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Abstract
Background: Body movement-controlled video games involving physical motion and visual attention may have
the potential to train both abilities simultaneously. Our purpose was to determine the associations between
performance in these games and visual attention, balance and mobility in a group of older adults. The long-term
goal is to identify the optimal type of interactive games with regards to training potential.
Methods: Fifty healthy adults aged 65+ years participated in this cross-sectional study. Visual attention was
measured with static and dynamic versions of a useful field of view (UFV) and a multiple object tracking (MOT) test.
Balance was measured with a force plate in bi-pedal quiet stance test (QST) and one-legged stance (OLST). Gait
variability and walking speed were assessed with the Five Meter Walk Test (5MWT). Four Microsoft™ Xbox® 360
Kinect™ interactive video games were chosen based on the apparent levels of visual attention demand.
Results: Visual attention (UFV and MOT) was significantly associated with performance in Xbox® Kinect™ games that
appeared to have a high visual attention demand (p < 0.05), while there was minimal or no significant association
with games with apparent low visual attention demand. Balance and mobility show correlations with visual
attention, and with Xbox games.
Conclusion: The results suggest that there are relationships between visual attention, balance, mobility and Xbox® Kinect™
game performance. Since different Xbox® games were associated with different balance, mobility and visual attention scores,
a variety of such games, rather than a single game, may be most effective for training for falls prevention.
Keywords: Visual attention, Balance, Mobility, Video games, Gait, Useful field of view, Multiple object tracking, Body
movement-controlled video games, Microsoft™ Xbox® 360 Kinect™

Introduction
Experiencing a fall can pose a serious threat to the safety
and health of an older adult. Falls are the leading injury
resulting in death worldwide [60]. In Canada there is an
increase in prevalence among seniors who are 65 years
or older [45, 53] which is representative of the global
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falls epidemic. Falls are also the leading cause of partial
or total permanent disability due to injury in this older
age group [49, 53]. Thirty percent of adults > 65 years
fall once per year [26] and this rises to 50% in those who
are over 80 years of age [30]. Among older adults who
fall, 20 to 30% have moderate to severe injuries that lead
to serious health impacts or even to death [2, 52]. The
impact of a falls is not confined only to the injury itself
because, even with no reported physical injury there can
be a loss of confidence that leads to a decrease of activities which may lead to future falls [2, 13, 17].
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Falls are multifactorial [2, 54, 62]. The most pertinent
to the current study are the internal biological factors related to falls, specifically vision and balance control. The
control of balance is an integrative process between
three sensory systems: visual, vestibular and somatosensory [37]. Some studies indicate that visual input is the
most salient, particularly for mobility [24, 35]. The role
of visual input in maintaining balance and preventing a
fall has been extensively studied [7, 37]. In particular,
visual acuity, visual field, contrast sensitivity, glare sensitivity, and depth perception often have been studied and
shown to be main aspects of vision that are associated
with falls [7, 24, 37, 38]. Recent studies have included
another important aspect of vision, visual attention, and
have shown a relationship with balance [1] and mobility
[34, 41]. These studies used useful field of view (UFV)
tests to measure attention, which are well-researched [4,
51] and improve with training [51]. The UFV can document delays in the processing time of the sensory information [5, 55, 56] or errors during divided attention
tasks [10, 33]. These delays and errors may result in
negative effects on the postural control system, i.e. loss
of balance and/or a fall.
Video gaming has markedly increased in popularity,
driven in part with new developments in visual technology [20, 23]. Recently, research has examined the potential of this technology for falls prevention and falls
rehabilitation purposes [19, 42, 43, 47, 48]. Traditionally,
exercise is an important component of falls prevention
and rehabilitation programmes [18] and recent research
findings have shown that Nintendo Wii balance board
(WBB) or Xbox® Kinect™ can be used to present a
unique and fun environment to assess and train the
physical performance of both young and older people
[19, 42, 43, 47, 48]. For example, performance on Nintendo Wii balance board (WBB) correlates with balance
measures and exercising with such games can improve
balance [19, 42]. These video games create a virtual reality scene on a computer or television screen and the
player then alters their body position to interact with the
virtual environment. In the Nintendo WBB games, the
player’s movements are detected by a balance board controller (the WBB) which enables them to control the
game avatar’s movements. Unfortunately, the size of balance board may present a challenge to some players due
to the small base of support provided and may also limit
a player’s movement as the player cannot step beyond
the board.
These limitations are not applicable with systems that
use a body motion sensor (called body movementcontrolled video games), such as Xbox® 360® Kinect™,
which can track body posture and motion in free space
[6, 57]. The advantage of using kinematic based motion
sensors is that the player can move and exercise over a
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more extensive space, making it possible to include a
wider range of physical activities. Body movement
games, such as Xbox® Kinect™, may have an additional
benefit over straightforward exercise, providing simultaneous physical exercise and vision attention training as
they provide simultaneous physical exercise and vision
attention training, which in turn provides synergic benefits on cognitive and brain functioning [12] and may
help to reduce fragility in the elderly [9].
The relationship between video games and visual attention has been addressed in some research studies.
Video game players show better performance in selective
attention and divided attention as measured with UFV
[20, 22] and are also able to successfully track a greater
number of objects for a MOT task [15, 20, 21]. The degree of visual attention training would likely be optimised with games that include a high visual demand.
The purpose of this study is to determine the potential
of this type of training to improve visual attention, balance and mobility in a group of older adults and based
on these findings, choose the optimal type of Xbox®
games to facilitate the largest gains in these areas for future studies. Xbox® Kinect™ games were chosen that appeared to have a stronger or a weaker visual attention
requirement. We hypothesize that performance on the
games that appear to have high visual attention demand
will be predicted by tests of visual attention in comparison to games with low apparent visual demand. We are
also interested to study the associations between visual
attention and measures of mobility and balance. Therefore, the present study also aimed to determine the relationships between visual attention, balance, mobility and
performance in Xbox® Kinect™ games.

Methods
The study was reviewed and received clearance through
a University of Waterloo Research Ethics Committee
(ORE 20689) and was conducted according to the Declaration of Helsinki guidelines.
Subjects

This cross sectional study took place at the University of
Waterloo School of Optometry and Vision Science between January 2015 and June 2017. Fifty participants
aged 65+ years were recruited from the University of
Waterloo Optometry Clinic and from among staff and
faculty, and their friends and family members at the
School of Optometry and Vision Science, University of
Waterloo. We also used “snowball” recruiting where participants were asked if they knew of friends or family
who might be eligible and willing to participant.
Inclusion criteria for all participants were: aged 65 and
above, either biological sex, relatively good health (see
below), Montreal Cognitive Assessment (MoCA) test
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score after correction for level of education ≥24 [40, 50],
not using medications which are a known the risk for
falls (see below), independently mobile (able to walk
without a cane or walking frame), no clinical vision loss
(described below), and no previous use of Xbox® exercise
gaming. Participants with a diagnosis of the following
were excluded: dementia, Parkinson’s disease, history of
cerebrovascular accident resulting in residual paresis,
multiple sclerosis, cerebellar dysfunction, peripheral
neuropathy of any etiology, advanced arthritis so as to
cause significantly reduced range of motion of the
weight bearing or small joints, or significant hearing loss.
Use of medications is expected to be high in this age
group, so we only excluded participants who used medications which may increase the risk of falls or impair
balance (i.e., antipsychotics, sedatives, antidepressants,
anti-histamines, anti-hypertensive, and long-acting sleeping medications). For vision, all participants had binocular visual acuity 6/12 (20/40) or better, with no
diagnosed glaucoma or hemianopia.
Our sample size was similar to that reported in previous similar correlation studies. Bowers (2013; sample
size N = 32) found r = 0.36 and 0.50 between UFV and
MOT, Leat and Lovie-Kitchin [34] sample size N = 35)
found r between 0.3 and 0.62 between AFV and various
aspects of mobility, Althomali and Leat ([1] sample size
N = 72) found r = 0.4 between balance (one-legged stance
test) and UFV Reed-Jones et al. (2011; sample size N =
34) found correlations of 0.24 to 0.34 between UFV
measures and Wii balance. We also performed a sample
size calculation. Based on these studies set our statistical
significance acceptance to be a value of r = 0.45, alpha =
0.05, power = 80%, which required a total of 36 study
participants for our experimental paradigm. We increased this to fifty.
Procedures
Screening for inclusion criteria

