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Abstract

Falling is a common occurrence among older adults with over 1/3 of older adults
falling per year. There are a range of balance tests used to indicate an older adults
risk of falling, many of which are attention invested and arguably do not apply to
real-world settings. In real-world situations an individual’s primary focus cannot
always be fixed on a balance task. This study used divested attention by combining
the balance error scoring system (BESS), an established balance test, with the

controlled oral word association (COWA) test.

The primary aim of this research was to examine the inter-rater reliability of a
modified BESS (mBESS) test. Secondary aims included determining if there was a
relationship between the BESS and COWA scores, and whether this test was an

appropriate level of difficulty for older adults.

The mBESS test was administered to four older adults, each completing three
recorded sessions involving three trials of each balance stance. These recordings were
then submitted to four volunteer raters who scored the tests independently using the
prescribed BESS tools provided. Inter-rater reliability was assessed using Pearson’s

correlation coefficient.

The average total inter-rater reliability was 0.97, with the lowest reliability observed
when scoring the one-legged stance (0.83). As expected, the variability between
raters increased with the difficulty of the balance stance task. The mBESS test
therefore offers excellent inter-rater reliability. Due to Covid-19 and the nationwide

lockdown interfering with data collection, the secondary aims could not be addressed.

The mBESS test has excellent inter-rater reliability (0.97) and the test could be
suitable for future research regarding falls prevention to help assess falls risk with

more authenticity.
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Chapter 1: Introduction

Due to the growing concern around elderly falls and the potential harm it could
cause, this project explored the possibility of a new test that could accurately
evaluate an older adult’s fall risk. This research was designed to examine the
reliability of the combination of two existing tests, the Balance Error Scoring
System (BESS) and the Controlled Oral Word Association (COWA) test. The
combined test was referred to in this project as a modified BESS test (mBESS).
This dissertation reviews existing research on balance testing to help provide an
understanding of why the mBESS was being explored, the use of this test, and why

these two tests were chosen.

Covid-19

Due to the nationwide Covid-19 lockdown this research was modified from the
initial proposal. The New Zealand community lockdown occurred two weeks into
testing and therefore forced data collection to cease. Subsequently the research
design had to be altered to fit the programme time frame. The research therefore
changed from being a reliability study to become an inter-rater reliability study. The
specific objectives were to determine the reliability of the modified BESS, compare
individuals’ BESS and COWA scores and determine the ease of administration and
difficulty performing the test. The revised objective of this research were changed
to ‘determine the inter-rater reliability of scoring the mBESS test’. The literature
review subsequently extended to include reliability testing, with a section on inter-
rater reliability and learning effects to accommodate the modified aims of this

research.

Background
Older adults and falls prevention

Old age or becoming an older adult is defined by the World Health Organisation as
anyone over 65 years of age.! The older adult population is expected to increase,

and it is predicted that by 2051 there will be 1.14 million older adults in New



Zealand, making up 25% of the population.? With ageing comes psychological and
physical deterioration, both of which can be a factor contributing to falling.>- Falls
are the second leading cause of accidental injury or death worldwide, with 193,974
falls claims from older New Zealanders in 2017 19; the total cost of these falls was

estimated to be over $267 million.®

There are many reasons why falls become more common with old age are often
categorised into intrinsic or extrinsic factors. Intrinsic factors include any
psychological, physical or physiological impairments, whereas extrinsic factors are
environmental issues including, lighting, flooring, polypharmacy and footwear.” !!
The strongest predictor of whether someone is likely to be at risk of falling is their

811

history of falls.

Falling can cause many serious issues including fractures or tissue damage,
functional limitations, decrease in independence and in the worst case, death.!!:12
Not only can this be a burden on the individual, but also a huge cost to society.®
Falling is financially covered by ACC, which is funded by the government,

investors and New Zealand businesses.

If an older adult fell and returned to independent living they would be assigned a
needs assessor to visit their house and assess what they could do to ‘safe-proof’
their home. This means physically altering their environment, through household,
behavioural or medicinal changes in order to lessen the potential harm that could be
caused by the individual falling again.!* Although this service could help reduce the
severity of the outcomes from falling it does not help address the root of the
problem. Another strategy commonly used is exercise. There are many falls
prevention exercise classes around New Zealand targeted at older adults. With the
‘Live Stronger for Longer’ initiative, partnerships had been created to help
advertise 900+ exercise options nationwide.!* The majority of these classes focus
on improving cardiovascular performance, muscle strength, co-ordination and
balance.'* Although both the needs assessor and exercise interventions could
decrease the harm of falling, only exercise addresses the actual problem of
preventing the individuals physical ability to avoid falls compared to a needs

assessor changing the physical environment.



Current balance assessments

Many exercise classes evaluate their participants’ balance ability and risk of falling
using various tests. Common tests used nationally and globally include the Timed
Up & Go (TUG), the Four Staged Balance Test (FSBT), 30 Second Chair Stand (30
CST) and the Balance Error Scoring System (BESS).!>-1¢

Although TUG was commonly used, there are multiple studies that believe it offers
an inadequate prediction of an individual’s risk of falling.!’2° The FSBT, 30 CST,
and both BESS have all shown strong reliability.?!">* The FSBT, the BESS, also
had intra- and inter-rater reliability evaluated, with all three tests showing strong

intra- and inter-rater reliability.?*

Although all of these tests measured an aspect of balance, whether it was mobility,
strength, muscular endurance or flexibility, they were all conducted in a controlled
setting. All tests were performed without distractions and therefore arguably did not
represent the real-world balance demands.?¢ This therefore raises the question as to
whether they are valid tests for measure an individual’s fall risk. Falls can
commonly happen due to multitasking or becoming distracted and this ideally
should be translated into testing to create a more valid test.”®!%!! Current tests have
low external validity and therefore we question whether these tests can provide

sufficient insight into an individual’s risk of falling.
Divested Attention training

Divested attention training, also known as dual-task training is the idea of focusing
on multiple tasks at one time.?” Divested attention training is used to create
interference between two tasks being performed simultaneously.?® This forces the
participants’ attentional demand to be spread between multiple tasks and therefore

can alter the quality of the performance of each task.?’

Divested attention training has shown to be successful among participants that are
rehabilitating, recovering from lower limb amputation or losing functional
movement due to age.?® 3! Research conducted among the older adult population
showed the benefits of divested attention training for the gait cycle and posture.
Divested attention training could therefore be ideal for older adults as falls often
occur due to distractions and multitasking.?® With divested attention training, older

adults’ task performance will be compromised and result in a decrease in



performance of either one or both of the tasks, this is due to older adults ability to

multi-task as they age.>33

Inter-rater reliability

Inter-rater reliability is an important aspect to explore during test development.
Having strong inter-rater reliability means that different testers can score the same
test and record the same results.?* The inter-rater reliability of the BESS was shown
by Kleffelgérd et al.>* to be excellent with an interclass correlation coefficient

(ICC) of 0.81.

Significance of the study

Falls are the second leading cause of injury or death worldwide and prevention
strategies are important and require evaluation.'® This research project combined a
respected balance test with cognitive distractions and examined the inter-rater
reliability of this mBESS. Currently there is no known research that has explored
divested attention training and older adults’ balance ability. This research avenue
needed to be explored due to its success with other populations.?®3! This research
could lead to new strategies for falls prevention among elderly and therefore help to

reduce the harm and number of falls occurring.

Research question
The aim of this study was to investigate the inter-rater reliability of the modified

BESS test.



Chapter 2: Literature Review

Chapter overview

This literature review explores aspects surrounding the inter-rater reliability of the
mBESS test. Firstly, it details why there is a need for this test by interpreting the
literature about older adult health and falls prevention. This literature review then
discusses the current balance assessments in use and their validity and reliability.
The concept of dual-task training is discussed in regard to how this could be
beneficial for older adults. To conclude this section, the current literature on inter-

rater reliability testing and learning effect was reviewed.

