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INTRODUCTION

Falls are the third cause of chronic disability worldwide [1], with older adults experiencing the greatest number of
fatal falls [2]. However, people with cognitive impairment (PwCl: e.g. dementia, Mild Cognitive Impairment [MCI])
experience roughly twice the incidence of falls compared to older people without cognitive impairment [3]. As such,
there is a need for interventions that address factors increasing fall risk among PwCl, such as balance impairments
[4], a fear of falling or lack of movement confidence [5] and altered cognitive function [6]. Exercise can benefit PwCl,
particularly with regards to improving balance [7], reducing fear of falling [8], and promoting cognitive activity [9].
For example, [8] demonstrated a reduction in fear of falling after PwCI participated in a 6-month exercise
intervention. However, there are problems with adherence to exercise programs for PwClI given that many exercise
programs offered to this population are inaccessible, passive, and unengaging [10,11]. Motion-based technology
(MBT: e.g. Xbox Kinect), a type of technology that relies on bodily motions to control actions on a screen, is
increasingly being explored to encourage exercise participation among many groups (e.g. people with stroke [12]),
including PwCI [13]. Indeed, PwClI can learn to use MBTs and enjoy doing so [14]. However, the impacts of using
MBT with PwCl on variables including balance, movement confidence, and cognitive function have yet to be
determined [15]. This study is examining the impacts of a group MBT intervention on balance, movement
confidence, and cognitive function among PwCI. It is hypothesized that the MBT intervention will improve
participants’ balance, movement confidence, and cognitive function.

METHODS

Study Design

This study is a 1 (group) x 2 (time) within-participants design, with measurement at pre- and post-MBT intervention.
The independent variable is time and the dependent variables are balance, movement confidence, and cognitive
function.

Participants

Approximately thirty PwCIl who speak and understand English, are without visual impairment, and can stand and
walk (with or without an assistive device: e.g. walker), are being recruited from four community-based adult day
programs in Durham Region, Ontario, Canada. Before taking part in the study, all participants are required to
provide informed consent, or substitute decision-maker (SDM) consent plus participant assent.

Intervention

Participants are currently taking part in a 10-week MBT intervention (Xbox Kinect bowling), held in a group setting
at four community-based adult day programs. The MBT utilized in the intervention is the Xbox One Kinect (Microsoft
Corporation). The Xbox One Kinect was chosen over other commercially available MBTs (e.g. Nintendo Wii) as
interaction with this system requires no hand-held
device and depends entirely on lifelike movements
(e.g. swinging an arm). The commercially available
bowling game, offered through the Kinect Sports
Rivals package, is being utilized in this study given
that the game of bowling is commonly familiar.
Intervention sessions are facilitated using errorless
learning techniques, including verbal prompts,
gesture demonstrations, and physical assistance,
developed to teach PwCI to use MBT [16]. During
each session, an average of six participants are
seated together in a room and each take several
bowling turns (Figure 1). That is, while the active
player is using the MBT, the rest of the group sits
and observes. This continues for the entire duration
of each session (60 minutes).

Figure 1. Intervention Setup



Procedures

Potential participants first complete an eligibility screening questionnaire and the Montreal Cognitive Assessment
(MoCA) [17] to determine eligibility. The MoCA is scored out of 30 points, with scores of 26 points or higher indicating
healthy cognitive function [17]. After establishing eligibility, informed consent is obtained either through the individual
or their SDM. Following this, participants complete a demographic questionnaire and the Mini Balance Evaluation
Systems Test (Mini-BEST) [18]. The Mini-BEST is scored out of 28 points, with a suggested cut-off score of 20
points for identifying people at risk of falls [19]. After completing the pre-test measures, participants take part in a
10-week, group MBT intervention (Xbox Kinect bowling), held twice per week for 10 weeks (20 sessions). At the
start of each session, participant attendance is recorded to keep track of the number of sessions each participant
takes part in over the 10-week intervention period. During week one, five, and ten, video recordings of each
intervention session are taken to capture participants’ physical motions related to movement confidence (e.g.
fluency of motion). Directly following the conclusion of the 10-week intervention the Mini-BEST and the MoCA are
repeated.

Data Analysis

Data collected from all four adult day programs are being combined for analysis and reporting purposes. Participants
are required to attend at least 50 percent of the MBT intervention sessions (i.e. 10 of 20 sessions) to be included in
the final analysis.

Quantitative Data (MoCA and Mini-BEST)

First, the means, ranges, and standard deviations of the Mini-BEST and MoCA will be calculated to describe the
primary outcomes. Then, quantitative data collected via the Mini-BEST and the MoCA will be compared from pre-
to post-MBT intervention using paired t-tests. An ANCOVA with post hoc analyses will also be performed to
determine whether the number of intervention sessions attended, current and/or recent rehabilitation service use,
and the number of days spent at the day program per week affects these outcomes. These analyses will be
conducted using a p-value of <0.05 and a confidence interval of 95 percent.

