward more 
proximal walkway areas. Finally, the number of gaze transfers be-
tween the four areas of interest per-second (before heel contact in 
the first target) were also calculated to indicate the extent of visual 
exploration.

Variables were averaged across each condition. Trials where the 
point-of-gaze crosshair disappeared for the duration of four frames 
or more were discarded (9). Participants with a trial-discard rate 
higher than 40% were excluded from all eye-tracking analyses. 
This procedure resulted in one high-risk participant’s data being ex-
cluded. A total of 81 trials were analyzed for high-risk participants 
at ground (M  =  4.50 trials per participant), whereas for low-risk 
participants, 110 trials were analyzed at ground (M = 4.35 trials per 
participant) and 108 analyzed for threat (M = 4.55 trials per partici-
pant). Although attempts were made to blind the assessor to experi-
mental conditions, this was not possible given between-condition 
differences in the environmental scene.

Statistical Analysis
Between-group ground comparisons
Separate independent samples t-tests were used to compare high- 
and low-risk participants for all aforementioned variables during 
ground trials. Where data were nonnormally distributed, separate 
Mann–Whitney U-tests were used instead. For all statistical com-
parisons, effect sizes are reported as Cohen’s d; unless the assump-
tion of normality is violated, whereby effect sizes are reported as 
r = Z/√N. Separate partial correlations (controlling for age, TuG, and 
MiniCog scores) were used to compare the relationships between 

Figure 1.  (A) Schematic diagram of the walkway and precision stepping task. 
The foam targets had a border width and height of 4 cm (ie, the foam border 
was 4 cm wide and raised 4 cm from the walkway). The arrows denote the 
different areas of interest for which the walkway was separated into for the 
gaze analysis. (B) Schematic diagram of the raised walkway during threat. 
The black dashed lines represent the “restricted” visual previewing/planning 
predicted in both the low-risk participants during threat and the high-risk 
participants during ground trials. In contrast, the gray dashed lines represent 
the “proactive” visual search predicted in low-risk participants during ground 
trials.
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any state-psychological measures for which a statistically significant 
between-group difference was observed, and all statistically signifi-
cant (between-group difference) motor performance and gaze be-
havior variables. Where data were nonnormally distributed, analyses 
were conducted using Spearman’s correlation.

Within-subject (low-risk) ground–threat comparisons
Separate paired-samples t-tests were used to explore within-subject 
ground–threat changes in all variables. Where data were non-
normally distributed, separate Wilcoxon tests were used instead. 
One low-risk participant did not wish to complete threat trials, re-
sulting in within-subject analyses being conducted on the remaining 
23 low-risk participants.

Results

Please see Supplementary Table 2 for mean values (and standard 
error of the mean) for all assessed variables.

Between-Group Ground Comparisons
State psychological measures
During the walking task, high-risk participants reported significantly 
lower balance confidence (U = 114.50, p = .001, r = .46), significantly 
higher fear of falling (U = 76.50, p < .001, r = .64), and significantly 
greater mental effort (U = 86.50, p < .001, r = .56), compared with 
low-risk participants. High-risk participants also reported directing 
significantly greater attention toward movement processes (U = 63.50, 
p < .001, r = .64), threats to balance (U = 85.00, p < .001, r = .58), 
worries or disturbing thoughts (U = 131.00, p < .001, r = .50), and 
self-regulatory strategies (U = 151.50, p = .011, r = .35). There was a 
lack of significant between-group difference in attention directed to-
ward task-irrelevant thoughts (U = 216.00, p = .17, r = .14).

Motor performance measures
Compared with low-risk participants, high-risk participants took 
significantly longer to complete the walking task (t(41) = –4.92, p < 
.001, d = 1.44). They also exhibited significantly longer stance dur-
ations preceding both the first (U = 108.00, p = .003, r = .45) and 
second target (t(41)  =  –4.54, p < .001, d  =  1.39). High-risk par-
ticipants also had significantly greater ML stepping errors when 
stepping into the second target (U = 150.00, p = .028, r = .29; Figure 
2C). There was, however, no significant between-group difference 
for either AP (U = 180.00, p =  .12, r =  .18) or ML (U = 188.00, 
p = .17, r = 0.15) stepping errors into the first target, or AP stepping 
errors into the second target (U = 223.00, p = .45, r = .02). Motor 
performance data are presented in Figure 2.