Older Adult Health and Falls Prevention

Becoming an older adult is defined as anyone over 65 years old.’> Ageing is a part of
life which is accompanied by psychological and physical deterioration and an
increased risk of chronic illnesses.*™ It is expected that the world will have a
substantial increase in the number of over 60 year olds.>> Statistics New Zealand®
predicted the population of over 60 year olds will reach 1.14 million by 2051; this

would equate to one in four New Zealanders.?3-

As well as an increase in chronic illnesses, some of the psychological and physical
changes that can occur with ageing include slowing of reflexes, deterioration of
eyesight, decline in mobility and decreased muscle strength.”-!! Although many of
these physical changes occur naturally when ageing, some may be prevented with
early detection and treatment.***® Enduring one or many of these changes can make
the simplest of human movements difficult, including maintaining good posture or
walking. It is therefore no surprise that these changes can lead to falls among older

adults.?’

Falling is defined as an unexpected event in which the individual comes to rest on
the ground or lower level.>** The WHO! believes falls are an important global
concern as they can lead to injury or fatality.*® The risk and seriousness of falling
increases with age among older adults due to some of the changes listed above.>*! It

is believed that 1/3 of community dwellers and over 1/2 of rest homes residents fall



annually.!! Death due to fall-related injuries contributes to 23% of deaths in over

65s and 34% in over 85s.1!

The reasons why older adults fall can be categorised as having either extrinsic or
intrinsic influences. Intrinsic factors include any psychological, physical or
physiological impairments. The most common intrinsic risk factors include balance
disorders, previous injuries, reduced mobility, decreased muscle strength, visual
decline, cognitive impairment, dizziness, interaction of medications and existing
illnesses.”"!! Extrinsic factors include floor rugs, slippery or uneven surfaces, poor

lighting or footwear.”!!

The strongest indication that an individual is at risk of falling is a history of falls. If
an individual has fallen within the last year, they are at a higher risk of falling
again.”!! When older adults fall it can result in fractures and soft tissue injuries.
Long term affects include functional limitations, a decrease in confidence, loss of

independence and ongoing costs for rehabilitation or help.!!:!2

Interventions to reduce falls include reducing environmental hazards, reassessing
medications, modifying individual behaviours and exercise programmes.!! If an
older adult falls and returns to independent living it is common they will be
assigned a needs assessor to facilitate those interventions, with the exception of
exercise.!®> One issue with this approach is that exercise is the only intervention
aiming to resolve the root of the problem. Current falls prevention exercise
programmes tend to focus on balance, strength, mobility and aerobic capacity.
Many studies have shown exercise programmes with compliant participants reduce

7.10.1142.43 1t has been noted that exercise programmes are

the risk of falls occurring.
the only effective intervention at reducing the number of individuals that fall, and
reducing the rate of falls occurring among fallers. All other interventions tend to

reduce only one of these variables,!%!1:44

Older adult exercise programmes have been altered and refined to specifically help
them perform everyday activities safely.>¢® Although many exercise programmes
for older adults can include a mixture of balance, strength, mobility and aerobic
training it is hard to assess their effectiveness.” Many studies have used falls history
to determine whether interventions are successful, but very few use a reliable test of

balance ability.”-10:11:42.43



Balance Assessments and their Validity

Balance is defined as the ability to remain in a position without falling or losing
control.>* Balance ability decreases with age due to a greater influence of intrinsic
factors that can impair their psychological, physical or physiological capabilities.””
1 Balance is an important factor for older adults as falling is the leading cause of
injury and can result in significant personal, social and economic burdens.!® Within
New Zealand a range of exercise programmes for older adults are offered, with the
Live Stronger For Longer partnerships offering over 900 options.!* Several
common balance tests are used in New Zealand, and also globally, to help assess

older adults’ balance. These include TUG, 30 CST, FSBT and the BESS test.!>16
The Timed Up and Go

TUG involves the participant sitting in a chair, before standing up, walking around
a cone placed 5 metres away, and then returning back to sitting. The risk of falling
is assessed based on the time it takes the participant to complete that task.*®
Although TUG reflects the participants’ strength and mobility, it does not address
many other factors that contribute to falls.!® TUG is recommended by organisations
such as the American Geriatric Society, British Geriatric Society and National
Institute of Clinical Evidence.'®!” Evidence indicates that the TUG is inadequate at
accurately predicting someone’s risk of falling, yet it continues to be used and

recommended by influential organisations.!”2°

A key issue with TUG is the low sensitivity and specificity of the test.!®* Many
studies use different cut-off times depending on their participants and this therefore
makes it harder to adopt for individual programmes.'®° Depending on their TUG
performance time, participants are separated into either a high or low risk of
falling.*¢ A participant could therefore do this test with two separate programmes
that use different TUG cut-off times and be assessed as both high and low risk. Not
having a universal cut-off time seemingly defeats the purpose of this test as the test
should be applicable for any programme to use as an indicator of falls, with no prior

knowledge of the participants.



4 Staged Balance Test

FSBT involves participants standing in four different stances for a maximum of 10
seconds. The score given is equivalent to the seconds achieved in each stance. The

four stances include parallel, semi-tandem, tandem and one-legged.*7*8

Parallel Semi-tandem Tandem One-legged

Figure 1. Four staged balance test feet positioning *’

Many organisations recommend the FSBT is for assessing geriatric balance
globally.* In the past this test has shown to have strong reliability, as well as

good intra- and inter-rater reliability.>!>?

Internal validity has been established on the basis that participants’ scores reflect
their balance ability when compared with performance on other balance tests.!!51->2
Although there is no research regarding the external validity of the FSBT in regard
to falls risk, we could assume it might be low, due to research showing that many
extrinsic risk factors for falling cannot be replicated in such tests.” !! Since the
FSBT is conducted in a lab, it eradicates all external factors and it is therefore hard

to evaluate whether it is applicable in the real-world.
30 Second Chair Stand

30 CST is a test which has been commonly used to measure leg strength and
stability.>® The aim of this test is to move from sitting to standing as many times as
possible in 30 seconds.>* The 30 CST has shown strong reliability through test-
retest scenarios (ICC 0.84-0.92).21:%

Although the 30 CST may be a valid measure of leg strength it does not necessarily
correlate with one’s balance ability.?!?> Macfarlane et al.?? examined validity of the
30 CST by comparing scores with hip and knee extension strength. The 30 CST
proved to be a moderately weak measure of lower leg strength. As well as having

low validity, there is also contradicting research about its measure of leg strength.



The 30 CST also does not offer a universal scale to assess someone’s fall risk,
which therefore makes it hard for programmes to identify whether someone is high

or low risk.
Balance Error Scoring System

The Balance Error Scoring System (BESS) test involves participants standing in
three different test positions for 30 seconds. These positions include parallel,
tandem and one-legged. This test is usually performed on both hard flooring and a

foam pad.>®

Parallel Tandem One-legged

Figure 2. Balance error scoring system feet positioning *’

The BESS test is scored by the number of errors accumulated in the 30 second
timeframe. Participants are expected to have their eyes closed and hands on their
iliac crests for the duration of the test. Potential errors include moving their hands
off their iliac crests, opening their eyes, stepping, stumbling or falling, abduction of
the hip beyond 30 degrees, lifting of the forefoot or heel, or remaining out of the
test position for longer than five seconds.* If a participant commits multiple errors
simultaneously it only counts as one error. The maximum total number of errors a

participant can score per stance is 10.%

The BESS test has been shown to provide reliable measures of balance.?3-25-¢

Although this test is reliable there is the question of its validity. Although a test can
measure balance, this does not necessarily mean that it is an indication of
someone’s falls risk. As the test is conducted fully attention invested with no
distractions, such conditions would be highly unlikely in the real world. Falls occur
due to both intrinsic and extrinsic factors. Conducting BESS in a lab-style setting

isolates only the intrinsic influences on falling.”#!%!! These conditions are not



comparable to uncontrolled environments, which raises questions concerning the

external validity of such tests.?®

Although these different balance tests may be reliable, a key consideration for these
tests is their validity. Different tests can measure one or more different components
of balance, but this does not necessarily mean these tests translate into someone’s
potential to fall. As discussed previously there are many intrinsic and extrinsic
factors that have an effect on older adults falling. All of these tests tend to isolate
the intrinsic factors and therefore do not incorporate any extrinsic potential. When
performing in a lab-based setting with optimal environmental conditions, a
participant can compensate for their usual ability by bringing more attentional focus
to the task.?® This means that participants may be balancing better in lab-based tests
than in the real-world due to being able to focus solely on the balance task in the

lab.