A questionnaire included questions about general and
ocular health, and medications, which was administered
either by phone or in person. The Montreal Cognitive
assessment (MoCA) (www.mocatest.org) was administered in the usual way, with the exception that the letter
T was used instead of F for the Language component.
The result was corrected for the level of education and
the exclusion criterion was chosen as < 24 [40].
Visual acuity was measured binocularly with the participant’s habitual spectacles, defined as those that the
participant used for driving, walking and shopping. Visual acuity (VA) was measured with the ETDRS visual
acuity chart “R”, available from Precision Vision (www.
precision-vision.com), at 4 m [16]. The chart luminance
was between 80 and 120 cd/m2. Visual acuity was measured in logMAR using by-letter scoring [3, 27].
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Monocular visual field screening was conducted for
each eye in order to confirm that there was no large field
defect of which the participant was unaware. A confrontation test was used, the participant being asked to count
fingers presented in each field quadrant [14].
Balance measures

Participants were asked to undertake two different sets
of balance assessments: bi-pedal quiet stance (QST) and
the one-legged stance test (OLST). Both balance tests
were performed with the eyes open, fixating on a target
in front of them; each balance assessment condition was
performed three times. The QST required them to stand
quietly (without moving or talking) on a portable force
plate (200 Hz; AccuGAIT, AMTI, Inc) with the feet
placed approximately shoulder width apart for one minute. The portable force plate measures ground reaction
forces and moments under the feet and facilitates the
calculation of the centre of pressure (CoP; the weighted
average of the pressure underneath the feet; [44]. Participants were required to lightly clasp their hands together
in front for the duration of the trial. For OLST the participant was asked to stand still on his/her preferred leg
with the other leg extended in front for 30 s with their
hands held at their sides.
To reduce the impact of initial and final
acclimatization periods on the force plate, only the middle 50 s for the quiet stance trials and 20 s for single
legged stance trials were used to calculate the centre of
pressure (i.e. the first and final 5 s were deleted for each
trial). For each participant, the maximum anteriorposterior (AP) and medial-lateral (ML) CoP values and
range were calculated. The path length in centimeters
(cm) was then calculated for each time point using Pythagorean theorem from CoP anterior-posterior (AP)
and medial-lateral (ML) sway values. From this data, the
cumulative path length (CPL) was calculated (sum of the
resulting path length vector, over time). The standard
deviation of each of these measures for each person was
calculated to give a measure of their postural variability.
Variability is a measure of balance control; in general,
high variability in CoP measures for an individual is indicative of poor overall balance control and an increased
risk for falls [39].
Mobility/gait test

A Five-Meter Walking Test (5MWT) was used to assess
walking speed and gait variability for all participants.
Participants wore their comfortable walking shoes and
preceded to walk back and forth (~ 13-m pathway) on a
hard floor, covered with a strip of paper which was taped
to the floor, for a total of 2 walking trials. Before they
walked, stickers were attached to the posterior heel of
their shoes [58] that were subsequently covered with
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ink, to mark their steps. The length of the paper was 9
m and the width was 65 cm. Two meters (about three
steps) was added at the beginning and at the end of the
paper walkway to facilitate the examination of gait parameters during the steady state stage of gait only, i.e.
the acceleration phase (gait initiation) and the deceleration phase (gait termination) were not included in the
analyses. All participants were instructed to walk at a
pace that they would normally use when shopping.
The 5MWT measures were determined from the central 5 m for both directions of walking (approximately
7–8 steps in each direction). The average time for walking in both directions was calculated. Following completion of the two walking trials, step length and width
(cm) was measured for each step from the ink marks
from heel to heel in the direction of travel and perpendicular to the direction of travel, respectively [58]. The
average and standard deviation of step length and width
were then calculated for each step and averaged across
the two walking trials. Lastly, an average of the walking
velocity for both 5-m walks was calculated (5 m/time to
complete) and then normalized to the leg length via the
calculation of a ratio (velocity/leg length, VL). This ratio
adjusted participants’ gait velocity for their leg length
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(measured from greater trochanter of the femur to the
floor) to facilitate comparisons across different
participants.
Visual attention tests

Spatial selective visual attention was measured using a
useful field of view (UFV) test [4, 32, 34, 51, 59] and
spatial, sustained visual attention was measured using a
Multiple Object Tracking test [8]. All the visual attention tests were presented on 23.6-in LED monitor at a
viewing distance of 50 cm. To focus on this working distance, participants were given + 1.75D over-the-counter
reading glasses to wear (over their habitual distance
glasses if they had them).
There were two versions of the useful field of view
tests: static and dynamic. The static version (UFV-S) was
similar to condition 4 (selective attention) in Leat et al.
[34] but with different targets [59]. The central task was
to identify if the target was either a smiling or frowning
face. The peripheral target was a ‘smiley face’ located
among circular distractors (Fig. 1)(a). The size of the
whole display subtended 30° by 30° at the 50 cm viewing
distance. There were 24 distractors arranged in three
concentric circles (10°, 20°, 30°) along eight axes. The

Fig. 1 The static useful field of view (UFV-S) a) stimulus in which a central target (smiling or frowning face) and peripheral target (smiling face)
are simultaneously presented among distractors (circles) for 200 ms. b) mask presented after the stimulus to eliminate any after-image. c)
response screen where participant had to verbally identify the central target first then point to the location of the peripheral target
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diameter of each distractor and target was 1.26° (11 mm)
in diameter and the line width was 0.23° (2 mm). The
peripheral target was presented twice in each location
and the order of all presentations was randomised,
therefore, there was a total of 48 trials, with each trial
presentation lasting 200 ms. After each trial, a mask
screen was shown to avoid any after-image effects (Fig.
1)(b). Then the participant had to verbally identify the
central target and point to the location of the peripheral
target on the response screen. The trial was considered
correct if the participant was able to correctly identify
the central target and accurately locate the peripheral
target. Participants received audible feedback for each
correct response. The outcome measure of this test was
accuracy, in percent.
The dynamic version of the UFV was developed as it
was thought that detecting movement might be more associated with ability to detect moving objects or targets
in the periphery during the Xbox® games. This test used
the same procedure as the UFV-S but differed in the
peripheral target. Instead of a smiley face, one of distractor circles moved upwards by 0.23° and then
returned to its position (one cycle up and down) during
the presentation of each trial (Fig. 2). All other measures
and outcomes were the same as the static UFV.
Before conducting the visual attention tests, each participant was given practice trials on both versions of
UFV tests. To reduce the practice effect, there were no
more than 10 practice trials for either static or dynamic
UFV and the target duration was longer (500 ms) to give
the participant more time to understand the test (without giving them practice at the actual test duration).
Sustained visual attention was measured with multiple
object tracking (MOT) [46]. To reduce test duration, the
brief MOT test was used [8]. The field size subtended
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20° (18.2 by 18.2 cm) at the 50 cm viewing distance. The
stimuli were six black circles 1.5° (1.31 cm) in diameter
which moved randomly on a white background. There
were three practice trials and 40 experimental trials. At
the beginning of each trial three of the stimuli circles
turned to yellow for 2 s and then turned to black again.
These three yellow circles were considered as targets.
The participant was required to track the three target
circles for 5–8 s, at which point the circles stopped moving and the participant was asked to identify the targets.
The trial was considered correct only if the participant
was able to identify all three targets correctly. The first
trial speed was always 12° per second. The speed threshold was determined with a one up, one down staircase.
The speed increased by 40% after a correct response and
decreased 60% after an incorrect response. The outcome
measure was the angular target speed to give a 60% correct threshold [8].
The Xbox® Kinect™ video games