Gaze behavior measures
Compared with their low-risk counterparts, high-risk participants’ 
first fixations were located toward more proximal walkway areas 
(U = 89.50, p < .001, r = .52). High-risk participants also spent a sig-
nificantly greater percentage of time fixating the immediate walkway 
(U = 77.00, p < .001, r = .56), and a significantly smaller percentage 
of time fixating the second target (U = 103.00, p =  .001, r =  .47). 
High-risk participants also exhibited significantly fewer previewing 
fixations toward the second target (U = 106.50, p = .001, r = .46; 
Figure 3B)—with 52.63% of high-risk participants failing to make 
a single previewing fixation toward the second target (compared to 
only 13.04% of low-risk participants). High-risk participants also 
transferred their gaze between the different areas of the walkway 

significantly less (U = 137.00, p = .013, r = .34). There was no signifi-
cant between-group difference in time spent fixating either the first 
target (t(41) = 1.75, p = .09, d = 0.54) or the second walkway area 
(U = 201.00, p = .51, r = .10). Gaze data are presented in Figure 3.

Correlational analyses
Only significant correlations are reported in this section. Please see 
Supplementary Tables 3 and 4 for a complete list of r-values for all 
analyzed correlations. All correlations are reported while controlling 
for age, TuG, and MiniCog scores.

Regarding motor performance variables, greater trial comple-
tion times were associated with greater fear of falling (r  =  .294, 
p = .033), mental effort (r = .385, p = .014), and attention directed 
toward both movement processes (r = .479, p = .001) and threats to 
balance (r = .353, p = .013). Greater stance durations preceding the 
first target were associated with lower balance confidence (r = –.335, 
p = .017) and greater attention toward movement processes (r = .264, 
p  =  .050), whereas greater stance durations preceding the second 

Figure 2.  Comparisons of low- and high-risk participants at ground (between-
group analysis), and low-risk participants at ground and threat (within-subject 
change), for stance durations preceding the first (A) and second target (B), 
ML stepping error into the second target (C) and time to complete the task 
(D), *p < .05, **p < .01, ***p < .001 (mean ± standard error of the mean).

Figure 3.  Comparisons of low- and high-risk participants at ground (between-
group analysis), and low-risk participants at ground and threat (within-
subject change), for first fixation location (with lower values indicating 
fixations toward more proximal areas; A), number of previewing fixations 
toward the second target (average per trial; B), and duration of fixations (as a 
%) toward the immediate walkway (C) and second target (D), **p < .01, ***p 
< .001 (mean ± standard error of the mean).
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target were associated with greater mental effort (r = .342, p = .031) 
and attention toward movement processes (r = .461, p = .001).

Regarding gaze behavior, greater attention directed toward 
threats to balance was associated with first fixations occurring to-
ward more proximal walkway areas (r = –.308, p =  .027). Longer 
times fixating the immediate walkway were associated with both 
lower balance confidence (r = –.351, p = .013) and greater attention 
toward movement processes (r = .386, p = .007). Both a lower dur-
ation and frequency of fixations on the second target were associated 
with greater attention toward both movement processes (r = –.331, 
p =  .019 and r = –.284, p =  .038, respectively) and self-regulatory 
strategies (r = –.332, p = .036 and r = –.376, p = .016, respectively).

Within-Subject (Low-Risk) Ground–Threat Changes
State psychological measures
During threat, participants reported significant reductions in balance 
confidence (Z = −3.43, p < .001, r = .72), and significant increases 
in both fear of falling (Z = −3.60, p < .001, r = .75) and mental ef-
fort (Z = −3.41, p < .001, r = .71). They also reported directing sig-
nificantly greater attention toward movement processes (Z = −2.75, 
p = .003, r = .57), threats to balance (Z = −2.36, p = .009, r = .49), 
worries/disturbing thoughts (Z  =  −2.03, p  =  .021, r  =  .42), and 
self-regulatory strategies (Z = −2.79, p = .003, r = .58). There was a 
lack of significant change in attention directed toward task-irrelevant 
information (Z = −0.73, p = .23, r = .15).

Motor performance measures
Participants took significantly longer to complete the walking task 
during threat (t(22) = –5.57, p < .001, d = 0.99). Although there was 
no significant ground–threat change in stance durations preceding 
the first target (t(22) = –0.44, p =  .34, d = 0.08), stance durations 
preceding the second target were significantly longer during threat 
(Z = −3.50, p < .001, r = .74). Stepping errors in all directions for 
both the first target (AP: Z = –.06, p = .48, r = .01; ML: Z = −1.28, 
p  =  .10, r  =  .27) and the second target (AP: Z  =  −1.40, p  =  .08, 
r = .29; ML: Z = −1.10, p = .14, r = .23) remained unchanged. Motor 
performance data are presented in Figure 2.

