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ABSTRACT 

Background 

Regular physical activity for older people is essential for optimal physical and mental health; 

specifically, a reduction of falls risk and injuries from falls, prevention or mitigation of functional 

limitations, and also as an effective therapy for many chronic diseases and decreases mortality risk. 

Accurate measurement of physical activity of this population is important for both surveillance 

purposes and evaluation of intervention effectiveness. This thesis addresses both measurement and 

intervention topics in older people living in long-term residential aged-care.  

The physical activity levels and activity patterns of community-dwelling older people has been 

characterised using self-report and objectively using body-worn motion sensor devices.  This 

information has been used to determine the relationships between physical activity and health status 

indices. However, quantifying and describing the habitual active and sedentary behaviours of aged-

care residents has received much less attention. On this basis, the first aim of this thesis was to 

characterise the habitual activity and sedentary behaviour patterns of older people living in long-term 

residential aged-care.  

Secondly, there is evidence that physical activity programmes can maintain or improve the physical 

function of aged-care residents. This contributes to maintenance of a level of independence.  

However, aged-care residents have physical and cognitive impairments, which makes devising 

suitable activity programmes for residents challenging. Active video games (AVGs) might address 

this need. These are games that require the person to move to play the game. Their benefit is they are 

engaging and fun to play. Whether they are suitable for aged care residents has not been explored. On 

that basis, the second aim of this thesis was to evaluate the use of an AVG programme for the purpose 

of improving mobility and physical activity levels in aged-care residents.  

Thesis structure: The aims of the thesis were addressed using four studies. Studies one and two 

addressed the first aim of the thesis: (i) to characterise the habitual activity and sedentary behaviour 
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patterns of older people living in long-term residential aged-care. The third and fourth studies 

addressed the second aim of the thesis (ii) to evaluate the use of an AVG programme for the purpose 

of improving mobility and free living activity in aged-care residents.  

Study One: Validation of a body-worn accelerometer  

Study aims: To determine the validity of a triaxial body-worn accelerometer for detection of gait and 

postures in people aged over 80 years. 

Methods: Community dwelling and aged care residents (n= 22, mean age 88.1± 5 y) performed a 

range of activities (sitting, lying, walking and standing) in both a fixed and free sequence while 

wearing the accelerometer. Analysed accelerometer data were compared against video observation as 

the reference measure.  

Results: The median absolute percentage errors between video observation and accelerometry were 

<1 % for locomotion and lying. The absolute percentage errors were higher for sitting (median, IQR, -

22.3%, -62.8 to 10.7%) and standing (median, IQR, 24.7%, -7.3 to 39.6%).  A second by second 

analysis found an overall agreement of ≥85% for all activities except standing (median, IQR 56.1%, 

34.8 to 81.2%). 

Conclusion: This accelerometer provided a valid measure of lying and locomotion in people aged 

over 80 yrs. There was an error of approximately 25% when discriminating sitting from standing 

postures, which needs to be taken into account when monitoring longer term habitual activity in this 

age group.  

Study 2: Habitual activity patterns of older people living in residential aged-care   

Study aims: To describe the habitual activity levels and activity patterns of older people living in 

residential aged-care using body-worn accelerometry 

Methods: Accelerometer data collected at three time periods over eight weeks from aged-care 

residents (n=30, mean age 84.90 ± 6.16 yr) were used to calculate the duration of time spent upright 
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and sedentary. Cognitive status (Abbreviated Mental Test Status), mobility (Timed Up and Go) and 

balance (the de Morton Mobility Index) were also assessed. 

Results: Participants spent most of their waking day sitting or lying down (8 hr 31 min ± 40 min per 

10 hr measured). Over 50% of all upright (standing and walking) bouts were less than 10 minutes in 

duration.  Increasing age was inversely related to upright time (β = -0.44, p<0.05). No correlation was 

found between upright time and cognition and mobility measures. 

Conclusions: Residents’ activity levels were low; and residents spent long periods of time sedentary. 

The lack of association between habitual activity levels and measures of cognition and physical 

performance, suggested that aged-care resident’s habitual activity levels were influenced by factors 

other than physical capacity or cognitive function. 

Study 3: Activity and energy expenditure in older people playing active video games 

Study aims: To quantify energy expenditure in older adults playing Xbox 360 Kinect and Nintendo 

Wii video games, while standing and seated.  The secondary aim was to determine whether 

participants’ balance status influenced the energy cost associated with active video game play.  