The Xbox® 360® console with the Kinect™ controller was
used for the video games. The Kinect sensor can recognise and localise the physical position and motion of the
player. An avatar or virtual augmented image is created
by the game and is controlled by the motion of the
player. For all games, participants stood in front of a 39in TV (89 by 52 cm) at a distance of two meters. The
screen subtended 240 horizontally at 2 m, which is where
the participant started for each game. Four different
games were chosen based on the apparent visual requirements. Two games appeared to have high visual demand (action games) and two appeared to have low
visual demand (exercise games), chosen from Xbox®360
Kinect™ commercially available games called “Your
shape™” and “Sports season2”.

Fig. 2 The dynamic useful field of view (UFV-D), showing the stimulus screen with the central target (smiling or frowning face). The target is one
of the peripheral circles which moves up and down during the presentation time (200 ms). The inset illustrates the movement. The light grey
circle represents the maximum extent of movement away from its initial position, shown by the white circle
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The two apparently low visual demand games were
Leg exercise and Zen energy (Tai Chi). In these games,
participants followed an on-screen coach. In the Leg exercise, there were three exercise movements: step squat,
sumo squat and side to side lunge. The movements aim
to train the thigh muscles. In Zen energy, there were
three main movements: side travel, ballet movement and
warrior posture. These movements are meant to stretch
the thigh muscles and enhance balance control. For both
games, the movements were demonstrated by the experimenter and then the participant practiced them once
before they following the on-screen coach. The Kinect
sensor tracked the player’s movement and assessed their
ability to copy the correct position. A score is given
based on the accuracy with which they follow the
coach’s movements, and the outcome measure was the
final percentage score given in the software.
The two high visual demand games selected for study
had more visual complexity and faster motion, which required faster reactions and movement in order to attain
higher game scores. The games chosen were Skiing and
Stomp-it. In these games, participants saw a digital avatar which mimics their movements. Participants were
asked to control the avatar’s movement with their own
body movements and to achieve the best possible score.
In Skiing the participant stood in front of the screen
and mimicked downhill skiing movements, for example,
they were asked to avoid virtual flags/gates and make
jumps. As such, movements produced during the game
by players require more coordinated movements of the
upper and lower body; to obtain a high score quick reactions to the upcoming obstacles were required. After an
explanation, the participant completed one practice trial
using the game software and if there were no questions
or concerns they then completed two different downhill
runs. The outcome measure was the accuracy of performance in terms of successfully avoiding the flags and
gates and making the jumps. Note that the participant
did not have to actually jump (leave the ground) to make
the avatar jump – they could just flex their knees to
make a “sham” jump, and they were informed of this.
In Stomp-it colored panels start moving from right,
left, front-right or front-left of the screen and move towards the avatar. The participant was required to step
with one foot on each colored panel when it reaches the
avatar. The number of correct steps during the trial is
used to quantify the performance score of the participant. The participant was given an explanation and a
practice trial before commencing the actual experimental trial.
The TV screen showing the avatar was videotaped for
all games and this video recording was used afterward
for final scoring. For Skiing and Stomp-It a scoring system was devised to that each error (e.g., gate hit or
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incorrect step) was counted equally. For the exercise
games, the video was used, as the score for the game
remained on the screen too briefly to record in real
time.
The order of the visual attention tests and Xbox®
games was balanced as follows. The participant always
started with one visual attention test (UFV or MOT)
followed by one set of Xbox® games (Tai Chi/Legs or
Skiing/Stomp-It). Then the second visual attention test
was followed by the second set of Xbox games set. The
order of the specific attention tests and Xbox® games
was counter-balanced between the participants using a
block design and the order of the Xbox® games and UFV
tests was alternated between participants (e.g., Tai Chi/
Legs or Legs/Tai Chi, Static/Dynamic or Dynamic/Static
UFV).
One person (MA) collected all data including the clinical measures (e.g. MoCa, one-legged stance test, visual
acuity) which may have resulted in some bias. However,
this minimized issues related to inter-rater reliability
(e.g. instructions to participants) for these assessments.
Additionally, balance measures were derived from forceplate data and calculated separated from gait metrics,
which were computed and compiled in blocks subsequent to the participant’s visit.
Data analyses

For data analyses, the UFV scores were arcsine transformed as is usual [34]. The data were tested for normalcy with the Kolmogorov-Smirnov test and ShapiroWilk test. Since a number of the measures were found
not to be normally distributed, all the data were transformed by an arcsine transform (for those that were a
percent correct) or a log transformation. After transformation, all the data was found to be normally distributed, except for number of medications or general
health conditions. So, these variables (number of medications and general health conditions) were split into a
two-way score. For medications this was 0 for no medications and 1 for one or more, and for general health
this was zero for up to one condition and 1 for two or
more co-morbidities. For ease of understanding, the results are reported as the raw results (untransformed
data). The data were plotted as histograms and there
were clear outliers for some measures. Outliers that were
more than 3 standard deviations from the mean were excluded [29]. Note that there were no missing data in this
data set.
Statistical analyses

The data were first analysed with unadjusted univariate
linear regression analyses to describe the proposed relationships between the variables of interest. There were
three groups of correlations conducted; correlations
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within the visual attention tests, correlations of visual attention tests with video games and correlations of visual
attention tests with balance and mobility outcome measures. Adjusted Bonferroni correction was applied to
correct for multiple comparisons within each subanalysis [31]. The univariate analysis was followed by linear regression adjusting for age and then age, gender,
general health condition score and medications score.
Separate forward step-wise multiple regression analyses were conducted for video games and balance and
mobility measures as dependent variables. A p-value of
0.05 to enter and 0.10 to remove was used. Since there
was a high correlation among measures of attention,
mobility and two-legged stance balance, one independent variable was selected from each of these groups of
variables to enter the model. The one chosen from each
group was that which had the highest correlation with
the dependent variable. Many participants were not able
to stand on one leg for thirty seconds for three trials.
Thus, the outcome measure from this test used in our
statistical model was the total one-legged stance time
(OLST) for the three trials, resulting in only one measure for OLST. For each analysis, age, gender, general
health, number of medications, MoCA and OLST were
also included. For example, in the model to predict performance in Xbox® Skiing the following independent variables were entered; UFV-S (best visual attention
measure), Velocity/Leg (best mobility measure), CoP
ML-Max. (best balance measure), OLST, VA, gender,
age, number of medications, general health and MoCA.
Since we were interested in the association between performance in the tests and modifiable factors (which
might be trained), in cases where non-modifiable factors,
such as age or gender were predictors, the analysis was
repeated without including these non-modifiable factors.
A variance inflation factor (VIF) was calculated to ensure
that the multiple regression models were not affected by
multicollinearity. Data were analyzed with SPSS version
24 (Chicago, IL, USA) and a p value of < 0.05 was used
for significance.