Gaze behavior measures
Participants’ first fixations were located toward more prox-
imal walkway areas during threat (Z  = −4.02, p < .001, r  =  .84). 
Participants also spent a significantly greater percentage of time 
fixating the immediate walkway (Z  =  −3.74, p < .001, r  =  .78), 
and a significantly smaller percentage of time fixating both the 
first target (t(22)  =  3.53, p  =  .002, d  =  0.57) and second target 
(Z = −2.95, p = .002, r = .62). During threat, participants also ex-
hibited significantly fewer previewing fixations toward the second 
target (Z = −3.06, p =  .001, r =  .64; Figure 3B)—with 39.13% of 
participants failing to make a single previewing fixation toward 
the second target during threat trials (compared with only 13.04% 
during ground). Both the number of gaze transfers (Z  =  −1.13, 
p = .13, r = .24) and the percentage of time spent fixating the second 
walkway area (Z  = −1.01, p  =  .31, r  =  .21) remained unchanged. 
Gaze data are presented in Figure 3.

Discussion

The aim of this study was to evaluate a possible link between fall-
related anxiety and visual search behaviors reported previously in 
high-risk older adults during adaptive location (4,5,8). We observed 

significant between-group differences (based on fall-risk) in visual 
search behaviors during trials at ground level. Specifically, high-risk 
participants directed their gaze initially toward more proximal areas 
of the walkway (ie, a gaze bias for immediate threats to balance (9)). 
Following these initial fixations, they continued to visually priori-
tize proximal areas of the walking path (immediate walkway), at 
the expense of previewing future stepping constraints (second target; 
Figure 3). These behaviors likely represent a compensatory mech-
anism serving to reduce the immediate risk of producing a misplaced 
step. In some situations—particularly those without the need for ex-
tensive feedforward planning—such behaviors may enhance safety. 
However, in the present research, this restricted feedforward plan-
ning appeared to reduce safety—with high-risk participants exhib-
iting significantly greater ML stepping errors for the second target. 
Given the lack of significant between-group difference in either AP 
or ML stepping error for the first target (which accompanied the 
lack of significant between-group difference in time spent fixating 
this constraint), we argue that the increased stepping errors for 
the second target are unlikely to simply reflect a general inability 
to produce an accurate step. Rather, we suggest that these unsafe 
stepping behaviors are the likely consequence of a suboptimal visual 
planning strategy.

As with previous research (4), high-risk participants reported 
greater state fear of falling, and lower balance confidence, when 
completing the adaptive gait task at ground level. When walking at 
height, low-risk participants too reported reduced state balance con-
fidence and greater fear of falling. They also adopted patterns of 
gaze behavior largely reminiscent of those observed in high-risk par-
ticipants during ground trials (Figure 3). Although we acknowledge 
that factors other than anxiety will have likely contributed to and/
or exacerbated these behaviors in the high-risk group, these results 
nonetheless highlight a link between heightened fall-related anxiety 
and “high-risk” behaviors reported both previously (4) and herein.

The gaze behaviors observed in both high-risk participants at 
ground, and low-risk participants during threat, are also compar-
able to those reported previously in young adults during condi-
tions inducing the conscious processing of stepping movements (9). 
Interestingly, both high-risk participants at ground level, and low-
risk participants walking at height reported directing greater atten-
tion toward consciously processing walking movements. Researchers 
have previously proposed that individuals anxious about falling will 
consciously process individual stepping movements—visually priori-
tizing areas of the walking environment needed to do so (eg, looking 
1–2 steps ahead to ensure accurate placement of individual steps 
(9)). The correlational analyses conducted in the present study pro-
vide preliminary support for such an assumption. When controlling 
for age, cognitive, and physical functioning, we found significant 
positive associations between self-reported conscious movement 
processing and the time spent fixating the proximal walkway, during 
ground level walks. During threat trials, low-risk participants also 
reported heightened conscious movement processing, providing fur-
ther support for the assumption that these gaze behaviors might be 
a consequence of anxious individuals prioritizing the visual informa-
tion needed to consciously process individual stepping movements.