Methods: Community-dwelling adults (n=19, mean age 70.7 ± 6.4 yrs. played nine active video 

games, each for five minutes, in random order. Two games (boxing and bowling) were played in both 

seated and standing positions. Energy expenditure was assessed using indirect calorimetry while at 

rest and during game play. Balance was assessed using the Mini-BESTest, the Activities-specific 

Balance Confidence Scale, and the Timed Up and Go. Movement was quantified using two dual-axial 

accelerometers worn on the participants’ right hip and dominant wrist. 

Results: Energy expenditure during the games ranged from 1.46 ± 0.41 METs to 2.97 ± 1.16 METs. 

There was no significant difference in energy expenditure, activity counts, or perceived exertion 

between equivalent games played while standing and seated. No significant correlations were 

observed between energy expenditure or activity counts and balance status. 
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Conclusions: AVGs provided light intensity exercise, whether played while seated or standing. 

People who are unable to stand may derive equivalent benefits from active video games played while 

seated.  

Study 4: Keeping active using active video games: a cluster randomised controlled trial in 

residential aged-care facilities  

Aims: To investigate the use of active video games (AVGs) for aged-care residents for the purpose of 

improving mobility. 

Methods: Aged care residents from nine aged-care residential facilities in Auckland, New Zealand 

was conducted. Four residential aged-care facilities (n=29, mean age 84.7±7.4 yrs.) were randomised 

to AVGs held twice weekly for eight weeks. The remaining five facilities (n=36, mean age 85.8±7.2 

yrs.) were randomised to usual activities (control). The AVGs were a supervised group exercise 

programme offered twice weekly for approximately 30 minutes per session. Exercises were done in 

standing whenever possible, with a walking frame or chair to hold onto if needed. The supervising 

physiotherapist modified the activities as required to suit the residents 

Outcome Measures: Mobility measures conducted at baseline (pre-intervention), and eight weeks 

post-randomisation were the Timed Up and Go (TUG) and the de Morton Mobility Index (DEMMI). 

Percentage of time spent upright (standing or walking), measured using a body-worn accelerometer 

was assessed as a secondary outcome measure.  Cognition was assessed at baseline using the 

Abbreviated Mental Test Score. Adherence to the AVG programme, adverse events and retention to 

the study were also documented.  

Results: Participants attended a mean of 9.3±4.9 of 16 (58%) of the AVG sessions offered. No 

statistically significant differences in mobility measures (DEMMI or TUG) or upright time were 

found between intervention and control groups at eight weeks. A sensitivity analysis revealed an 

improvement in DEMMI scores (p=0.03) and a trend towards improvement in TUG scores (p=0.05) 

in AVG participants without cognitive impairment, when compared to those with cognitive 

impairment. No adverse events were reported.  
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Conclusions: An eight week supervised AVG programme did not improve mobility measures in 

aged-care residents. Nevertheless, the comparatively good attendance rate and lack of adverse events 

showed the programme to be safe and acceptable for residents. A programme of longer than eight 

weeks may be needed to demonstrate significant improvements in residents’ mobility. 

Discussion 

Older people living in aged-care spend very brief periods of time upright (less than 10 minutes) and 

long periods of time sedentary. Increasing age is associated with a decline in habitual activity. 

However, the lack of association found between habitual activity levels, cognition and physical 

capacity measures (TUG and DEMMI) suggests that aged-care resident’s activity levels are 

influenced by factors other than cognition and physical capacity. These may include environmental, 

organisational, or resident-related i.e. health or attitudinal barriers to activity. This suggests that a 

variety of approaches maybe needed to accommodate these factors when devising physical activity 

programmes for residents.  

While no statistically significant improvements in mobility measures were found in favour of AVGs 

in the trial, there was a trend towards improved mobility scores in AVG participants without cognitive 

impairment. The comparatively good attendance rate of participants at AVG sessions suggest AVGs 

for the purpose of increasing activity hold promise as an approach to encourage activity.  However, 

they require modification to make them more suited to aged-care residents. Specifically, games need 

to be slowed down; and activities simplified to accommodate older people with cognitive and 

physical impairments. There is the opportunity for suitability qualified health professionals, in 

conjunction with game designers to develop appropriate AVGs that could be supervised by residential 

care staff, with little additional training. Any future research needs to consider the sustainability of 

any improvements gained from using AVGs, the effect of the AVG on quality of life and care staff 

satisfaction; and whether individual differences (e.g. age, gender, frailty, cognitive and mood status) 

affect outcomes.  
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THESIS OVERVIEW 

THESIS OBJECTIVES  

Measurement and intervention are two important components of physical activity promotion, as 

depicted in the figure below adapted from Sallis and Owen (1998). This thesis aimed to provide a 

comprehensive understanding of both, by characterising the physical activity patterns of older people 

living in residential aged-care, and by investigating a physical activity intervention for aged-care 

residents.  