Results
Fifty community–dwelling adults completed this study,
22 males and 28 females with an average age of 72.4
years ±5.1. Demographic data of the participants and
average results for the tests of attention, gait, mobility
and balance are shown in Table 1.
Correlations with age

Age was correlated with all visual attention tasks (p <
0.05) except UFV-D and these remained significant after
adjusted Bonferroni. For the games, one extreme outlier
(> 3 SD from mean) was removed from the Stomp-It
data before analysis. There was a significant association
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with age for Stomp-it (r = 0.4, p = 0.004), Tai Chi (r = −
0.36, p = 0.011) and Leg exercise (r = 0.28, p = 0.048) but
no significant correlation of age with Skiing. These correlations remained significant after adjusted Bonferroni.
Among mobility measures, walking speed, vel/leg and
step length variability showed a significant correlation
with age (r ≥ 0.31, p = ≤0.029) but these did not remain
significant after adjusted Bonferroni. Finally, among balance measures, all the ML sway variables were significantly correlated with age (r ≥ 0.37, p = ≤0.0009), as was
cumulative path-length (r = 0.35, p = 0.013). OLST was
strongly correlated with age (r = 0.53, p < 0.001), All the
balance measures remained significant after adjusted
Bonferroni.

Univariate analyses

The results of the unadjusted and adjusted univariate
analyses of associations of the visual attention measures
with mobility, balance and Xbox® games are shown in
Table 2. Note that the significant correlations are included in this Table and those that are bolded are those
correlations which remained significant after adjustment
for age or age, number of medications and general
health. Unadjusted univariate linear regression in the
higher visual demand games (Skiing and Stomp-It)
showed significant correlations with visual attention
tests (MOT and UFV-S) (p = 0.003 and p = 0.026, respectively) although the correlation with Stomp-It was
borderline after adjusted Bonferroni correction. None of
the lower visual attention games was correlated with visual attention after adjusted Bonferroni. The correlation
between Skiing and UFV-S remained after adjustment
for age, medications and general health. For the mobility
measures, the unadjusted univariate linear regression
showed a significant association between step width variability and MOT and UFV-S (p = 0.004 and p = 0.044 respectively) which remained significant after adjusted
Bonferroni. The association with MOT remained after
adjustment for age, medications and general health. In
term of balance results, one-legged total stance time
(OLST) and ML CoP showed significant correlations
with UFV-D (p = 0.007) and these remained significant
after adjusted Bonferroni, but did not remain significant
after adjustment for age.
Considering the associations between Xbox® games,
and mobility and balance measures, only Tai Chi showed
a significant correlation with balance (cumulative path
length p = 0.009 and OLST p = 0.023) and mobility
(mean stride length p = 0.03; 5MWT p = 0.001; Vel./Leg
p < 0.001). These all remained significant after the adjusted Bonferroni. The association between Tai Chi and
mobility remained after correction for age and age, GH
score and medications. The other games did not show a
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Table 1 Characteristic of Study Sample (N = 50)
Characteristic

Mean Value
(SD)

Range

Age (years)

72.4 (5.1)

65–87

Male

73.1 (5.3)

65–87

Female

71.9 (5.1)

65–87

MoCA score

27.8 (1.5)

24–30

Number of medications

0.62 (0.9)

0–4

Number of co-morbidities

0.48 (0.7)

0–3

Visual Acuity in logMAR (VA)

−0.00 (0.06)

(−0.14) 0.12

MOT (threshold speed, deg./sec.)

12.1 (4.1)

5.2–21.8

UFV-S (accuracy %)

36.8 (21.1)

2.1–83.3

UFV-D (accuracy %)

59.7 (24.4)

4.2–95.8

Leg exercise (% correct)

52.4 (14.1)

5–78

Tai Chi (% correct)

41.4 (19.8)

8.2–79.2

Skiing (% accuracy)

70.8 (10.9)

42.2–93.8

Stomp-it (%)

36.2 (19.3)

0–94.1

Step length (cm)

64 (8.2)

39.2–86.2

Step length variability (cm)

3 (1.1)

1.4–6.3

Step width (cm)

9.1 (3.4)

1.8–23

Step width variability (cm)

3.2 (1)

1.9–6.1

Stride length (cm)

129.7 (16.1)

80.5–171.7

Stride length variability (Right) (cm)

4.5 (2)

1.3–11.4

Five-meter walking time (secs)

4.6 (1)

3.2–8.3

Velocity/leg height

1.2 (0.2)

0.7–1.6

ML COP SD

0.24 (0.1)

0.09–0.59

AP COP SD

0.37 (0.1)

0.21–0.74

ML COP MAX

0.59 (0.31)

0.19–1.68

AP COP MAX

0.96 (0.3)

0.51–2.28

ML COP Range

1.2 (0.6)

0.39–3.56

AP COP Range

1.94 (0.69)

1.04–5.41

Cumulative path-length

213.3 (80.3)

109.8–572.3

One-legged stance test (OLST)
(secs)

73.2 (23.6)

0–90

Low visual demand games

High visual demand games

Mobility, mean ± SD

Balance (cm), mean ± SD

MoCA the Montreal Cognitive Assessment, MOT the Multiple Object Tracking,
UFV-S the Useful Field of View test- Static, UFV-D the Useful Field of View test
– Dynamic, COP Centre of Pressure, ML Medial-lateral, AP Anterior-posterior,
MAX Maximum

significant association with any balance or mobility
measures.
Multiple regression models

Table 3 shows the multiple linear regression models for
each of the Xbox® games together with the independent

variables that were entered into the analysis. For Skiing
accuracy, the only predictor was UFV-S. The Skiing accuracy increased by 0.264% for each 1 % increase in
UFV-S accuracy. The model indicates that about 17% of
the variability of Skiing accuracy can be explained by
UFV-S. For Stomp-it, the only predictor was age, and
performance in Stomp-it decreased 0.016% for each year
of age. This model indicates that about 15% of the variability of performance in the Stomp-it can be explained
by age. When the regression analysis was repeated excluding the non-modifiable factors of age and gender,
MOT was the predictor. Performance in Tai Chi was
only predicted by velocity corrected for leg length (Vel/
Leg). About 24% of the variability in Tai Chi performance can explained by the Vel/Leg. The performance in
Tai Chi increased 1.24% for each unit in Velocity/leg
high ratio. Finally, performance in Leg exercise was predicted by age and performance in Leg exercise decreased
0.01% for each additional year of age. There were no
predictors other than age which were significantly associated with leg exercise.
Table 4 shows the step-wise multiple linear regressions
for balance and mobility, respectively. The cumulative
path-length was chosen as a good overall representation
of bipedal stance. Performance in the one-legged stance
test was predicted by age (p < 0.001), increase cumulative
path-length (p = 0.003) and step length variability (p =
0.040), and when age was removed, cumulative pathlength and step length variability remained as predictors.
Poor balance as shown by the bipedal cumulative pathlength was predicted by decreases in OLST (p = 0.004)
and decreases of Velocity/leg height ratio (p = 0.025).
For mobility (Table 5), velocity/leg ratio and the overall speed of walking the Five Meters Walking Test were
chosen as good overall representations of mobility. Velocity/leg height ratio and the Five Meters Walking Test
were both predicted by cumulative path-length.
The regression models were not affected by multicollinearity as the variance inflation factor analyses (VIF) was
less than 2.00 for all regression models in this study
[25].