In life, our sensory, motor and cognitive elements constantly interact for all tasks
we perform. It therefore seems logical that this same interaction should be
replicated with test methods that are trying to replicate real-world scenarios.?® The
idea of adding a cognitive task to a balance test should create a more realistic and
applicable indication as to whether someone is at risk of falling. This concept is

known as divested attention training.

Divested Attention Training

Divested attention training is the idea of focusing on multiple tasks at one time.?’
The idea of divested attention training is that the performance of one task interferes
with another task being performed simultaneously.?® By performing these
simultaneously, the participant’s attentional demand is forced to spread or move
between them.?’ This is particularly difficult when motor performance is not

automated.?’

There are two key theories about divesting attention, these are the capacity theory
and the resource theory. The capacity theory believes everyone has a limited
amount of attentional resources that can be used at one time, therefore by a primary
task demanding the most resources it leaves little capacity for other concurrent

tasks.>”-*® By performing more than one task the resources can be split resulting in

10



both tasks not gaining maximum resources. Although this could be considered a
negative, everyone’s attentional capacity is fluid and can be easily transferred.>”->8
Although similar to capacity theory, resource theory highlights the allocation of
attentional resources. It believes that one task will dominate the attentional
resources as there has to be a primary task. This means although multitasking can
happen, one task will be demanding the main proportion of one’s attention. We
would therefore see someone demonstrate an imbalance of ability across multiple

simultaneous tasks.’”->® Although similar, capacity theory views attention being

more fluid and transferable compared to resource theory.
Importance of divested attention training

When testing a single-task skill it is arguably important to incorporate divested
attention training, as many real-life scenarios will include participants having to
split their attention across a range of tasks. By isolating a task it creates ample
opportunity for a participant to solely focus on that task and use more attention than
they normally would in everyday life.>*%* Divested attention training can be used
across a wide range of movement patterns including professional sport or everyday
movement such as standing and walking. Divested attention training has shown to
be successful for scenarios involving limb amputation, injury rehabilitation and

improving movement among older adults.?®-3!

Research conducted among the older adult population studied the effect of divested
attention training on movements such as the gait cycle and posture. No research was
located examining the effect of divested attention training and balance ability. As
individuals age their functioning begins to deteriorate; this includes their sensory,
motor and cognitive processes, all of which play a part in everyday movement. It is
therefore understandable that as these processes age and become impaired, that
tasks will require more attentional demand.?®2” Movements such as walking and
maintaining posture would require more attention, therefore making multitasking
more difficult, but still remaining a vital and common part of everyday life.
Creating exercises and tests that mimic divested-attention training could be
beneficial for older adults as it would help them apply this training to their real life.
Through practicing under these circumstances, training may help decrease the

attentional demand needed for everyday tasks.

11



Evidence of success of divested attention training

Silsupadol et al.®!-%? found that divested attention conditions provide more accurate
information compared to a single-task conditions. When analysing gait cycles, five
out of 32 studies used a memory or mental arithmetic task simultaneously with
assessing gait. These five studies produced the most accurate and reliable results;
and the other 27 studies were suggested as lacking relevance as environmental
conditions were not relatable.?® Other studies have found age and physical condition
played a factor in whether single or dual task conditions affected the participants’
performances. Studies that looked at postural balance found that a cognitive task
decreased the quality of posture in older adults but had little effect on young
adults.?®% One study in particular conducted research on a team of baseball players.
This involved the players performing the BESS test in a lab-based setting and on
the side-line during practice. The side-line scores were significantly higher (more
errors were scored) due to the external stimuli of watching practice. This showed
that a split in the attentional demand occurred between balancing and watching
practice compared to the lab-based test where there were no distractions.®* People
with recent lower limb amputations also showed a larger disturbance in posture
once distracted.®-926> These studies show that the more subconscious the task is to
perform, the less effect a subsequent task could have on performance. For example,
holding posture could be more conscious in older adults due to their loss of muscle
mass and strength, as well as the slowing of cognitive processes that occurs with

older age.!!-56

Divested attention training and balance ability

Divested attention training among older adults may be important for improving
balance as falls occur more frequently during activities where attention has been
divided.”® When looking at divested attention training among older adults either the
physical or mental task performance will be compromised and result in a decrease

in performance of either one or both of the tasks.3?3

Agmon et al.*? found that postural sway occurred once the participants began a
cognitive task indicating that attention is needed for posture among older adults.
Posture is assumed to require little to no attention as it is a well-learned skill, but

this may not be the case for older adults due to physical deterioration.*® One study

12



showed that posture decreased for older adults when performing a cognitive skill
but not for young adults, meaning that with age our regulation of posture becomes
more challenging, meaning more attention is needed for control.®* Divested
attention training can therefore help assess whether someone’s postural control has
deteriorated and higher attentional demand is required. Single-task training is

unlikely to measure this due to there being only the one task to focus on.5*¢7

Scherder et al.*° found that some participants’ balance will be consistent but their
cognitive test scores will decrease. This showed that primary attention is given to
balancing, which resulted in less attention being used for the cognitive task. A
popular test to measure older adult’s balance ability is the walking-while-talking
test. An individual is filmed walking twice, once while having a conversation and
the other without. Differences in the participants’ gait cycles and pace will

determine their risk of falling.3%:68

Reliable testing

When conducting research, it is important that the data being gathered is reliable
and valid. Some key areas for concern with divested attention training is the
learning effect, the reliability of both tests that are being combined and whether it

has strong inter-rater reliability and can be accurately scored by assessors.
Learning effect

The learning effect, also known as practice effect, is when an individual’s
performance improves due to repeated exposure to testing material resulting in
them gaining familiarity and adopting strategies to improve.®®’% A learning effect
will be particularly noticeable in the early exposures to a test and usually does not
occur later.% If the learning effect isn’t eliminated through prior familiarisation,
then data may not be reliable as it will have an increased variability of results.%%7!:72
For some tests the learning effect can last up to four sessions and therefore four
prior sessions may need to be conducted to remove this variable.”®7? It has also

been found that tests with larger cognitive demands have the biggest learning

effects.”

13



A BESS test-retest trial found that learning was obvious between the first and
second sessions, however scores stabilised for subsequent sessions.?>”* Other
research found that there was no difference between the 30 day pre- and post-test
scores of the BESS, but the average participant scored lower (less errors) on the
tests five and seven days after pre-testing. This shows that the learning effect
occurred within the first week but did not make a difference to post-testing 30 days
later.”* BESS performance therefore improves as a result of learning effects as

participants develop strategies to better their performance.”
Reliability testing

The BESS test has been shown to be a reliable measure of balance and postural
control, especially among older adults.?> A number of studies found that BESS test-
retest demonstrated good reliability, with results having an ICC of 0.74.7>76 A study
conducted on a group of American collegiate football players found that the control
group only had a 5% difference in their test-retest scores, indicating strong

reliability.”’