The overall aims this thesis were: 

(i) To characterise the habitual activity and sedentary behaviour patterns of older people living 

in long-term residential aged-care and  

(ii) To evaluate the use of an active video game (AVG) programme for the purpose of improving 

mobility and physical activity levels in aged-care residents.  

A Research Framework as Applied to Physical Activity and Health   

 

THESIS STRUCTURE 

Chapters 1-3 address the first aim of this thesis. Chapters 4-6 address the second aim of the thesis. 

Chapter 7 presents the major findings of the four studies and the systematic review presented in 

previous chapters. Consideration is given to the limitations of this thesis, as well as areas for future 

research in respect of physical activity measurement and interventions to enhance physical activity in 

older people who live in residential aged-care.  
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Aim 1: Characterising the habitual activity and sedentary behaviour patterns of older people 

living in long-term residential aged-care 

The first section of this thesis (Chapters 1-3) describes the physical activity levels and patterns of 

aged-care residents by: (i) summarising what is already known about the physical activity behaviours 

of aged-care residents (ii) validating a body-worn accelerometer for use with aged-care residents 

(Taylor et al., 2014) before (iii) characterising the habitual activity and sedentary behaviour levels and 

patterns of aged-care residents using a body-worn accelerometer.  

The purpose of Chapter 1 is to provide an overview of the associations between physical activity and 

health in older people, and to provide a summary of the methods used in subsequent chapters to 

measure habitual activity and physical capacity. This chapter presents a narrative overview of the 

literature on the activity levels of community dwellers and aged-care residents, together with an 

overview of methods for measuring physical activity, and interventions aimed at improving functional 

performance and physical capacity outcomes in aged-care residents.  

There are very few studies that describe the activity and sedentary behaviours of aged-care residents. 

The purpose of the first study (Chapter 2) was to establish the accuracy of a body-worn accelerometer 

for measuring physical activity in those aged in their 80s, before measuring the activity of aged-care 

residents in the second study (Chapter 3).   

The second study (Chapter 3) used this accelerometer device to describe the activity levels and 

habitual activity patterns of 30 aged-care residents aged 85 yr recruited from six aged-care facilities.  

This study also aimed to extend previous work by exploring the association between time spent 

upright (i.e. walking and standing), cognition, age and physical capacity measures.   

Aim 2: Evaluating the use of an AVG programme for the purpose of improving mobility and 

physical activity levels in aged-care residents. 

Chapters 4- 6 examines the use of AVGs to increase mobility measures in aged-care residents.  Based 

on studies that had examined the use of AVGs in children, the rationale for considering AVGs was to 

tap into the fun factor of physical activity.  Exploratory studies have also shown the potential for 

AVGs as a rehabilitation tool for older people (Agmon, Perry, Phelan, Demiris, & Nguyen, 2011; 

Bainbridge, Bevans, Keeley, & Oriel, 2011; Bateni, 2012; Saposnik et al., 2010).  
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However, there was a lack of evidence to determine whether AVGs were of sufficient intensity to 

generate energy expenditure or were simply enhancing cognitive engagement without any 

demonstrable change in cardio respiratory or musculoskeletal activity. On this basis, the first study in 

this section (Chapter 4) sought to quantify the energy cost of  active video game play in older people 

(Taylor et al., 2012). Also of interest was whether the balance deficits often associated with 

increasing age might restrict game play. Therefore, the possibility of playing AVGs in a seated 

position for those with strength or balance limitations was also explored. 

A number of small randomised-controlled pilot trials of AVGs for older people published subsequent 

to the completion of the previous study necessitated an updated systematic review of AVGs. Chapter 

5 presents a systematic review and meta-analysis of 18 RCTs of AVGs in older people for the purpose 

of improving physical capacity (balance and mobility). The majority of these trials were with 

community-dwelling participants, and none included participants with cognitive impairment.  

This raised questions regarding the possible use of AVGs in residential aged-care facilities.  Firstly, 

whether AVGs were suitable for older people with significant cognitive impairments, balance or 

mobility limitations. Secondly, as aged-care facilities may not have the capacity to supervise 

individual exercise programs, whether AVGs could be used with groups rather than individuals 

needed consideration.  

The final study (Chapter 6) was a first-of-a-kind cluster randomised controlled trial to investigate the 

effectiveness of a group-based AVG programme for aged-care residents to improve mobility 

outcomes.  