Discussion
The main finding in this study is the expected correlation found between visual attention measures and high
visual demand Xbox® games, especially Skiing. The correlation between Skiing and UFV-S remained even after
adjusting for age, number of medications and general
health status. The multiple-regression model for Skiing
illustrates the importance of UFV-S in predicting the
game performance as it was the only predictor in that
model. However, the correlation co-efficient is low and
only 17% of the variance was accounted for, which
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Table 2 Unadjusted and adjusted Pearson correlation coefficients for visual attention against video games, balance and mobility.
Only those that gave significant unadjusted correlations at the p = 0.05 level are included and those that remained significant after
adjustment for age, and then age, no. of medications and general health are bolded. The astrix (*) indicates findings that remain
significant after applying the adjusted Bonferroni correction [31]. Note that those showing negative correlation coefficients were
expected as for one of the variables, a lower number means better performance
Unadjusted
r value (p)

Adjusted for age
r value (p)

Adjusted for age, no. of medications and general health
r value (p)

Xbox 360® Stomp-It with MOT

0.316 (0.026)

0.249 (0.074)

0.200 (0.179)

Xbox 360® Skiing with UFV-S

0.408 (0.003)*

0.370 (0.011)*

0.383 (0.015)*

Xbox 360® Tai Chi with UFV-S

0.294 (0.038)

0.198 (0.166)

0.184 (0.235)

Step Width (SD) with MOT

−0.402 (0.004)*

− 0.377 (0.009)*

− 0.367 (0.017)*

Step Width (SD) with UFV-S

− 0.285 (0.044)*

− 0.248 (0.098)

− 0.213 (0.185)

OLST with UFV-D

0.375 (0.007)*

0.256 (0.042)

0.179 (0.175)

ML CoP (SD) with UFV-D

−0.301 (0.033)*

−0.256 (0.042)

− 0.113 (0.447)

MOT Multiple Object Tracking, OLST One-Legged Stance Test, UFV-S Useful Field of View test- Static, UFV-D Useful Field of View test – Dynamic, ML CoP MedialLateral Centre of Pressure, SD Standard Deviation

indicates that there are likely many factors which determine performance in the game.
Performance in Stomp-it was best predicted by age in
the multiple regression model. However, when nonmodifiable factors were removed, Stomp-It was predicted by visual attention (MOT). This is also shown in
the simple correlation between Stomp-it and MOT, although this was borderline after adjusted Bonferroni and
became non-significant after adjusting for age and age/
health/medications. This indicates that both MOT and
Stomp-It are determined by age and health. Although
Skiing and Stomp-it have a high visual attention component, it is likely that Stomp-it requires more physical

agility, as the participant has to step from one foot to
the other quickly in response to the incoming colored
targets. In Skiing, although the relative weight on each
foot has to be changed, the participant does not have actually make a step. In other words, the greater physical
demand in Stomp-it may overshadow the link with visual attention in the initial multiple-regression. Age itself
is well correlated with the physical measures, such as
balance and walking.
As predicted, our results demonstrate that games with
apparent low visual demand such as Leg exercise or Tai
Chi, show no correlation with visual attention tasks. The
regression model of the low visual demand Xbox® games

Table 3 Forward stepwise multiple linear regression between Xbox® games, (dependent variable) and visual attention and other
variables. The variables that were entered into each model are shown beneath. The model for Stomp-It was run first with the full
range of variables (full model), and secondly excluding the non-modifiable factors of age and gender
Dependent Variable
1

Xbox360® Skiing

Predictor variable R2 at each step Co-efficient B Standardized Coefficient t

P value

UFV-S

0.003

0.167

0.264

0.408

3.1

R2 for the model = 0.17, F = 9.61, p for the model = 0.003
1
predictors entered into the analysis: UFV-S, Vel/Leg, CoP ML Max, OLST, VA, gender, age, no. medications, general health and MoCA
Xbox360® Stomp-It
(full model)2

Age

0.146

−0.018

−0.381

−2.86 0.006

R2 for the model = 0.15, F = 8.175, p for the model = 0.006
predictors entered into the analysis: MOT, step width average, Cumulative path-length, OLST, VA, gender, age, no. medications, general health and
MoCA

2

Xbox360® Stomp-It (excluding age and gender)3 MOT

0.1

0.48

0.316

2.3

0.026

R2 for the model = 0.1, F = 5.309, p for the model = 0.026
3
predictors entered into the analysis: MOT, step width average, Cumulative path-length, OLST, VA, no. medications, general health and MoCA
Xbox360® Tai Chi4

Vel/Leg

0.238

1.240

0.487

3.87

< 0.001

R2 for the model = 0.24, F = 14.96, p for the model < 0.001
4
predictors entered into the analysis: UFV-S, Vel/Leg, Cumulative path-length, OLST, VA, gender, age, no. medications, general health and MoCA
Xbox360® Leg exercises5

Age

0.079

−0.009

−0.281

−2.03 0.048

2

R for the model = 0.08, F = 4.12 p for the model = 0.048
predictors entered into the analysis: UFV-S, 5MWT, CoP AP SD, OLST, VA, gender, age, no. medications, general health and MoCA

5

MoCA the Montreal Cognitive Assessment, MOT the Multiple Object Tracking, UFV-S the Useful Field of View test- Static, VA Visual Acuity, CoP Centre of Pressure,
ML Medial-lateral, AP Anterior-posterior, MAX Maximum, 5MWT Five-Meter Walking Test, OLST One-Legged Stance Test, Vel/Leg Velocity/Leg length, SD
Standard Deviation
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Table 4 Forward stepwise multiple linear regression for balance measures with visual attention and other variables. The variables
that were entered into each model are shown beneath. The model for OLST was run first with the full range of variables (full
model), and secondly excluding the non-modifiable factors of age and gender
Dependent Variable

Predictor variable

R2 at each step

Co-efficient B

Standardized Coefficient

t

P value

OLST
(full model)1

Age
Cumulative path-length
Step length variability

0.283
0.408
0.460

− 0.032
− 0.979
− 0.78

−0.347
− 0.299
− 0.253

−3.727
−3.144
− 2.144

0.005
0.018
0.040

1

predictors entered into the analysis: UFV-D, stride length variability, Cumulative path-length, VA, gender, age, no. medications, general health, and
MoCA
R2 for the model = 0.46, F = 13.01 p for the model < 0.001

OLST (excluding age and gender) 2

Cumulative path-length
Step length variability

−1.284
−1.015

0.267
0.359

−0.392
− 0.328

−3.107
− 2.597

0.000
0.013

2

predictors entered into the analysis: UFV-D, stride length variability, Cumulative path-length, VA, no. medications, general health, and MoCA
R2 for the model = 0.36, F = 13.17 p for the model < 0.001

Cumulative pathlength3

OLST
Vel/leg

−0.12
− 0.50

0.267
0.343

−0.517
− 0.3

−4.183
− 2.322

0.004
0.025

3

predictors entered into the analysis: UFV-D, Vel/Leg, OLST, VA, gender, age, no. medications, general health and MoCA
R2 for the model = 0.343, F = 12.25 p for the model < 0.001

