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ABSTRACT
Among older adults, falling down while doing everyday tasks
is the leading cause for injuries, disabilities and can even
result in death. Furthermore, even when no injury has occurred
the fear of falling can result in loss of confidence and
independence. The two major factors in the loss of balance is
weakening of the muscles and reduced cognitive skills. While
exercise programmes can reduce the risk of falling by 40%,
patient compliance with these programmes is low. We present
the Microsoft-Kinect based step training program system that
we have developed specifically for elderly patients. The
program measures physical health and cognitive abilities and
incorporates an individualized adaptive program for
improvements. The real-time data obtained from the program
is similar to clinical evaluations typically conducted by
doctors and the game-like exercises result in increased
adherence to the exercise regimes

1. INTRODUCTION
Physical functioning is defined as the set of basic activities
that are considered essential for maintaining independence.
Decline of physical function with age leads to multiple health
problems including postural instability and falls [1]. Falls in
turn are linked to increased mortality, disability, fractures and
fear of falling [2-4]. When balance has been lost, in order to
prevent a fall, one can take a proactive or reactive step to
regain balance. Physical exercise has been shown to be the
most effective intervention to improve balance, stepping
behaviour and reduce fall risk on older people [5-7]. However,
these exercise programmes are often perceived as boring and
compliance is often poor [8].
The use of video games in phypsical training (exergames) has
shown a positive impact on delivering exercise programs with
higher levels of enjoyment and motivation for the elderly [9].
Moreover, the use of modern input devices could allow the
determination of a person’s physical performance. Yet, some
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problems are inherent to the use of video games due to the
limitation of available commercial video games which have
not been designed for the purpose of providing therapeutical
support for the aged cohort [10-12]. The potential of using
this video game technology to accurately perform clinical
testing as a tool to assess the effectiveness of an intervention
has just started to being explored [13].
We present the Microsoft-Kinect based step training program
system that we have developed specifically for elderly
patients. This system delivers individually adaptable stepping
exercises for older adults and simultaneously measures step
performance. While the system has some similarities to
physical games, the design differs significantly as our primary
goal is to predict the likelihood of users falling and through
exercises reduce their chance of falling. Furthermore, we
incorporate specific cognitive tasks to help detect changes in
physical ability when users are multitasking. Entertainment is
a distant third goal for the system.
Next section presents a summary of related work in the field
of exergames. Section 3, describes our methodology to match
clinical tests used by doctors. Section 4, describes the
cognitive load tests that we have developed, namely the
Simplified Stroop Test, the Stroop Test and the Maths
Workout to present increasing cognitive load to patients while
performing exercises. The final section includes a discussion
of our results and future work.

2. RELATED WORK
Modern input devices, such as the Nintendo Wii Balance
Board, Nintendo Wii Motes, and Webcams among others, are
now commonly used to enable older adults without much or
any computer experience to interact with games as well as to
evaluate user performance. For instance, Doyle et al [14]
utilised a series of motion trackers and a webcam to deliver
balance and strength exercises. The aim of this work was to
improve the motor function of the lower limbs, which is
essential to avoid falls. In this project, five exercises from the
Otago Exercise Programme [15] were delivered and the user
performance was remotely monitored by the instructor. This
feature allowed the instructor to validate the correct
completion of each exercise despite being remotely located
from the participant.
In the work done by Gerling et al [16], the Nintendo Wii
balance board was used for balance training. The game
consisted of obstacle avoidance by weight shifting. In this
game, the needs and capabilities of the elderly players were
taken into consideration resulting in a game with a simplistic
interface and adaptive difficulty. One of the problems with
this approach is that the use of the Wii balance board still

Fig 1. Screenshot of the simplified Stroop Test
imposes an obstacle on the degree of freedom to be able to
perform a wider range of balance exercises suitable for the
elderly. In addition to this, the board potentially exposes the
older person to an increased risk of falling. To counter the fall
risk inherent in a raised platform, Smith et al [17] used a flat
dance pad paired with a modified version of the game Dance
Dance Revolution. Its main purpose was to provide a tool to
exercise the stepping abilities of older adults. Unlike the
commercial game, this version has been adapted to a range of
stepping speeds including slow responses. More importantly,
this work has shown that a custom-made dance pad can be
used as a measurement tool to obtain valid step data that
discriminate between the groups of recurrent fallers and nonfallers [18].

3. METHODOLOGY

The work presented in this paper utilises one of the most
recent camera-based input devices, the Microsoft Kinect. This
input device is capable of capturing video and sound without
requiring user to wear any sensors. Having both sensors
allows us to create dual-task tests which was not possible with
previous hardware.

Our system uses Kinect as the main sensor and is
implemented using Unity3D engine. The user stands in front
of the TV with the Kinect placed above the TV and an avatar
mirroring the person’s movements appears on the TV. A
circle with 6 distributed sectors is then drawn on the screen
surrounding the player’s avatar. Once the colour of one of the
sector changes to green on the screen, the user must move
their leg to take a step onto the highlighted square and back to
the centre as quickly as possible. As soon as the player returns
to the initial position the process starts over with a randomly
selected square.