Chapter 7 presents the major findings of the four studies and the systematic review. Consideration is 

given to the limitations of this thesis, as well as areas for future research in respect of physical activity 

measurement and interventions to enhance physical activity in older people who live in residential 

aged-care.  
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Chapter 1: PHYSICAL ACTIVITY IN OLDER PEOPLE: AN 

OVERVIEW 

The relationship between physical activity and health has long been recognised. Epidemiological 

studies have informed international guidelines on the appropriate levels of physical activity for 

community-dwelling older people (aged 65 and above) required to maintain health (World Health 

Organization, 2010). However, the physical activity of older people living in aged-care environments 

has received little empirical scrutiny. In Auckland, New Zealand, 28% of females and 12% or males 

aged 85 years or over live in residential aged-care (Boyd et al., 2009).  Therefore, characterising the 

physical activity levels of those in residential aged-care, and designing appropriate ways to encourage 

physical activity for these older people represents an important public health issue that warrants 

further investigation. 

Physical activity recommendations for older people state that regular physical activity is associated 

with significantly better late life physical function. Specifically, a reduction of falls risk and injuries 

from falls; prevention or mitigation of functional limitations; and is also an effective therapy for many 

chronic diseases and decreases mortality risk (Nelson et al., 2007; World Health Organization, 2010). 

Specific physical activity recommendations for older people are 150 minutes of aerobic activity, of 

moderate intensity ((≥ 3 metabolic equivalent tasks [METs]) per week (Nelson et al., 2007; World 

Health Organization, 2010). The recommendation for those with pre-existing activity limitations is to 

take a step wise approach, beginning exercise at a lower intensity, in bouts of 10 minutes or more 

(Nelson et al., 2007). 

These recommendations are informed by studies of community-dwelling older people; hence are not 

necessarily applicable to those living in residential aged-care. Residential aged-care dwellers are 

generally older and have more cognitive and/or physical impairments than those living in the 

community (Boyd et al., 2011; Ministry of Health, 2007).  Further, the term “older people’ is better 

divided into “young old” (65–74 yrs), “old” (74–84 yrs) and the “oldest old” (85+ yrs), with the oldest 

old being the fastest growing segment of the population (United Nations, 2010). As described below, 

there are differences in the physical activity behaviours of these different age categories, and 
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differences in the physical activity behaviours of older people in the community versus those in 

residential aged-care. Therefore, methods of measuring physical activity and interventions to promote 

physical activity may also differ between community dwellers and aged-care residents.  

This introductory chapter summarises current knowledge on the associations between physical 

activity and health (particularly functional status), factors that influence physical activity behaviours 

in older people, the methods used to measure physical activity and interventions to enhance physical 

activity in aged-care residents.  

1.1 PHYSICAL ACTIVITY IN COMMUNITY-DWELLING OLDER PEOPLE 

In order to allow comparison with aged-care residents, this section summarises current knowledge on 

the age-related physical activity behaviours and their association with health outcomes in community-

dwelling older people, based on findings from epidemiological studies listed in Table 1.1.  

1.1.1 The age-related decline in physical activity 

An age-related decline exists for total physical activity levels and intensity among community-

dwelling older people that accelerates beyond the age of 80 years (Buchman et al., 2014; Davis & 

Fox, 2007; Frisard et al., 2007; Johannsen et al., 2008; Viken et al., 2015; Yasunaga et al., 2008).  

Total time spent in activity for those in their mid-70s (n=161, 76 ± 4 yr) is 37% less than for those in 

their mid-20s (n=45) (Davis & Fox, 2007). Those in their 70s also perform significantly fewer 

minutes (approx. 20±16 min/day) of moderate-to-vigorous intensity physical activity (MVPA) per 

day when compared to those in their mid-20s (approx. 39±18 min/day) (Davis & Fox, 2007).   

This decline in total physical activity and intensity continues at a similar rate through the following 

decade, before accelerating as people reach their mid-80s (Buchman et al., 2014; Johannsen et al., 

2008; Yasunaga et al., 2008). A comparison of accelerometer-derived physical activity intensity 

between people aged 75–84 years and those aged 65–74 years (n=145, 71 ± 1 yr) shows that those 

aged 75–84 years perform 22% less activity at >3 MET and 40% less activity at 3< METs than those 

in the 65–74-year age bracket (Yasunaga et al., 2008). Total energy expenditure (EE), measured using 

doubly labelled water and accelerometer-derived physical activity levels in nonagenarians (n=98, 

aged 90+ yr) is also 30% lower when compared with older adults (n=58, 60–74 yr) (Johannsen et al., 
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2008), which is attributed to a reduction in both resting metabolic rate and physical activity level 

(Frisard et al., 2007).  