The reliability of the COWA test was assessed by the total number of words spoken
in 20 seconds. The reliability was 83% which is acceptable considering the test has
a brief duration.’”®” This study also assessed test-retest to assess reliability with two

sessions. This had a moderate reliability of 74%.787
Inter-rater reliability

Numerous studies have evaluated inter-rater reliability for the BESS test. One study
found that the BESS test had strong inter-rater reliability (ICC=0.81).2* Two other
studies found ICC reliability scores of 0.92 and 0.61 which showed that the inter-
rater reliability of the BESS test is good to excellent.”>7¢

Summary

The available literature was reviewed to inform the methods of this study. The
balance test used was a modified BESS, the BESS test was found to be the most
consistent and reliable of the balance tests assessed. This test was combined with

the COWA test, to create a dual-task test that divested the participants attention.

14



The reason for this was to replicate the real-world situation of having to balance

while simultaneously performing other tasks or being distracted.
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Chapter 3: Methods

Due to Covid-19 the revised aim of this study was to investigate the inter-rater
reliability in scoring of the mBESS. The specific objective was to determine the

inter-rater reliability between raters scoring the modified BESS test.

This chapter explains how inter-rater reliability of the mBESS was assessed. It will
describe recruitment and participant eligibility, ethics and the study design and

procedures. Lastly this section will show how the data was analysed.

Methods
Study design

To address the objectives of this study a test-retest protocol of the mBESS was
used. Ethical approval for this study was obtained from the Otago Polytechnic
Research Ethics Committee (21st February 2020) (Appendix 4). Kaitohutohu
Research consultation was undertaken (8th November 2019) with the department’s

Kaitohutohu representative.

The first phase of the study involved testing participants over three testing sessions
using the combined BESS and COWA test, which is referred to as the mBESS.
Sessions were conducted over a two-week period, with each session being at least
3-4 days apart. In an initial familiarisation session, participants had the tests
explained and were able to practice the tests and understand what the following
sessions would entail. The three testing sessions were then conducted and recorded
for scoring purposes. No intervention or training was provided within the two-week
testing period. Protocols for the BESS test were based on the BESS manual,’ and
protocol for the COWA test was based on the Benton COWA Test: Reliability and
Updated Norms.”®7

The second phase involved four independent raters individually scoring all
participant tests using the criteria provided. The independent raters were
purposively selected to provide a range of experiences and knowledge. They
included individuals with a background in personal training, physiotherapy and

occupational therapy, as well as an individual with no background in health and
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fitness. This was the first time all four raters had involvement with balance testing.

Video recordings of testing sessions were provided to these raters.

Recruitment:
flyers and

information
EES

Screening:
eParticipants made vyhether
contact expressing participants are
interest eligible for

research

*Eligible Phase 1 testing:
participants were

four sessions
testing over two weeks

organised to start

Phase 2 scoring:

eTest recording four raters
were edited for scored all
scoring recorded tests

Figure 3. Recruiting and testing process

Participants

Participants were recruited from a local older adults exercise programme. Two
forms of screening were employed with this study. When recruiting both the
information sheet and flyer outlined the eligibility criteria. This gave participants
the option to communicate with the researcher regarding any health concerns or
queries. Each participant then completed a screening form that checked their
eligibility. Basic information such as contact details, an emergency contact, lifestyle
questions and medical history were captured. The lifestyle questions focused on
how active the participant was and their falls history. The medical history focused

on existing or previous health issues.

The eligibility criteria were intended to ensure the safety of the participants. As this

is an inter-rater reliability study, participants were required to be over 18 years of
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age and speak fluent English. Participants were excluded if they had a current heart

condition, had any known balance disorders, or had fallen in the last two years.

The four participants were all recruited from a local older adult exercise
programme. They were all over 60 years old, three of which were males and one

female.

Data collection procedures

At each testing session participants were asked to remove their shoes and stand in a
designated area in the room. A spotter was positioned either side of the participant.
Spotters were trained according to the British Columbia Institute of Technology®°
on safe patient handling, position and care guidelines. These guidelines include
patient risk analysis, how to identify someone about to fall, and how to effectively
help someone who is falling with correct posture, stance, hand placement, and

technique.®® A script of instructions was then read to the participant with verbal and

visual instructions.

A B C

Figure 4. BESS test positions (parallel, one-legged & tandem) >°

Participants were read and shown the modified BESS test instructions according to

the University of North Carolina’s*® BESS manual. The modified COWA test was
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then explained following the COWA guidelines provided by the Benton COWA

Test: reliability and updated norms and instructions

78,79

with minor modifications.

These modifications were that instead of having one minute, the participant was

provided the same amount of time as the mBESS test (20 seconds). Instead of only

naming two words, participants were asked to list as many words as possible in the

given timeframe. The letters provided were all English letters with exception of ‘q’

and ‘z’ and were randomly generated using a randomiser website

(www.random.org).

At session one, participants were informed that it was a familiarisation session and

that test results would not be recorded. For the following three sessions participants

were reminded that their tests and test scores were recorded. Once the examiner

communicated to the participant the assigned letter, the participant commenced

balancing and reciting words beginning with that chosen letter. The timer started

once the participant recited their first word. Participants were provided a 30 second

rest between each test. During each session participants completed nine tests, three

in each of the three positions. The practice session and three test sessions occurred

over a two-week period, three to four days apart.

Participants
remove shoes and
given instructions

Tandem stance:
trial 3 + rest

One-legged stance:
trial 1 + rest

Instructions
(exactly what they
are required to do)

One-legged stance:
trial 2 + rest

Figure 5. Participant testing process

Parallel stance: trial
1+ rest

Tandem stance:
trial 1 + rest

One-legged stance:
trial 3 + rest

Parallel stance: trial
2 +rest

Parallel stance: trial
3 +rest

Testing session
finished: repeat in
3-4 days
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Raters scoring

The independent raters were provided with a template scoring sheet that they were
asked to complete for each test that they scored (Appendix 2). They were provided
with an instruction sheet (Appendix 3), the BESS manual and four videos of the

participants.

Each rater was asked to read through the instruction sheet and the BESS manual to
understand what they were scoring. This explained that each participant had three
recorded sessions, containing three trials in each of the three positions. This
therefore meant each edited video contained 27 trials to score (3 trials in each of 3
sessions for 3 stances), a digital timer was visible on each video to help the raters

with the 20 second test duration. The raters were instructed to score an error if:

e The participant’s hands lifted from their hips

e The participant opened their eyes

e The participant stepped, stumbled or fell

e The participant abducted their support hip by more than 30 degrees
e The participant lifted their forefoot or heel

e The participant remained out of test position for five or more seconds

Clarifications were made that only one error was to be marked if two or more of the
listed errors happened simultaneously and that one error was to be scored until the
participant regained control. The raters were also told to ignore the scoring cap of
ten errors. Each rater then individually scored all tests for the four participants and

recorded their scores on the template provided.
Data analysis

All raw data was gathered through filming the tests. These tests were then edited
into short films for the raters to watch. Each participant film included a total of 27
balance attempts from all three sessions. The attempts were edited together, a
virtual timer was placed on the screen and the film was muted to make the rating
process simple for the raters. To evaluate inter-rater reliability Pearson’s correlation
coefficient (PCC) was used. This compared the rater’s scores against one another to
assess inter-rater reliability. PCC was chosen as the research was trying to find the

correlation between each two raters.
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Chapter 4: Results

The initial intent of this research was to examine the test-retest reliability of the
mBESS. However, due to Covid-19, testing was suspended with only four
participants having completed all of their scheduled testing sessions. This resulted

in insufficient statistical power for evaluating the test-retest reliability.