Furthermore, the proposed system incorporates mechanisms
that can resemble clinical tests of motor and cognitive skills
for the elderly. This is accomplished by Stroop test where
users have to read the color while competing the stepping task
as quickly as possible processing relatively accurate
information of the positioning of the user’s body in real-time
captured with the Kinect. A full body avatar that mirrors the
user movements is also displayed as part of user feedback.
Bakkes et al [19] define personalised games that utilise player
models for the purpose of tailoring the game experience to the
individual player. The personalization in our system is limited
to adjusting the step test and varying the cognitive tasks.
Garcia et al [20] describe in detail our efforts in matching the
performance of the system to diagnostic tools typically used
by doctors for similar evaluations.

We have examined the large range of clinical tests that are
used to measure physical function and chose the Choice
Stepping Reaction Time task (CSRT) [21] as most appropriate
for our purposes; see [20] for further discussion on types of
tests and considerations. CSRT has been validated for older
populations including large prospective cohort studies with
falls follow-up [22]. CSRT task involves the person standing
on the two central step panels of a wooden board. One of four
surrounding panels (front left, front right, left, right) lights up
randomly and the person has to step on this panel as quickly
as possible and then return to the centre. The mean reaction
time of 20 trials is measured [19] and the performance in this
test is found to correlate with fall risk [18].

The current version of the system uses a single view, but we
have also tested multiple camera views and their impact on
cognitive load for the user when performing the task to create
diverse cognitive conditions.
Based on the requirements of the CSRT test, the following
measurements were incorporated to the Kinect-based system:
•
•

Decision time (ms): Time elapsed between the sector
turning green and one of he legs initiating a movement.
Movement time (ms): Time elapsed between the leg
initiating a movement and the foot touching the green
coloured sector.

Fig 2. Screenshot of the simplified Stroop test where users have to read the
color while competing the stepping task as quickly as possible.

Fig 3. Screenshot of the Maths Workout where users have to answer basic
math questions while competing the stepping task as quickly as possible.
•
•

Response time (ms): Decision Time + Movement Time
Validation of ‘Go / No Go’ Activity: A ‘Go/No Go’
activity is successful when the user meets the ‘Go’
condition (green) and inhibits his/her response during
‘No Go’ trials (red).

4. COGNITIVE LOAD
Assessing the disability and decline in elderly is often
difficult. Physical performance tests are often used in
conjunction with self-reports from patients to reach a
determination. In some cases, cognitive state is assessed using
the Mini-Mental State Examination [23], immediate and
delayed recall of brief stories, which measures episodic
memory [24]; and the Symbol Digit Modalities Test, which
measures the domains of perceptual speed and executive
function [25]. The results of the cognitive tests are evaluated
as a contributing factor to decline in physical function, but
there is currently no good model of the interplay between
cognitive and physical functions in leading to falls. In a recent
study [26] showed that the risk of multiple falls increased with
poorer function in Stroop test. However, in all of these tests
the physical test and cognitive test are separate. Physical test
is based on timings in a step test combined with counting the
number of falls over a 12-month period. The cognitive test is
performed independently in an office setting.
We have incorporated three cognitive tasks with the physical
step test: the Simplified Stroop test, the Stroop Test and the
Maths Workout. These tests increase the cognitive load on the
user resulting in noticably slower reaction time for users that
are likely to fall.
The Simplified Stroop Test (Fig 1) task requires the user to
say the colour out loud while performing the step test. As the
colour of the word and its semantic meaning are identical, this
task creates a minimal increased cognitive load for the user.
For the Stroop Test (Fig 2) task the semantic meaning of the
word and the color of the word do not match. Once again the
user has to say the colour out loud, but in this case there is
interference between the meaning and colour of the word.
While the mind automatically determines the meaning of the
word and then must consciously check itself to identify
instead the color the word is written in. This interference
results in a delay and the extra processing required results in
slowing down during the stepping test.
The Maths Workout requires the user to answer a math
question that is read by the system. While there is no
interference effect as with the Stroop test, it does require the
user to interpret what they have heard to answer the question.
The accuracy of the answer is automatically processed by the
voice recognition system.

5. RESULTS AND FUTURE WORK
We first tested the system in a laboratory setting with 57
elderly patients followed by tests at a retirement village. The
preliminary results indicate that users find the system
engaging, prefer doing exercises with this system and the
cognitive load tasks result in slower step testing results as
expected. For users who are at risk of falling, the slowing
down in reaction time due to cognitive load is much larger
than for users who are not at risk of falling. We are currently
deploying the system to be installed at 40 homes as part of a
controlled trial to gather long-term data on compliance to
exercise programme rates and how the system is used when
there is no supervision.
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