Lastly, repeated measures of accelerometer-derived physical activity over a six-year period (n=519, 

age range 56–99 yr), provides evidence that total daily physical activity levels decline almost twice as 

fast in individuals aged 91 years old at baseline in comparison to the activity of  individuals aged 71 

years (Buchman et al., 2014). The oldest old can therefore be expected to have the lowest levels of 

activity of any age group. Other important epidemiological perspectives regarding the influence of 

gender and the types of activity that older people do are now discussed.  

1.1.2 Gender-specific differences in physical activity 

Evidence for a difference in the intensity and total daily physical activity levels between males and 

females is inconsistent.  Some studies report lower  intensity and total daily physical activity levels 

for females than males in their 70s (Davis & Fox, 2007; Stessman, Hammerman-Rozenberg, Cohen, 

Ein-Mor, & Jacobs, 2009; Yasunaga et al., 2008) and in their 80s (Mace et al., 2015). These studies 

have used either accelerometer-derived (Davis & Fox, 2007; Yasunaga et al., 2008) or self-report 

measures (Mace et al., 2015; Stessman et al., 2009) of physical activity levels and intensity. 

Other accelerometry studies found no difference in activity levels between genders (Hansen, Kolle, 

Dyrstad, Holme, & Anderssen, 2012; Rapp et al., 2012) or in one instance, higher activity levels in 

females (Viken et al., 2015). Hansen et al. (2012) argue that self-report measures of physical activity 

underestimate females’ activity levels, because they spend more time doing household activities, 

which are not normally perceived as exercise and are therefore under reported. Hence gender 

differences in physical activity levels might in part be due to the measurement methodology (self-

report versus accelerometer-derived measures) rather than to true gender-related differences in 

physical activity levels (Hansen et al., 2012; Patel et al., 2006; Viken et al., 2015). While some 

studies have found no gender difference in accelerometer-derived total time spent walking (Hansen et 

al., 2012; Rapp et al., 2008), differences between genders in an activity intensity are evident (Davis & 

Fox, 2007; Hansen et al., 2012; Mace et al., 2015).  In German community-dwellers (n=1231, 76±7 

yr), men and women walked similar total distances. Men walked 105±41 min/day and women walked 
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103±39 min/day (Rapp et al., 2012). Similarly, Norwegian study results (n=3485, 17% aged 71±5 yr, 

83% aged 45±11 yr) found no gender difference in overall physical activity levels or in total step 

counts (Hansen et al., 2012). However, men spent less time being active but had higher intensity of 

activities than women, whereas women performed more total activity than men. Similarly, 

accelerometer data for women and men in their mid-70s (Davis & Fox, 2007) and mid-80s (Mace et 

al., 2015) showed greater fluctuations in daily patterns of activity in men, whereas women maintained 

an overall lower intensity of activity but maintained longer periods of steady activity.  

In summary, there may be differences between genders in activity intensity, even if not in overall 

activity volumes.  The reasons for these gender-specific and age-related differences in the types of 

activities that men and women perform are explained further below. 

1.1.3 The types of activity that community-dwelling older people do 

Most of the physical activity that community-dwelling older people do is related to household rather 

than leisure activities (Bennett, 1998; Lawlor, Taylor, Bedford, & Ebrahim, 2002; Mace et al., 2015). 

The types of household activities older men and women undertake reflects their stereotypical gender 

roles. Indoor housework contributes more to women’s overall activity levels (Aoyagi & Shephard, 

2010; Bennett, 1998; Lawlor et al., 2002; Y.-S. Lee, 2005), while men participate in more outdoor 

tasks, e.g. gardening, house and car maintenance (Bennett, 1998). However, with a decrease in 

physical capacity with increasing age, these stereotypical roles may become less apparent (Bennett, 

1998; Yasunaga et al., 2008).  

The importance of house work as a contributor to physical activity for women is illustrated in the 

British Women’s Heart and Health Study (n=2341, aged 60–79), which reported that over two thirds 

of participants achieved the recommended levels of activity when engagement in heavy housework 

activities were included. When these activities were excluded, only 21% were defined as regularly 

active (Lawlor et al., 2002).  