MoCA the Montreal Cognitive Assessment, UFV-D the Useful Field of View test- Dynamic, VA Visual Acuity, OLST One-Legged Stance Test, Vel/Leg
Velocity/Leg length

shows that these games are predicted only with either
age or physical factors.
These findings are interesting because they illustrate
that there may be potential of using these types of games
for training visual attention and mobility/balance concurrently. As visual attention can be improved with
training [4, 51], potential associations of visual attention
with video games is important as video games might be
used as a tool to train visual attention, with the expectation that this would transfer to other everyday life tasks
including physical ability and cognitive status, which are
also known to be associated with visual attention. However, to the authors’ knowledge there are no studies
showing a correlation of body movement control games
with visual attention tasks. Some studies have shown
that playing sedentary action video games can improve
aspects of functional vision such as crowded visual acuity [22], contrast sensitivity [36] visual field sensitivity
[11], and visual attention tasks [15, 20, 21].
It has also been suggested that body movement video
games such as Wii fit games or Xbox® Kinect™ games
can be used useful in training physical abilities in older
and younger people [19, 42, 43, 47, 48]. Our results

show that the Tai Chi game was well correlated with
physical abilities such as balance and mobility and that
many balance/mobility measures are intercorrelated.
This was consistent with another study which reported
that Tai Chi training is correlated with balance and mobility [61]. Leg exercise, however, was not strongly correlated with either physical abilities or visual attention.
Although these exercises games seem similar, the Tai
Chi game is possibly more demanding in terms of the
amount of movement/stretch required and the time to
hold the pose.
Visual attention has been shown to have an association
with mobility [1, 34, 41] and balance [1]. Our results are
consistent with these previous results and show some
correlation with gait and balance. Associations were observed in the current study between step width variability and MOT and UFV-S. The association with MOT
remained even after adjustment for age, medications and
general health status. Balance as measured by the OLST
and the medial-lateral center of pressure variability was
also associated with UFV-D. These correlations remain
significant when adjusted for age but not when adjusted
for age, number of medication and general health status.

Table 5 Forward stepwise multiple linear regression for mobility measures
Dependent Variable
1

Velocity/leg height

Predictor variable

R2 at each step

Co-efficient B

Standardized Coefficient

t

P value

Cumulative path-length

0.211

−0.277

−0.459

−3.580

0.001

1

predictors entered into the analysis: UFV-S, Cumulative path-length, OLST, VA, gender, age, no. medications, general health and MoCA
R2 for the model = 0.21, F = 12.82 p for the model = 0.001

Five Meters Walking Test2

Cumulative path-length

0.153

0.232

0.391

2.947

0.005

2

predictors entered into the analysis: UFV-S, Cumulative path-length, OLST, VA, gender, age, no. medications, general health and MoCA
R2 for the model = 0.15, F = 8.686 p for the model = 0.005

MoCA the Montreal Cognitive Assessment, UFV-S the Useful Field of View test- Static, VA Visual Acuity, COP Centre of Pressure, ML Medial-lateral, AP Anteriorposterior, MAX Maximum
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However, for balance and gait, in the multiple regressions, it was not attention, but age or other measures of
physical status that were the best predictors.
To conclude, it seems that the type of game chosen to
train visual attention is important, and ultimately a battery of games may be most effective - and fun! Skiing
was the game that was best associated with visual attention, while Tai Chi was best associated with physical
ability. Thus, not all games that appear to be associated
with visual attention are strongly associated and other
factors, such as physical ability, may predominate, e.g.
for Stomp-it because of its association with age. It also
seems that the associations between visual attention and
gait and mobility, while present, are weak and often explained by age or other measures of physical function.
Limitations

The study has some limitations and the results should
be interpreted with caution. We used a cross-sectional
design which means that association, not causation, can
be implied. We do not know, for example, if poor attention affects a person’s gait, or whether in some way, poor
gait changes attention. Only longitudinal studies can
show which is the cause and which is the effect or
whether there is a bi-directional effect. Additionally, the
correlations in the models in this study, although significant, are not high, indicating that some factors that were
not measured may influence the outcome variables and
further cross-sectional or longitudinal studies are
needed. Second, all data was collected by one researcher
(MA). This may have lead to bias, as this individual was
familiar with the hypotheses of the study. However, we
do not think that this is likely, as data was collected in
blocks (e.g. all the balance data at one time), and thus
would be unlikely to remember the other measures from
a particular participant in order to influence the data in
any direction. Third, the mobility task was a possible
limitation as it was a simple measure of time and stepping parameters along an unobstructed path. Using a
more challenging mobility course with obstacles and
light changes similar to changes that we experience in
everyday life may have shown a better correlation with
attention. Fourth, it was not possible to analyze the onelegged stance sway with the force plate as we had originally intended, as a large percentage of the participants
could not maintain the 30 s stance resulting in insufficient data to analyze. So, the more basic measure of the
total OLST time was used. This showed a ceiling effect
as many participants could reach to the maximum
standing time. Additionally, the video games were selected based on game availability, apparent visual requirements, and pilot testing which demonstrated that
older adult participants could understand and successfully complete the game rather than on the basis of a
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theoretical model. Finally, the age range and the health
status of our sample was more limited than in some
studies. There were fewer older participants, and most
were relatively healthy for their age which does not reflect the average of health status expected for this age
group. So it is possible that they may not be totally representative of their whole age group. Their physical performance was similar or better than other studies that
included healthy older participants [28].

Conclusion
This study has investigated the relationships between
visual attention, balance, mobility and Xbox® Kinect™
games performance. The results indicate that some visual attention measures are associated with high visual attention demand Xbox® Kinect™ games and can be a good
predictor of the performance in this type of game. The
study indicates that Xbox® or similar games may have
potential for training visual attention as well as physical
abilities, but the game chosen is critical. The evidence
from this study also indicates that some balance and gait
measures are associated with visual attention. This study
enhances our understanding of visual attention and its
association with other systems and could be a framework for further future studies and indicates that longitudinal studies may be useful to show the potential of
these games to enhance mobility and balance in order to
prevent falls in older adults.
Abbreviations
5MWT: Five-Meter Walking Test; AP: Anterior-posterior; CoP: Centre of
Pressure; CPL: Cumulative Path Length; Max.: Maximum; ML: Medial-lateral;
MoCA: Montreal Cognitive Assessment; MOT: Multiple Object Tracking;
OLST: One-Legged Stance Test; QST: Bi-pedal Quiet Stance; SD: Standard
Deviation; UFV: Useful Field of View; UFV-D: Useful Field of View-Dynamic;
UFV-S: Useful Field of View-Static; VA: Visual Acuity; vel/leg: ratio of Velocity/
Leg length; VIF: Variance Inflation Factor
Acknowledgments
The authors extend their appreciation to:
1. The College of Applied Medical Sciences Research Centre and Deanship of
Scientific Research at King Saud University for the scholarship for MA and
participant remuneration for this research.
2. The Canadian Optometric Education Trust Fund (COETF) for their support
(participant remuneration).
3. Alex Bowers for supplying the brief MOT software
4. Canadian Foundation for Innovation and Ontario Research Fund for force
plate equipment (LAV)
Authors’ contributions
MA, SJL and LAV conceived and designed the research. MA collected the
data and was advised by SJL and, for mobility and balance data, by LAV. MA
analyzed the data advised by SJL and LAV. MA wrote the manuscript advised
by SJL. All authors read and approved the manuscript.
Funding
The research was supported by: The College of Applied Medical Sciences
Research Centre and Deanship of Scientific Research at King Saud University,
the Canadian Optometric Education Trust Fund (COETF) and Canadian
Foundation for Innovation and Ontario Research Fund for the force plate
equipment (LAV).