The modified research objective was to determine the inter-rater reliability making
use of the limited data captured prior to lockdown. Four volunteers were recruited
to independently rate the video recordings with these results statistically analysed.
The four raters had varying careers in occupational therapy, physiotherapy, personal

training and an irrelevant field to health and fitness.

The individual scores (tables 1 & 2) show that participants made more errors as the
difficulty of the balance position increased. The initial scoring (the researcher) for
the four participants indicated that the parallel stance (0-1 errors) and tandem stance
(0-6 errors) had relatively few errors and low variability, while the one-legged
stance demonstrated more errors and higher variability (5-12 errors). For most
participants the parallel stance tests proved easy as zero errors were recorded. The
variability of the scoring increased along with the difficulty of the stances (Table 2).
The greatest scoring variability was noted for participant 3 during the one-legged

stance, with scores varying among raters by 14.47%.

21



Table 1. Mean and range (of 3 trials) of errors scored by raters for each participant in each stance

Participant one

Participant two

Participant three

Participant four

Parallel Tandem One-legged | Parallel Tandem One-legged | Parallel Tandem One-legged | Parallel Tandem  One-legged
Rater 1 0.2 2 5.7 0 04 6.8 0 0 9.7 0 0.6 6.8
(0-1) (0-5) (5-7) ) (0-2) (5-8) ) ) (5-13) ) (1-2) (4-12)
Rater 2 0 19 5.8 0 0.2 7.1 0 0 94 0 0 7
) (0-5) (5-7) ) (0-2) (5-10) ) ) (5-13) ) ) (4-11)
Rater 3 0 2.1 59 0 0.1 7.1 0 0 8.4 0 0.1 74
) (0-7) (5-7) ) (0-1) (6-8) ) ) (5-12) ) (0-1) (6-10)
Rater 4 0 2.1 5.8 0 0.1 6.8 0 0 93 0 03 7
) (0-6) (5-7) ) (0-1) (6-7) ) ) (5-12) ) (0-1) (4-12)
Overall all 0.1 20 5.8 0 0.2 6.9 0 0 92 0 03 7.1
(0-1) (0-7) (5-7) ) (0-2) (5-10) ) ) (5-13) ) (0-2) (4-12)
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Scores for parallel stance were generally zero errors, with the exception of one rater
scoring one error for one trial, so inter-rater reliability could not be evaluated
statistically. The inter-rater reliability for tandem (Table 3) and single legged (Table 4)

stances were strong, with reliability ranging from 0.77 — 0.97.81:82

Table 2. Inter-rater reliability of tandem stance

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.863 1
Rater 3 0.868 0.967 1
Rater 4 0.899 0.962 0.974 1

Table 3. Inter-rater reliability of one-legged stance

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.771 1
Rater 3 0.778 0.861 1
Rater 4 0.945 0.808 0.822 1

The mBESS test had excellent inter-rater reliability across all balance stances,

averaging an overall inter-rater reliability of 0.972 (Table 6).

Table 4. Overall inter-rater reliability across all balance stances

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.959 1
Rater 3 0.962 0.977 1
Rater 4 0.986 0.971 0.980 1

The most challenging balance stance appeared to be the single legged stance. Radar

plots (figures 4 to 7) demonstrate how each rater scored each trial for this stance.
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Participant 1

=== R3ter 1 e—=ge==Rater2 e=g-=Rater3 -—g-Raterd

Figure 6. Errors scored one-legged stance, participant 1

Participant 2

emge=R3ter 1 e=ge==Rater2 e=g-=Rater3 -—g-Raterd

Figure 7. Errors scored one-legged stance, participant 2
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Participant 3
1

emgemRater 1 e=g==Rater2 ——g-=Rater3 -—g-Raterd

Figure 8. Errors scored one-legged stance, participant 3

Participant 4

9 10 2

—mge=Rater 1 e=ge=Rater 2 —=g-=Rater3 -—g-Raterd

Figure 9. Errors scored one-legged stance, participant 4
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Chapter 5: Discussion

This study explored a novel combination of a balance test (BESS) with a distracting
cognitive task (COWA), with the expectation that the increased attentional demand
needed for a secondary task would offer a more valid assessment of balance. The
objective of this study was to examine inter-rater reliability of the new test (mBESS).

The mBESS had excellent inter-rater reliability. All stances had inter-rater reliability

results greater than 0.75, which according to Cicchetti®!-8?

is considered excellent.
Although the BESS test protocol offers seemingly objective guidelines for scoring tests,
it was found that as the number of errors increased the inter-rater reliability decreased
due to more margin for variance in subjective ratings. Inter-rater reliability also
decrease during the one-legged stance due to the differing balance strategies adopted by
participants and more opportunities for multiple simultaneous errors. Both of these
factors made it more challenging for the raters to score tests due to having to make

subjective assessments of when a participant regained balance control.

According to Cicchetti®!#? both the tandem and one-legged stance for the BESS are
considered to have excellent inter-rater reliability. In this study employing a novel
version of the BESS, similar inter-rater reliability was evident. With very few errors
evident, the parallel stance could not be statistically evaluated for inter-rater reliability
(34 out of 36 trials had zero scores). The tandem stance task had excellent inter-rater
reliability, with correlation coefficients between 0.862 and 0.974. The one-legged
stance had slightly lower inter-rater reliability, with scores ranging from 0.770 to 0.945.
Due to the one-legged stance having an overall higher average of scores, with scores
ranging from 51 to 87 it was expected there would be more variance compared to
tandem stance due to the greater number of errors occurring. The high inter-rater
reliability demonstrates that the mBESS test is capable of being reliably scored by any

trained individual.

Previous research shows varying results regarding BESS and inter-rater reliability.
Kleffelgard®* found that the BESS had excellent inter-rater reliability, with an ICC of
0.86.81:82 Another study by Finnoff et al.®} found the BESS test to have an ICC
reliability of 0.57, which is considered to be reliable.?!:82 From supporting research, the
BESS seemed to have strong inter-rater reliability.?* The current research supports this

observation by demonstrating high inter-rater reliability.
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Although the aims of this research were modified due to circumstances beyond the
researcher’s control, this did not change how the test was conducted with the
participants. Explaining the methods and testing to participants was uncomplicated and
participants appeared to understand the mBESS test requirements and procedures with
few questions. All sessions were conducted seamlessly, and both the researcher and
participants found the testing easy and straightforward to perform. Informal feedback
from participants was that the test was novel and simple to follow. They suggested that
the test was more difficult to perform than anticipated due to the cognitive distraction

of the COWA test.

The idea of divested attention training is worth exploring with older adults. Their
sensory, motor and cognitive processes deteriorate making everyday movements more
difficult. More attentional demand is required for simple movements such as walking
and posture, therefore multitasking becomes more challenging.?2” Both the capacity
and resource divested attention theories suggest that everyone has a limited amount of
attentional resources that can be used at any given time. Undertaking multiple tasks
simultaneously will therefore create a split in attention leaving some tasks with less
focus than others.’”->® It is therefore understandable that the increase in attentional
demand of a task could lead to losing balance and falling due to the shift in focus.
Divested attention training could therefore arguably benefit older adults to help train
their sensory, motor and cognitive processes, as this could help reduce their falls risk.
The theory of divested attention training has already proved successful among those

with limb amputations, injuries and limited movement.?-3!

Strengths

There were two major strengths of this study, which were the strong inter-rater reliability
and the innovative nature of the mBESS test. Across all three balance positions the inter-
rater reliability was high3!#? with the lowest inter-rater reliability being for the one-
legged stance (0.77). The overall inter-rater reliability ranged from 0.959 — 0.985, which

is extremely strong.