There is a decline in the intensity of participation in activities for both men and women (n=410, 65 to 

≥75 yr) over time (Bennett, 1998). For men, this is reflected in a reduction in the intensity of outdoor 

tasks and for women, a reduction in intensity of indoor housework. Likewise, the Nakonojo study 
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showed an age-related reduction in accelerometer-derived  activity  of >3 METs in men but <3 METs 

in women, which the authors thought reflected a change in the traditional gender roles of Japanese 

people with age i.e. older Japanese women spend long periods carrying out low intensity household 

tasks, but older men might progressively assume the burden of such low intensity tasks because of the 

infirmity or death of their spouses (Yasunaga et al., 2008).  

A degree of convergence of gender-related activities is also reported in the oldest old (n=664, 84±2 

yr) (Mace, 2014). Approximately 90% of both men and women reported engaging in light housework 

(e.g. dusting, washing dishes). About half of both men and women still completed heavier housework 

(i.e. vacuuming, scrubbing floors, washing windows, or carrying wood) or participated in some type 

of gardening activity although twice as many males (50%) than females (24%) did lawn care or yard 

work e.g. raking leaves, mowing or chopping wood (Mace, 2014). 

Interestingly, the Nottingham longitudinal study found no gender differences in shopping/walking 

activities, which may reflect shopping as a leisure activity for both genders (Bennett, 1998). With 

respect to leisure activities, walking is the most popular leisure physical activity for both genders (Y.-

S. Lee, 2005; Lim & Taylor, 2005; Mace, 2014). In the oldest old (n=664, 84±2 yr) just under half of 

women and just over half of men report walking during the week, generally in bouts of less than one 

hour (Mace, 2014).  In a younger cohort (n=276, 69±4 yr) from the mid-west United States, 70% also 

report walking as their main leisure physical activity, with no difference between genders in walking 

frequencies (4 days/week); although men walked for longer durations (45 min) than women (37 min) 

(Y.-S. Lee, 2005). As previously noted, accelerometer-derived walking duration was found to be the 

same in older German men and women (Rapp et al., 2012).   

In summary, older community-dwellers derive most of their physical activity from household tasks, 

rather than leisure activities (Bennett, 1998; Lawlor et al., 2002; Mace, 2014).  Most of the physical 

activity that older people do is equivalent to light intensity physical activity (< 3 METs). Given that 

the American College of Sports Medicine and the American Heart Association’s recommendation for 

healthy older people is participation in moderate intensity activity, in addition to the routine activities 

of daily living (Nelson et al., 2007), the question that arises is whether participation in activities of 
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daily living alone confers any health benefit. The following section examines the health benefits, 

specifically the relationship between physical activity and physical function in older age. 

1.1.4 The relationship between regular physical activity, survival rates and functional 

performance  

The associations between regular physical activity in older people and positive health outcomes are 

numerous and include increased longevity, minimisation of the cardiovascular, metabolic and 

musculoskeletal changes associated with aging, minimisation or treatment of chronic diseases, 

psychological health and well-being; and the prevention and treatment of disability (Chodzko-Zajko 

et al., 2009; Nelson et al., 2007; Singh, 2002; World Health Organization, 2010).   

Participation in moderate to vigorous physical activity (MVPA) in mid-life is associated with better 

late life physical function (Patel et al., 2006; Yates, Djoussé, Kurth, Buring, & Gaziano, 2008). Using 

self-recalled midlife activity levels (n=1155, aged 75±7 yr), those who reported regular (3–4 

hrs/week) engagement in MVPA in midlife (20–60 yr) were significantly more likely to perform 

better on the Short Performance Physical Battery and more likely to complete a 400 metre walk test 

than individuals who engaged in minimal or light physical activity in midlife  (Patel et al., 2006). 

Importantly, this association remained after adjustment for demographic factors, medical conditions, 

and physiologic impairments.  A prospective study of men over a 25 year period (n=2357, 70 yr at 

baseline) also described a positive association between self-reported regular participation (2–4 times 

per week) in MVPA and better late life functional performance (measured using the physical health 

subscale of the Short-Form 36 Health Survey) as well as improved survival rates (Yates et al., 2008).  

This supports the notion that continued regular vigorous exercise past the age of 70 yr confers better 

late life physical function. This is also supported the Jerusalem Longitudinal study, which found that 

not only continuing physical activity but also starting physical activity between the ages of 70–78 

years and 78–85 years was associated with increased survival rates (Stessman et al., 2009).  

However, others argue that regular participation in physical activity at any intensity i.e. participation 

in activities of daily living lowers mortality risk, rather than there being a requirement for 

participation in MVPA (Manini et al., 2006; Stessman et al., 2009). Both the Jerusalem and the 

Pittsburgh longitudinal study (n=302, 75±3 yr at baseline) found that participation in low intensity 
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physical activities in older age were associated with 20–30% increased survival rate (Manini et al., 

2006; Stessman et al., 2009).   