Alghamdi et al. BMC Geriatrics

(2021) 21:405

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request. Custom code was used for
data processing; not available for distribution.

Declarations
Ethics approval and consent to participate
The study was reviewed and received clearance through a University of
Waterloo Research Ethics Committee and was conducted according to the
Declaration of Helsinki guidelines. Prior to testing, written informed consent
was provided by all participants, including specific informed consent for
video-recording.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no conflicts of interest.
Author details
1
Department of Optometry, College of Applied Medical Sciences, King Saud
University, PO BOX 68953, Riyadh, Riyadh 11537, Saudi Arabia. 2School of
Optometry and Vision Science, University of Waterloo, 200, University Ave.
West, Waterloo, ON N2L 3G1, Canada. 3Department of Human Health &
Nutritional Sciences, University of Guelph, Guelph, ON N1G 2W1, Canada.
Received: 30 November 2020 Accepted: 23 June 2021

References
1. Althomali MM, Leat SJ. Binocular vision disorders and visual attention:
associations with balance and mobility in older adults. J Aging Phys Act.
2018;26(2):235–47. https://doi.org/10.1123/japa.2016-0349.
2. Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults:
a review of the literature. Maturitas. 2013;75(1):51–61. https://doi.org/10.101
6/j.maturitas.2013.02.009.
3. Bailey IL, Lovie JE. New design principles for visual acuity letter charts. Am J
Optom Physiol Optic. 1976;53(11):740–5. https://doi.org/10.1097/00006324-1
97611000-00006.
4. Ball KK, Beard BL, Roenker DL, Miller RL, Griggs DS. Age and visual search:
expanding the useful field of view. Josa A. 1988;5(12):2210–9. https://doi.
org/10.1364/JOSAA.5.002210.
5. Ball K, Edwards JD, Ross LA. The impact of speed of processing training on
cognitive and everyday functions. J Gerontol B. 2007;62(Special_Issue_1):19–
31.
6. Bieryla KA. Xbox kinect training to improve clinical measures of balance in
older adults: a pilot study. Aging Clin Exp Res. 2016;28(3):451–7. https://doi.
org/10.1007/s40520-015-0452-y.
7. Black A, Wood J. Vision and falls. Clin Exp Optom. 2005;88(4):212–22. https://
doi.org/10.1111/j.1444-0938.2005.tb06699.x.
8. Bowers A, Anastasio J, Howe P, O'Connor M, Hollis A, Kapust L, et al.
Dynamic attention as a predictor of driving performance in clinical
populations: preliminary results. Sixth international driving symposium on
human factors in driving assessment, training, and vehicle design, Lake
Tahoe, CA; 2011. p. 307–13.
9. Brigola AG, Rossetti ES, Santos BRD, Neri AL, Zazzetta MS, Inouye K, et al.
Relationship between cognition and frailty in elderly: a systematic review.
Dementia & Neuropsychologia. 2015;9(2):110–9. https://doi.org/10.1590/1
980-57642015DN92000005.
10. Broman AT, West SK, Munoz B, Bandeen-Roche K, Rubin GS, Turano KA.
Divided visual attention as a predictor of bumping while walking: The
Salisbury Eye Evaluation. Investigative Ophthalmol Vis Sci. 2004;45(9):2955–
60. https://doi.org/10.1167/iovs.04-0219.
11. Buckley D, Codina C, Bhardwaj P, Pascalis O. Action video game players and
deaf observers have larger Goldmann visual fields. Vis Res. 2010;50(5):548–
56. https://doi.org/10.1016/j.visres.2009.11.018.
12. Cespón J, Miniussi C, Pellicciari MC. Interventional programmes to improve
cognition during healthy and pathological ageing: cortical modulations and
evidence for brain plasticity. Ageing Res Rev. 2018;43:81–98. https://doi.
org/10.1016/j.arr.2018.03.001.

Page 12 of 13

13. Cumming RG, Salkeld G, Thomas M, Szonyi G. Prospective study of the
impact of fear of falling on activities of daily living, SF-36 scores, and
nursing home admission. J Gerontol A Biol Sci Med Sci. 2000;55(5):M299–
305. https://doi.org/10.1093/gerona/55.5.M299.
14. Elliott DB, North I, Flanagan J. Confrontation visual field tests. Ophthalmic
Physiol Opt. 1997;17:S17–24. https://doi.org/10.1016/S0275-5408(97)00045-8.
15. Feng J, Spence I, Pratt J. Playing an action video game reduces gender
differences in spatial cognition. Psychol Sci. 2007;18(10):850–5. https://doi.
org/10.1111/j.1467-9280.2007.01990.x.
16. Ferris FL III, Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for
clinical research. Am J Ophthalmol. 1982;94(1):91–6. https://doi.org/10.1016/
0002-9394(82)90197-0.
17. Fletcher PC, Guthrie DM, Berg K, Hirdes JP. Risk factors for restriction in
activity associated with fear of falling among seniors within the
community. J Patient Safety. 2010;6(3):187–91. https://doi.org/10.1097/
PTS.0b013e3181f1251c.
18. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson
LM, Lamb SE. Interventions for preventing falls in older people living in the
community. Cochrane Database Syst Rev. 2012;(9):CD007146. https://doi.
org/10.1002/14651858.CD007146.pub3. Accessed 28 June 2021.
19. Goble DJ, Cone BL, Fling BW. Using the wii fit as a tool for balance
assessment and neurorehabilitation: the first half decade of “Wii-search”. J
Neuroeng Rehabilitation. 2014;11(1):12. https://doi.org/10.1186/17430003-11-12.
20. Green CS, Bavelier D. Action video game modifies visual selective attention.
Nature. 2003;423(6939):534–7. https://doi.org/10.1038/nature01647.
21. Green CS, Bavelier D. Effect of action video games on the spatial
distribution of visuospatial attention. J Exp Psychol Hum Percept Perform.
2006;32(6):1465–78. https://doi.org/10.1037/0096-1523.32.6.1465.
22. Green CS, Bavelier D. Action-video-game experience alters the spatial
resolution of vision. Psychol Sci. 2007;18(1):88–94. https://doi.org/10.1111/
j.1467-9280.2007.01853.x.
23. Greenfield PM, Brannon C, Lohr D. Two-dimensional representation of
movement through three-dimensional space: the role of video game
expertise. J Appl Dev Psychol. 1994;15(1):87–103. https://doi.org/10.1016/01
93-3973(94)90007-8.
24. Guerraz M, Bronstein A. Ocular versus extraocular control of posture and
equilibrium. Clin Neurophysiol. 2008;38(6):391–8. https://doi.org/10.1016/j.
neucli.2008.09.007.
25. Hair J, Anderson R, Babin B, Black W. Multivariate data analysis: a global
perspective New Jersey. Pearson, vol. 7; 2010. p. 816.
26. Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall risk in
community-living older adults: a 1-year prospective study. Arch Phys Med
Rehabil. 2001;82(8):1050–6. https://doi.org/10.1053/apmr.2001.24893.
27. Hazel CA, Elliott DB. The dependency of logMAR visual acuity
measurements on chart design and scoring rule. Optom Vis Sci. 2002;79(12):
788–92. https://doi.org/10.1097/00006324-200212000-00011.
28. Helbostad JL, Moe-Nilssen R. The effect of gait speed on lateral balance
control during walking in healthy elderly. Gait Posture. 2003;18(2):27–36.
https://doi.org/10.1016/S0966-6362(02)00197-2.
29. Iglewicz B, Hoaglin DC. How to detect and handle outliers. WI: ASQC
Quality Press Milwaukee; 1993.
30. Inouye SK, Brown CJ, Tinetti ME. Medicare nonpayment, hospital falls, and
unintended consequences. N Engl J Med. 2009;360(23):2390–3. https://doi.
org/10.1056/NEJMp0900963.
31. Jaccard J, Wan CK, Jaccard J. LISREL approaches to interaction effects in
multiple regression (no. 114). Sage; 1996.
32. Leat SJ, Lovie-Kitchin J. Visual impairment and the useful field of vision.
Ophthalmic Physiol Opt. 2006a;26(4):392–403. https://doi.org/10.1111/j.14
75-1313.2006.00383.x.
33. Leat SJ, Lovie-Kitchin JE. Measuring mobility performance: experience
gained in designing a mobility course. Clin Exp Optom. 2006b;89(4):215–28.
https://doi.org/10.1111/j.1444-0938.2006.00050.x.
34. Leat SJ, Lovie-Kitchin JE. Visual function, visual attention, and mobility
performance in low vision. Optom Vis Sci. 2008;85(11):1049–56. https://doi.
org/10.1097/OPX.0b013e31818b949d.
35. Lee DN, Lishman JR. Visual proprioceptive control of stance. J Hum Mov
Stud. 1975;1(2):87–95.
36. Li R, Polat U, Makous W, Bavelier D. Enhancing the contrast sensitivity
function through action video game training. Nat Neurosci. 2009;12(5):549–
51. https://doi.org/10.1038/nn.2296.