Another strength was the innovation of the test. With age comes cognitive and physical
delays and impairments, which means balance tasks need more attention. It therefore
seems a logical and relatively simple idea to test older adult’s balance in a more

ecologically valid way by combining balance with a distracting cognitive task. A
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combined test would offer more relevance for real-world situations due to the focus
needed for balance and therefore prevent falling among older adults.?® The distraction
section of the mBESS was the COWA test, this task shifted the attentional focus from

balancing to a cognitive task.
Limitations

The biggest limitation for this study was New Zealand’s nationwide lockdown in
response to Covid-19 that occurred two weeks into testing. Due to the lockdown
guidelines and participants being over 60 years of age, it was understood that additional
data could not be collected for at least eight weeks. With no indication when the
lockdown would end, this interrupted testing and no further data could be collected on-
site. This also halted participant recruitment as there was no indication of when
lockdown would be lifted and whether this was achievable in this study’s timeframe.
For practical and ethical reasons, testing could not be conducted via online platforms,

so data collection ceased completely.

The decision was therefore made to stop recruiting and use the current data collected.
Full data on four participants and partial data on six participants were collected before
lockdown occurred. The research focus on the reliability of the mBESS had to be
abandoned and instead the research changed focus to the inter-rater reliability of
scoring the test. This now leaves a gap for future research which could include a

reliability study or using this test for a longitudinal study.

An observation made during mBESS testing was the challenge of spatial awareness of
the participants. Since their eyes were closed it was hard for them to know where they
were in relation to the room, as well as positioning to place their feet correctly in tandem
stance. This meant that if participants were to change their body orientation during their
trial it could make scoring more difficult for the rater as they were now facing a different
direction. Due to the fixed video camera positioning the view could be interrupted and
therefore present an additional challenge to scoring. Some participants who lost balance
in the tandem stance often struggled to return to the same tandem position; for the same
reasons, having their eyes closed and their subsequent reduced spatial awareness.
Although they may have believed that they were in the same position, their heels were

often not positioned at the front of their opposite foot’s toe. This limitation was hard to
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resolve without compromising the study, as eyes were required to be closed for the

duration of each BESS stance.

The techniques adopted by each participant could also affect scoring. For example,
during the one-legged stance one participant might place their foot on the ground and
take their time to regain balance before lifting their foot again, whereas another might
tap and raise their foot multiple times attempting to regain balance. Although both
techniques may have taken the same amount of time, and had the same balance
outcome, they could be scored differently. For the purposes of this study the decision
was made that an error counted as a continuous error until the participant regained
control. Although this helped solve the issue of varying techniques, it raised another
issue of the rater’s perception of when the participant effectively regained control of
balance. As the inter-rater reliability was high it seemed that all raters had similar

interpretations of error scoring.

The urgency of participants to regain balance was also noticeably variable. When
working with older adults the speed that they are able to move can vary between
individuals. During testing, participants perceived as fitter appeared to regain control
promptly and therefore had more time in the balance position. Whereas slower
responders tended to have less time in balance. The conundrum is that more time in
balance increases the opportunity to lose balance and be scored an error. Slower
participants could take much longer to regain their balance position and therefore have

less time to create errors.

The purpose of developing these balance tests was to be able to assess individual falls
risk. Although the mBESS test demonstrated high inter-rater reliability, the test-retest
reliability has not been investigated and the association of scores with falls risk remains
unknown. No scale was found in the literature to indicate a threshold for falls risk. Due
to varying individual techniques, scores could vary between individuals and not show
an accurate representation of their balance ability. A way to manage this could be by

instructing participants on the techniques that could be used if they lose balance.
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Chapter 6: Conclusions

This research found that the mBESS test has strong inter-rater reliability, with an
average inter-rater reliability of 0.972 across all stances. Due to the enforced change in
research methods many questions remain concerning the test’s reliability, difficulty and
suitability for falls prevention among older adults. The mBESS proved quick and easy
to administer, and both the researcher and participants found the test instructions simple
to follow. Due to the relatively few errors and low variability, it was hard to judge
whether this test was reliable for measuring an individual’s balance ability. Ideally
further research will be conducted regarding this test, exploring its reliability and
applicability in the real world. Further research needs to be conducted as the idea of
divested attention training could be an important step into preventing falls among older
adults. Through this research it is understood that the world has an ageing population, if
we do not act on lowering the amount and harm of falls this could be a huge cost to

society that could be potentially minimised by effective exercise interventions.

Implications and future research directions

Current balance tests could be critiqued for having poor external validity due to being
lab-based, and there is an identified need for more functionally relevant tests of
balance. It is understood that movement uses more attentional demand as individuals
age and training and testing should reflect this. Instead of training that permits the
participant’s sole focus to be on their balance, there is arguably value in adding a
multitasking element.?®2” One way to translate the real-world scenario of multitasking
into training and testing is through cognitive distractions. Theoretically this would help
decrease the attentional demand needed for movements and therefore reduce an
individual’s falls risk. As such the mBESS test could be ideal for testing the falls risk of

older adults, due to the dual-task element.

A comparison of the mBESS test and the BESS would determine how much attention is
drawn away from balancing when performing the COWA test. The next logical step
would be a pilot study of the mBESS before using it confidentially in clinical practice.
Unfortunately, due to Covid-19 the reliability design proposed for this study could not
be completed, but this would be the most suitable next step. After establishing the tests
reliability, further research would be ideal to compare the effects of divested attention

balance training and the current single-task balance training.
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Abstract

Introduction: Falling is a common occurrence among older adults with over 1/3 of older
adults falling per year. A range of balance tests are used to indicate an older adults risk of
falling, many of which are attention invested and arguably do not apply to real-world
settings. In real-world situations an individual’s primary focus cannot always be fixed on
maintaining balance. This study used divested attention by combining the balance error
scoring system (BESS), an established balance test, with the controlled oral word association

(COWA) test.

Objective: The objective of this research was to examine the inter-rater reliability of a

modified BESS (mBESS) test.

Design: The mBESS test was administered to four older adults, each completing three
recorded sessions involving three trials of each balance stance. These recordings were then
submitted to four raters who scored the tests independently using the BESS scoring criteria

provided. Inter-rater reliability was assessed using Pearson’s correlation coefficients.

Participants: Four older adult participants complete the mBESS testing and four raters

independently scored the mBESS tests.

Results: The mean inter-rater reliability was 0.97, with the lowest reliability observed when
scoring the one-legged stance (r=0.83). As expected, the variability between raters increased
with the difficulty of the balance stance task. The mBESS test therefore offers excellent inter-

rater reliability.

Conclusion: The mBESS test has excellent inter-rater reliability and the test could be suitable
for future longitudinal and cross-sectional research regarding falls prevention to help assess

falls risk with more authenticity.

Keywords

Inter-rater reliability, balance, falls, prevention, elderly
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Introduction

With the growing concern around elderly falls and the potential harm it can cause, this
project explored the feasibility of a new test that could accurately evaluate an older adult’s
fall risk. This research was designed to examine the inter-rater reliability of a test developed
by combining two existing tests, the Balance Error Scoring System (BESS) and the
Controlled Oral Word Association (COWA) test. The combined test is referred to as the
modified BESS test (mBESS). The aim of this study was therefore to investigate between

rater reliability in scoring the mBESS.

Background

Old age is defined as anyone over 65 years of age.’> With ageing comes psychological and
physical deterioration, both of which can contribute to falling. ! Falls are the second leading
cause of accidental injury or death worldwide, with 193,974 falls claims from older New

Zealanders in 2017 *>with an estimated cost of over $267 million. ?