Disagreement on whether participation in low intensity activity alone, in the absence of participation 

in MVPA is sufficient to incur health benefits maybe due to the use of self-report versus objective 

measures of physical activity (Shephard & Aoyagi, 2014). Using accelerometer-derived measures of 

total activity and step counts, the Nakonojo study reported that the physical health, cardio metabolic 

and cardiovascular health benefits of physical activity were more closely associated with the daily 

duration of physical activity >3 METs than with the daily step count in men, whereas in women, the 

reverse was true. This is probably because most women perform little activity above the 3 METs 

intensity, but undertake longer periods of low intensity activity (Aoyagi & Shephard, 2010; Shephard 

& Aoyagi, 2014).  Conclusions from the Nakonojo study are that for those in their 70s, physical 

health benefits are associated with an average of 6000 steps/day or 10 minutes per day of MVPA 

(Aoyagi & Shephard, 2009).  Cardiovascular and cardio metabolic health benefits are associated with 

higher activity levels (8000–1000 steps per day or 20–30 minutes of MVPA) (Aoyagi & Shephard, 

2009).  

Other than low participation in physical activity and older age, reduced lower limb strength and range 

of motion and/or the presence of primitive reflexes and tremor are also predictors of physical decline 

(Ferrucci et al., 2000; Stenholm, Shardell, Bandinelli, Guralnik, & Ferrucci, 2015). In participants 

(n=1013, aged 65+ yr) who were free of mobility disability at baseline, (i.e. self-report of ability to 

walk 400 m or independently climb and descend 10 steps), the most important predictors of mobility 

loss after nine years were: older age amongst women (aged 81–95 vs 65–68 yr), reduced lower limb 

strength and range of motion; and/or the presence of primitive reflexes and tremor (Stenholm et al., 

2015). These markers are considered important because age-related conditions such as osteoarthritis, 

hip fracture and stroke reduce the lower limb strength and range of motion that is necessary for 

ambulation. The presence of primitive reflexes and/or tremor is associated with central nervous 

system disorders, such as Parkinson’s Disease, dementia and stroke, which also reduce mobility.  
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In summary, while participation in MVPA is beneficial to late life physical function and survival rates 

in community-dwellers, participation in low intensity activities (< 3 METs) such as activities of daily 

living when performed in sufficient volumes also incurs health benefits. Encouraging community-

dwelling older people to continue their regular physical activity, including activities of daily living is 

therefore beneficial to their physical health.  

Independent of time spent in physical activity, sedentary time has been shown to be detrimentally 

associated with markers of metabolic risk in children and adults (Tremblay, Colley, Saunders, Healy, 

& Owen, 2010). The argument is that prolonged periods of sedentary behaviour e.g. sitting, watching 

TV or driving, regardless of participation in MVPA is deleterious to health. However, breaks in 

sedentary time of less than 5 minutes, for example by standing or walking about, is beneficially 

associated with biomarkers of cardio metabolic health (n=168, 53 ± 12 yr), independent of total 

sedentary time (Harvey, Chastin, & Skelton, 2013; Healy, Winkler, Owen, Anuradha, & Dunstan, 

2015).  

The following section discusses what is known about sedentary behaviour and its relationship to 

health in older people. 

1.1.5 Sedentary behaviour 

Sedentary behaviour is defined as those activities that do not increase energy expenditure above 

resting levels, and therefore include activities such as sitting, watching TV, computer work, or 

reading a book. More specifically, activities associated with energy expenditure of 1.0–1.5 METs are 

referred to as sedentary behaviours (where 1 MET is equivalent to the energy expenditure associated 

with rest) (Sedentary Behaviour Research, 2012).   

Sedentary behaviour is highest amongst older adolescents (16–19 yr) and older people (60+ yr) (C. E. 

Matthews et al., 2008). Over 60% of older people describe being sedentary (i.e. watching television or 

sitting in front of computers) for more than four hours of their waking day (Harvey et al., 2013). 

However, self-report may underestimate sedentary time. When measured using accelerometry, older 

people (n=646, 70±7 yr), spend 8.5 hrs of the waking day sedentary (Stamatakis, Davis, Stathi, & 

Hamer, 2012).   
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Sedentary behaviour also increases with advancing age. The oldest old (n=48, 85±1.62 yr) report 

spending 10 hrs (41%) of their 24-hour day sitting and 4.5 hrs (19%) active. Their most common 

sedentary behaviours are reading, watching television, doing crafts or puzzles, socialising, working, 

or just sitting quietly. Men spend a substantial amount of time (over three hours per day on average) 

watching television, while women watch for about two and a half hours (Mace, 2014). Older women 

(70–92 yr) in a qualitative study on the determinants of sedentary behaviour, expressed the view that 

their sedentary behaviour was mostly determined by pain, lack of energy, ageist stereotyping (i.e. 

being expected to sit) as well as a lack of suitable environmental facilities (Chastin, Fitzpatrick, 

Andrews, & DiCroce, 2014).  