High-risk participants exhibited longer stance durations pre-
ceding both stepping targets, with correlational analyses associating 
these behaviors with heightened conscious movement processing 
(when controlling for, among other variables, gait speed). This latter 
finding is consistent with previous research (20). We suggest that 
high-risk participants likely prolonged the stance phase of these 
steps in an attempt to (consciously) maximize stepping accuracy into 
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the target. Nonetheless, significantly greater stepping errors were ob-
served in high-risk participants when stepping into the unpreviewed 
second target. This indicates that despite prolonged stance phases 
preceding the second target (indicating increased preparation/pre-
programming of the following target step (21)), high-risk partici-
pants might require visual information before this phase in the gait 
cycle to step accurately. Alternatively, it is possible that high-risk par-
ticipants merely required longer stance durations than those exhib-
ited to acquire the relevant visual information.

In contrast, anxious low-risk participants appeared able to suc-
cessfully adapt and refine stepping actions to compensate for restric-
tions in visual previewing and feedforward planning. Specifically, our 
results indicate these individuals were able to successfully obtain the 
visual information needed for successful negotiation by increasing 
the stance durations preceding the unpreviewed target (Figure 2B). 
Although both groups increased stance durations preceding the 
unpreviewed second target, these increases were proportionately 
larger in low-risk participants. For example, during threat trials, low-
risk participants’ stance durations preceding the second target were 
on average over 20% longer than those preceding the first target. In 
contrast, stance durations between the previewed first target, and 
the unpreviewed second, differed by only 10% in high-risk partici-
pants. Perhaps high-risk participants might have similarly been able 
to compensate for reductions in feedforward planning by further 
increasing the duration of these stance phases. If so, then this raises 
the interesting question as to why these individuals were unable to 
determine that they had acquired insufficient visual information to 
plan and prepare the subsequent precision step.

It is, however, noteworthy that while low-risk participants were 
able to counteract such restricted visual search patterns during the 
present task through compensatory adaptive strategies, this came 
at a cost to movement efficiency (eg, increased stance durations). 
It is, therefore, likely that failing to preview upcoming constraints 
in a feedforward manner will nonetheless lead to negative behav-
ioral consequences in this population during more complex locomo-
tive tasks (eg, tasks requiring rapid, accurate, and possibly reactive 
stepping movements).

One limitation of this study is the variables used to categorize 
participants as either high or low risk. For example, although TuG 
is a commonly used screening tool for fall-risk in both research and 
clinical settings (10,22), a more thorough assessment of functional 
balance would have nonetheless allowed for greater sensitivity when 
determining an individual’s physical risk of falling. Relatedly, al-
though low handgrip strength has  been associated with increased 
fall-risk(13), this assessment nonetheless remains less of an es-
tablished risk-factor than either previous falls or walking speed. 
However, as grip strength was used to categorize participants in 
conjunction with these other well-established risk-factors, we do not 
consider this to be a major weakness of the study. Finally, although 
the current results describe associations between self-reported con-
scious movement processing and numerous anxiety-related gaze 
behaviors, such analyses provide only weak evidence of a causal re-
lationship. Future research should, therefore, look to experimentally 
manipulate levels of conscious movement processing in older adults, 
independent of anxiety.

Conclusion

In conclusion, our findings highlight a link between fall-related anx-
iety and “high-risk” visual search behaviors. Specifically, our results 
indicate that older adults anxious about falling (either high-risk par-
ticipants walking at ground level, or low-risk participants walking 

at height) will display an initial gaze bias for immediate threats to 
their balance, prioritizing initial fixations toward proximal walkway 
areas. To overcome these heightened threats, it appears that anx-
ious older adults will then attempt to consciously process individual 
steps—visually prioritizing the walkway areas needed for such con-
scious processing (eg, the walkway 1–2 steps ahead). However, the 
current results also highlight that such behaviors may paradoxically 
reduce stepping safety by virtue of restricting the visual information 
obtained about subsequent stepping constraints—thus impairing 
an individual’s ability to perceive and negotiate upcoming environ-
mental hazards. Thus, although these behaviors likely represent a 
compensatory mechanism serving to reduce the immediate risk of 
falling, they may subsequently increase future risk. This information 
enhances our understanding of why high-risk older adults are less 
able to safely navigate environmental constraints and suggests that 
strategies targeting fall-related anxiety may be an effective strategy 
for reducing unsafe stepping behaviors in older adults.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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