Video Recorded Data

Video recorded data are being coded using behavioral analysis software [20] to capture potential indicators of
movement confidence (e.g. fluency of motion) and how these change over time. Coded data can capture the
frequency and duration of events and behaviors, which allows for the extraction of count and percentage data
related to movement confidence (e.g. percentage of turns completed confidently). The movement confidence coding
scheme has been developed by the authors using information from previous studies examining movement
confidence [e.g. 21] and observations from previous work with MBT and PwCI [e.g. 14]. Coding of the video
recordings is being undertaken by four independent raters (one rater per site), each of whom is responsible for
coding all six video recordings from each data collection site. The entirety of each recorded session is being coded
by each rater, with each bowling turn of each participant analyzed. After the coding is complete, coded data from
the six sessions will be combined into three respective timepoints: ‘start’ (T1) = the first two sessions, ‘mid-point’
(T2) = the two middle sessions, and ‘end’ (T3) = the last two sessions.

RESULTS

Data collection for this project is currently underway. It is expected that all data collection will be completed by May
2020, with data analysis completed by June 2020 (see Table 1).

Table 1. Study Sites

Study Site # Number of Participants Data Collection Demqgraphic details for participants
Recruited Completion Date recruited to date (n=22) are presented

Site 1 =7 Noverbor 2019 below (see Ta_ble 2). There is currently
an even split between males and

Site 2 N=10 November 2019 females. The average age of the
Site 3 N=5 April 2020 participants is 82.1 years of age, with a
Shod TSV E—— 5050 range from 68 years to 94 years. The
© ot yetrecrutie y average baseline MoCA score is 12.74

points, demonstrating moderate
cognitive impairment. As expected in day program settings, clients are quite diverse with regards to cognitive
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functioning, with participants’ MoCA scores ranging from as low as 2 points to as high as 25 points. The average
baseline Mini-BEST score among the recruited participants to date is 15.11 points. Participants vary greatly with
regards to balance, with Mini-BEST scores ranging from as low as 8 points to as high as 21 points. However, all
participants’ scores suggest the presence of balance impairment. With regards to education, about two thirds of the
recruited sample completed high school, with very few completing post-secondary education. Of the recruited
participants, 63.6% used mobility devices, which is unsurprising given their age and balance scores. With regards
to exercise participation, almost all participants report being physically active, with 22.7% of the recruited sample
reporting activity participation 5-7 days per week. This is also unsurprising given that seated exercise classes are
offered at each day program on a daily basis. Moreover, most (72.7%) of the recruited participants have previous
bowling experience, which is unsurprising given the common familiarity of bowling. Finally, none of the recruited
participants have previously used MBT.

Table 2. Participant Demographics

Demographic Variable Recruited Participants (n=22)
Sex (M/F) 11M (50%), 11F (50%) DISCUSSION
ex %), % i . )
The purpose of this study is to explore the impacts
Age (years) 82.1 years (range: 68-94 years) of a group MBT intervention on balance, movement
Baseline MoCA (/30) 12.74 points (range: 2-25 points) Cor_mdence’ e.md cognitive funCt'C_’n among PwClI.
— : : This study will answer the question of whether a
Baseline Mini-BEST (/28) 15.11 points (range: 8-21 points) group MBT intervention has the potential to improve
Highest Education Less than Grade 12: 6/22 (27.3%) balance, movement confidence, and cognitive

function among PwCI who attend community-based
adult day programs. To our knowledge, this is the
More than Grade 12: 2/22 (9.1%) first study in an emerging body of literature on MBTs
Nobility Device Use Yes: 14/22 (63.6%), No: 8/22 (36.4%) | (O investigate these important outcomes. It is
anticipated that this research will be relevant to
scientific, clinical, and professional audiences. For
Somewhat Active: 9/22 (40.9%) example, if participants show  significant
Lightly Active: 7/22 (31.8%) improvemgnts in t_)alance, movement co_nfidfance,
and cognitive function as a result of partaking in the
MBT intervention, there is the potential of MBTs
Previous Bowling Yes: 16/22 (72.7%), No: 6/22 (27.3%) being incorporated into rehabilitation interventions
Experience (e.g. fall prevention programs) targeting these
outcomes. This is important given that balance [4],
movement confidence [5], and cognitive function [6]
are risk factors for falls among PwCI. The results of this study should provide further insight regarding the potential
impacts of MBT for PwCI, which in turn should stimulate further research of an outcomes-based nature. Additionally,
it is anticipated that this study will demonstrate the feasibility of using MBT to deliver task-specific interventions to
PwClI, which is relevant given that tasks and goals of importance to PwCI are often used to inform rehabilitation
interventions. Importantly, this work can also be used to inform the future development and design of MBT games
for PwCI, as commercially available MBT games made to date have not been targeted towards PwClI [22]. Finally,
this research aims to advocate for the inclusion of PwCl in rehabilitation science and interventions by demonstrating
the ability of PwClI to engage in meaningful activity and by emphasizing the importance of meaningful activity to
support a good life for PwCl.
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