Alghamdi et al. BMC Geriatrics

(2021) 21:405

37. Lord SR, Smith ST, Menant JC. Vision and falls in older people: risk factors
and intervention strategies. Clin Geriatr Med. 2010;26(4):569–81. https://doi.
org/10.1016/j.cger.2010.06.002.
38. Lord SR, Menz HB. Visual contributions to postural stability in older adults.
Gerontology. 2000;46(6):306–10. https://doi.org/10.1159/000022182.
39. Mansfield A, Inness EL. Force plate assessment of quiet standing balance
control: perspectives on clinical application within stroke rehabilitation.
Rehab Process Outcome. 2015;4:7–15.
40. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I,
et al. The Montreal cognitive assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9. https://doi.
org/10.1111/j.1532-5415.2005.53221.x.
41. Owsley C, McGwin G. Association between visual attention and mobility in
older adults. J Am Geriatr Soc. 2004;52(11):1901–6. https://doi.org/10.1111/j.1
532-5415.2004.52516.x.
42. Padala KP, Padala PR, Lensing SY, Dennis RA, Bopp MM, Parkes CM, et al.
Efficacy of Wii-fit on static and dynamic balance in community dwelling
older veterans: a randomized controlled pilot trial. J Aging Res. 2017;2017:
4653635. https://doi.org/10.1155/2017/4653635.
43. Padala KP, Padala PR, Malloy TR, Geske JA, Dubbert PM, Dennis RA, et al.
Wii-fit for improving gait and balance in an assisted living facility: A pilot
study. J Aging Res. 2012;2012:597573. https://doi.org/10.1155/2012/597573.
44. Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust BM. Measures
of postural steadiness: differences between healthy young and elderly
adults. IEEE Trans Biomed Eng. 1996;43(9):956–66.
45. Public Health Agency of Canada. Seniors’ falls in Canada: second report.
Ottawa: Public Health Agency of Canada; 2014.
46. Pylyshyn ZW, Storm RW. Tracking multiple independent targets: evidence
for a parallel tracking mechanism. Spat Vis. 1988;3(3):179–97. https://doi.
org/10.1163/156856888X00122.
47. Reed-Jones RJ, Dorgo S, Hitchings MK, Bader JO. Wii fit™ plus balance test
scores for the assessment of balance and mobility in older adults. Gait
Posture. 2012;36(3):430–3. https://doi.org/10.1016/j.gaitpost.2012.03.027.
48. Rendon AA, Lohman EB, Thorpe D, Johnson EG, Medina E, Bradley B. The
effect of virtual reality gaming on dynamic balance in older adults. Age
Ageing. 2012;41(4):549–52. https://doi.org/10.1093/ageing/afs053.
49. Roger, F. (2015). The Cost of Injury in Canada. Retrieved from
Parachute: http://www.parachutecanada.org/downloads/research/Cost_
of_Injury-2015.pdf
50. Rossetti HC, Lacritz LH, Cullum CM, Weiner MF. Normative data for the
Montreal cognitive assessment (MoCA) in a population-based sample.
Neurology. 2011;77(13):1272–5. https://doi.org/10.1212/WNL.0b013e31823
0208a.
51. Sekuler R, Ball K. Visual localization: age and practice. Josa A. 1986;3(6):864–
7. https://doi.org/10.1364/JOSAA.3.000864.
52. Sterling DA, O’connor JA, Bonadies J. Geriatric falls: injury severity is high
and disproportionate to mechanism. J Trauma Acute Care Surg. 2001;50(1):
116–9. https://doi.org/10.1097/00005373-200101000-00021.
53. Stevens JA, Mack KA, Paulozzi LJ, Ballesteros MF. Self-reported falls and fallrelated injuries among persons aged≥ 65 years–United States, 2006. J Saf
Res. 2008;39(3):345–9. https://doi.org/10.1016/j.jsr.2008.05.002.
54. Stinchcombe A, Kuran N, Powell S. Report summary-seniors' falls in Canada:
second report: key highlights. Chronic Dis Injuries Canada. 2014;34(2–3):
171–4. https://doi.org/10.24095/hpcdp.34.2/3.13.
55. Thorpe S, Fize D, Marlot C. Speed of processing in the human visual system.
Nature. 1996;381(6582):520–2. https://doi.org/10.1038/381520a0.
56. Vance D, Dawson J, Wadley V, Edwards J, Roenker D, Rizzo M, et al. The
accelerate study: the longitudinal effect of speed of processing training on
cognitive performance of older adults. Rehab Psychol. 2007;52(1):89–96.
https://doi.org/10.1037/0090-5550.52.1.89.
57. Vernadakis N, Derri V, Tsitskari E, Antoniou P. The effect of Xbox Kinect
intervention on balance ability for previously injured young competitive
male athletes: a preliminary study. Phys Ther Sport. 2014;15(3):148–55.
https://doi.org/10.1016/j.ptsp.2013.08.004.
58. Wilkinson M, Menz H, Raspovic A. The measurement of gait parameters
from footprints. Foot. 1995;5(2):84–90. https://doi.org/10.1016/0958-2592
(95)90018-7.
59. Wood JM, Owsley C. Useful field of view test. Gerontology. 2014;60(4):315–8.
https://doi.org/10.1159/000356753.
60. World Health Organization (WHO). Global Report on Falls Prevention in
Older Age, 2007 http://www.who.int/ageing/publications.

Page 13 of 13

61. Wu G. Evaluation of the effectiveness of tai chi for improving balance and
preventing falls in the older population—a review. J Am Geriatr Soc. 2002;
50(4):746–54. https://doi.org/10.1046/j.1532-5415.2002.50173.x.
62. Yoshida S. A global report on falls prevention: epidemiology of falls.
Geneva: World Health Organization; 2007. http://www.who.int/ageing/
project/falls_prevention_older_age/en/inded.html

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