Falls are often attributed to intrinsic and/or extrinsic factors. Intrinsic factors include any
psychological, physical or physiological impairments, whereas extrinsic factors are
environmental issues such as, poor lighting, uneven flooring, polypharmacy and poor
footwear. ®1° The strongest predictor of whether someone is likely to be at risk of falling is

their history of falls. 71

Falling can have serious consequences including fractures or tissue damage, functional
limitations, decreased independence, and in the worst case, death. '%!! Not only can this be a

burden on the individual, but it also comes with a significant cost to society. >

Many exercise classes evaluate participants’ balance ability and risk of falling with functional
tests. Common tests used nationally and globally include the Timed Up & Go (TUQG), the
Four Staged Balance Test (FSBT), 30 Second Chair Stand (30 CST) and the Balance Error
Scoring System (BESS).!%13 These tests have all demonstrated good reliability, including

14—

intra- and inter-rater reliability. 4! Although TUG has commonly been used, there are

concerns that it offers an inadequate prediction of an individual’s risk of falling. '3-2!

Although all of these tests measure an aspect of balance, whether it is mobility, strength,

muscular endurance or flexibility, they are all conducted in well controlled settings. All tests
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are performed without distractions and therefore arguably do not represent real-world balance
demands. ?? This therefore raises the question as to whether these tests offer the external
validity for assessing an individual’s fall risk. Falls commonly result from multitasking or
becoming distracted, and this ideally should be translated into testing to create a more

externally valid test. %10

Divested attention training, also known as dual-task training, requires focusing on multiple
tasks at one time. 23 This form of training is used to create interference between two tasks
being performed simultaneously 24, forcing the participant’s attentional demand to be spread

between tasks and therefore potentially altering performance of each task.?

Divested attention training been used successfully with participants rehabilitating, recovering
from lower limb amputation, or having lost functional movement with ageing. *2” Research
on older adults showed the benefits of divested attention training for gait and posture. 2% As
falls often occur due to distractions and multitasking 24, divested attention training could be

ideal for older adults, challenging performances of either or both of the tasks. 2-3°

Inter-rater reliability is an important aspect to explore during test development as good inter-
rater reliability means that different testers reliably score tests performed at different times
and/or different sites.’! The inter-rater reliability of the BESS was shown to be excellent with

an interclass correlation coefficient (ICC) of 0.81. 2!

Significance of the study

Falls are the second leading cause of injury or death worldwide and prevention strategies are
important and require evaluation.!® This research project combined a respected balance test
with cognitive distractions and examined the inter-rater reliability of this test. Currently there
is no known research that has explored divested attention training and older adults’ balance
ability. Due to its success with other populations 24?7, this research avenue could help
suggest new strategies for older adults’ falls prevention, help to reduce incidence and impact

of falls.
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Methods

Ethical approval for this study was obtained from the Otago Polytechnic Research Ethics
Committee (21st February 2020). The study involved two groups; four volunteers who
completed balance testing (participants), and four individuals who were invited to

independently score the balance tests (raters).

Participants were familiarised with the testing procedures and attended three subsequent
testing sessions where they perform three trials of each stance (parallel, tandem and one-
legged). While performing the BESS test they simultaneously performed the COWA test,

which involves listing as many words as possible beginning with the assigned letter.

f32

Figure 10. Parallel, tandem and one-legged stance used in mBESS tes

A B C

The raters were purposively selected to provide a range of experiences and knowledge.
(backgrounds in personal training, physiotherapy, occupational therapy, no health or fitness
background). Video recordings of all (4 participants, 3 sessions x 3 stances x 3 trials) testing
sessions were provided to the raters who were asked to score the mBESS trials using the

BESS scoring protocol.??
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They were provided with a template scoring sheet that they were asked to complete for each
test. Raters were asked to read through the instruction sheet and the BESS manual to

understand what they were scoring. Each edited video recording contained 27 trials to score
(3 trials in each of 3 sessions for 3 stances), a digital timer was visible on each video to help

the raters with the 20 second test duration. The raters were instructed to score an error if:

e Their hands lifted from their hips

e They opened their eyes

e They stepped, stumbled or fell

e They abducted their support hip by more than 30 degrees
e They lifted their forefoot or heel

e They remained out of test position for five or more seconds

Only one error was to be scored if two or more of the listed errors happened simultaneously
and until the individual regained control. Raters were also told to ignore the BESS scoring

cap of ten errors. Each participant then individually scored all tests and recorded their scores
on the template provided. To evaluate inter-rater reliability Pearson’s correlation coefficient

(PCC) were calculated.

Results

The research objective was to determine the inter-rater reliability of the mBESS. Four raters
independently rated video recordings of mBESS balance testing. Participants made more
errors (tables 1 & 2) as the difficulty of the balance position increased. The variability of the
scoring increased along with the difficulty of the stances (Table 2). The greatest scoring
variability was noted for participant 3 during the one-legged stance, with scores varying

among raters by 14.47%.
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Table 1. Mean and range (of 3 trials) of errors scored

Participant one Participant two Participant three Participant four

Parallel Tandem One-legged | Parallel Tandem One-legged | Parallel Tandem One-legged | Parallel Tandem One-legged
Rater 1 0.2 2 5.7 0 04 6.8 0 0 9.7 0 0.6 6.8

©O-1) (-5 (5-7 ) (0-2) (5-8) ) ) (5-13) ) (1-2) (4-12)
Rater 2 0 19 58 0 0.2 7.1 0 0 94 0 0 7

) 0-5) (5-7 ) (0-2) (5-10) ) ) (5-13) ) ) (4-11)
Rater 3 0 2.1 59 0 0.1 7.1 0 0 8.4 0 0.1 74

) 0-7) (5-7 ) (0-1) (6-8) ) ) (5-12) ) (0-1) (6-10)
Rater 4 0 2.1 58 0 0.1 6.8 0 0 93 0 03 7

) (0-6) (5-7 ) (0-1) (6-7) ) ) (5-12) ) (0-1) (4-12)
All 0.1 20 58 0 0.2 6.9 0 0 92 0 0.3 7.1

©O-1) (07 (5-7 ) (0-2) (5-10) ) ) (5-13) ) (0-2) (4-12)

42




As parallel stance produced zero errors, with the exception of one rater scoring one

error for one trial, inter-rater reliability could not be evaluated statistically for this

stance. The inter-rater reliability for tandem (Table 3) and single legged (Table 4)

stances were strong, with reliability ranging from 0.77 — 0.9

7 33,34

Table 2. Inter-rater reliability of tandem stance

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.86264344 1
Rater 3 0.86771283 0.96659233 1
Rater 4 0.89895905 0.96164211 0.97449116 1

Table 3. Inter-rater reliability of one-legged stance

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.77092219 1
Rater 3 0.77823393 0.86120346 1
Rater 4 0.94481492 0.80771302 0.82238068 1

The mBESS test had excellent inter-rater reliability across all balance stances,

averaging an overall inter-rater reliability of 0.972 (Table 6).

Table 4. Overall inter-rater reliability across all balance stances

Rater 1 Rater 2 Rater 3 Rater 4
Rater 1 1
Rater 2 0.95889857 1
Rater 3 0.96183646 0.97708216 1
Rater 4 0.98575818 0.97129512 0.97958288 1
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The most challenging balance stance appeared to be the single legged stance. Radar

plots (figures 4 to 7) demonstrate how each rater scored each trial for this stance.

Participant 1
1

g Rater 1 e=ge==Rater 2 ——g-=Rater3 Rater 4

Figure 11. Errors scored one-legged stance, participant 1

Participant 2
1

= Rater 1 e=ge=Rater 2 ——g-=Rater 3 Rater 4

Figure 12. Errors scored one-legged stance, participant 2
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Participant 3

ege=Rater 1 e=g==Rater2 e=g-=Rater3 ——g-Raterd

Figure 13. Errors scored one-legged stance, participant 3

Participant 4

9 10 2

—mge=Rater 1 e=ge=Rater2 e=g-=Rater3 -—g--Raterd

Figure 14. Errors scored one-legged stance, participant 4
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Discussion

This study explored a novel combination of a balance test (BESS) with a distracting
cognitive task (COWA), with the expectation that the increased attentional demand
would offer a more ecologically valid assessment of balance. The objective of this

study was to examine inter-rater reliability when scoring the new test (mBESS).

The mBESS had excellent inter-rater reliability. All stances had inter-rater

33.34 is considered

reliability results greater than 0.75, which according to Cicchetti
excellent. Although the BESS test protocol offers seemingly objective guidelines
for scoring tests, it was expected that as the number of errors increased that inter-
rater reliability would decrease due to more margin for variance in subjective
ratings. Inter-rater reliability was also expected to decrease during the one-legged
stance due to the differing balance strategies adopted by participants and more
opportunities for multiple simultaneous errors. Both of these factors made it more

challenging for the raters to score tests due the subjectivity of deciding when a

participant had regained balance control.

According to Cicchetti 33-* both the tandem and one-legged stance for the BESS
test are considered to have excellent inter-rater reliability. For the novel version of
the BESS employed in the present study, a similar inter-rater reliability was evident.
Due to the one-legged stance having an overall higher average of scores, with
scores ranging from 4-12 it was expected there would be more variance compared
to tandem stance due to the greater number of errors occurring. However, the high
inter-rater reliability from this study demonstrates that the mBESS test can be

reliably scored by any trained individual.

Previous research has shown varying results regarding BESS and inter-rater
reliability.!” Kleffelgard!” found that the BESS had excellent inter-rater reliability,
with an ICC of 0.86.333* Another study by Finnoff et al.’* found the BESS to have
an ICC reliability of 0.57, which is considered reliable.?*3* The current research

supports this observation.

Explaining the methods and testing to participants was uncomplicated and
participants appeared to understand the mBESS test requirements and procedures

with few questions. All sessions were conducted seamlessly, and both the
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researcher and participants found the testing easy and straightforward to perform.
Informal feedback from participants was that the test was novel and simple to
follow. They suggested that the test was more difficult to perform than anticipated
due to the cognitive distraction of the COWA test.

The idea of divested attention training is worth exploring with older adults. Their
sensory, motor and cognitive processes deteriorate making everyday movements
more difficult. More attentional demand is required for simple movements such as
walking and changing postures, therefore multitasking becomes more
challenging.?*?? Undertaking multiple tasks simultaneously will create a ‘split’ in
attention leaving some tasks with less focus than others.>®37 It is therefore
understandable that the increase in attentional demand of a task could lead to losing
balance and falling due to that shift in focus. Divested attention training could
therefore arguably benefit older adults to help train and prepare their sensory, motor

and cognitive processes for these situations, helping reduce their falls risk.?*27

Limitations

A number of limitations of this study are worth noting, The strategies adopted
during the mBESS could have affected scoring. For example, during the one-legged
stance one individual might place their foot on the ground and take their time to
regain balance before lifting their foot again, whereas another might touch the floor
and raise their foot multiple times in attempting to regain balance. Although both
techniques could take the same amount of time and have the same balance outcome,
they could be scored differently. For the purposes of this study an error was counted
as a continuous error until the participant regained control of their balance.
Although this helped solve the issue of varying techniques, it raised another issue of
the rater’s perceptions of when control was regained. As the inter-rater reliability

was high it seemed that all raters had similar interpretations of error scoring.

Individual urgency to regain balance also differed noticeably. For older adults, the
speed that they are able to move can vary. During testing, individuals perceived as
fitter appeared to regain control promptly and therefore had more time in the
balance position, whereas slower responders tended to have less time in balance.
The conundrum is that more time in balance increases the opportunity to lose

balance and be scored an error.
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Implications

Current balance tests could be critiqued for having poor external validity due to
being overly controlled. There is an identified need for more functionally relevant
tests of balance. Movements use more attentional demand as individuals age and
training and testing should reflect these requirements. Instead of training that
permits the participant’s sole focus to be on their balance, there is arguably value in
adding a multitasking element ?22* to balance training and testing. A test such as the
mBESS test could be ideal for testing the falls risk of older adults, due to the dual-
task element. The next logical step would be a pilot study of the mBESS before

using it in clinical practice.

Conclusions

Reducing the incidence and harm of falls would benefit society. This research
found that the mBESS test has strong inter-rater reliability, with an average inter-
rater reliability of 0.972 across all stances. Due to the low errors and low variability
observed for this small cohort, it was hard to judge whether the mBESS was
reliable for measuring an individual’s balance ability. Ideally further research will
explore its reliability and applicability in the real world. Further research needs to
be conducted as the idea of divested attention training and assessments could be an

important step in preventing falls among older adults.
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Appendix 3: Scorer instructions

Scorer Instructions

You will be scoring tests derived from the Balance Error Scoring System.

Each test you will watch is 20 seconds long. During this time it is your job to identify
as many errors that occur as possible. This score can be anything from 0+.

The three stances performed by the participants are:

- Parallel stance (feet side by side, heels touching)
- Tandem stance (heel toe, with dominant leg behind)
- One-legged stance (standing on one leg)

An error is scored when a participant:

- Lifts their hands off their hips

- Opens their eyes

- Steps, stumbles or falls

- Hip abduction of 30 degrees or more

- Lifting their forefoot or heel

- Remaining out of position for 5+ seconds.

Two errors at the same time counts for only one error on the score card.

I recommend quickly working out what 30 degrees would look like before starting
scoring. As we are trying to emulate what this would be like for someone in real-time
please try and only watch each test once and score.

The timer is on the screen to show you when to start and stop counting errors.

You may find:

- Position one will have many zero scores due to no errors.

- Some participants will lift their hands to touch their face — please DO NOT
count this as an error, please only count their hands lifting if it’s to help with
balance.

What to expect:

Each participant did 3 testing sessions, each session they performed 3 trials in parallel
stance, 3 trials in tandem stance and 3 trials in one-legged stance. In the recording of
the participants each test and trial will be shown in order of filming. An Excel
spreadsheet is attached for you to fill in the scores. Each participant has a scorecard
which you can fill in.
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Appendix 4: Ethical approval

27 lanuary 2020

Lily Purdon

/- Institute of Sport, Exercise and Health
Otago Polytechnic

Private Bag 1910

Dunedin 9054

Dear Lily

Ethics approval for project

Reference Number: 837

Application Title: Is the Balance Error Scoring System test in combination with a distractive task a reliable
measure of balance ability ?

Thank you for your application for ethics approval for this research project. This letter is to advise that the
Otago Polytechnic Research Ethics Committee review panel has approved your application, following
amendments made in response to feedback; and also conditional on the following further corrections being
made:

Recruitment Poster

1. Change email address — it is still incorrect

2. Correct typos/wording: “Participant involves” to Participation inwvolves. “Help better the balance of
elderly”. Change to Help better understand the balance of elderly or better assist elderly with balance.

3. Change “someone whose been affected by lose of balance or falling” to someone who has been affected
by loss of balance or falling.
4. Correct address. Logan Park Drive is in North Dunedin.

Participant Information Sheet - Change the line at bottom to: “This project has been approved by the Otago
Polytechnic Research Ethics Committee™.

We wish you well with your work and remind you that at the conclusion of your research to send a brief
report with findings and/or condusions to the Ethics Committee. All correspondence regarding this

application should include the project title and reference number assigned to it

This protocol covers the following researchers: Lily Purdon, Phil Handcock and Richard Humphrey.

Regards

Dr. Emilie Crossley
Otago Polytechnic Research Ethics Committee

Otago Polytechnic Forth Street Freephome 0300 782 786 Email: infoop.acnz
Private Bag 1910 Phone +84 3 477 3014 WWWLOP. 30 NE
Dunedin 8054

53



	SEH Purdon 2021 Thesis (wo personal information)
	837 Approval letter no signature