The associations between sedentary behaviour and health outcomes have focussed on risk factors for 

cardio metabolic disease and mortality in adults and children (Owen, Healy, Matthews, & Dunstan, 

2010; Tremblay et al., 2010).  In older people, accelerometer-derived measures of sedentary 

behaviour (n=1906, 64± 11 yr, followed for three years) show those in the highest quartile of 

sedentary time (>70% of time) have over a five time greater risk of death when compared to those in 

the lowest quartile of sedentary time (<55% of time), independent of time spent in MVPA (Koster et 

al., 2012). This relationship remains after removal of participants with mobility limitation, diabetes, 

coronary heart disease and stroke; meaning the impact of sedentary time is not moderated through its 

association with other disease states.  

The impact of sedentary behaviour on physical function has not been explored to the same extent, 

although sedentary behaviour is associated with obesity and is thought to accelerate sarcopenia 

(Tremblay et al., 2010). In older people, this combination of obesity combined with low muscle 

strength could potentially reduce function and mobility (Kortebein et al., 2008; Stenholm et al., 2009). 

A comparison between the sedentary behaviours of lean and mildly obese sedentary young adults 

(n=20) showed that obese individuals were seated for approximately two hours more per day more 

than lean individuals (Levine et al., 2005).  A positive association has also been demonstrated 

between accelerometer-derived sedentary time and lower limb adiposity in older males (n=16, 79 ± 4 

yr) (Chastin, Ferriolli, Stephens, Fearon, & Greig, 2012). Not only the total time spent sedentary, but 

longer sedentary bouts were associated with higher total body and lower limb adiposity (n=30, 79 ± 4 
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yr). This suggests that that individuals who break up their sedentary time into shorted bouts have less 

body fat than those who engage in more prolonged periods of sedentary time. However, in males, the 

longer bouts of sedentary behaviour were also associated with greater lower limb muscle power 

(Chastin et al., 2012). One explanation is that these relatively active older males employed a 

combination of frequent, shorter bouts of vigorous walking interspersed with longer, continuous 

periods of sedentary behaviour as a compensatory mechanism. Hence muscle power was greater in 

those that undertook a higher intensity physical activity bouts, but adiposity was also greater because 

of the prolonged sedentary bouts.  

In summary, while older people rarely engage in MVPA, they do engage in high levels of sedentary 

behaviour (Harvey et al., 2013; Mace, 2014; C. E. Matthews et al., 2008) that increases with age. 

Given evidence that fragmenting sedentary time, and reducing sedentary behaviours by replacing 

sitting with low intensity activity i.e. standing is beneficial to cardio metabolic health (Healy et al., 

2008; Levine et al., 2005), there is good reason to consider using a similar strategy with older people. 

Since an increase in muscle strength relies on the intensity of activity, both fragmenting sedentary 

behaviour and encouraging physical activity at suitable intensities need to be considered when 

devising physical activity interventions aimed at improving older people’s physical function. 

1.1.6 Summary 

In community-dwelling older people, there is an age-related decline in physical activity intensity that 

accelerates beyond the age of 80 years (Buchman et al., 2014; Johannsen et al., 2008). This age- 

related decline is associated with reduced functional performance (Frisard et al., 2007). Additional 

predictors of mobility loss with increasing age are the presence of  musculoskeletal and central 

nervous system impairments (Stenholm et al., 2015). Importantly, regular participation in low 

intensity physical activities, such as usual household tasks (as against MVPA) is associated with 

better survival rates by approximately 20–30% (Manini et al., 2006; Stessman et al., 2009; Yates et 

al., 2008) and better late life physical function (Patel et al., 2006; Yates et al., 2008).  

Men perform approximately 30% more MVPA (>3 MET) than women (Davis & Fox, 2007; 

Yasunaga et al., 2008), although findings are mixed as to whether men’s total physical activity levels 
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are higher than that of women (Hansen et al., 2012; Rapp et al., 2012; Viken et al., 2015; Yasunaga et 

al., 2008).  What is clear is that older community-dwellers derive most of their physical activity from 

household tasks, rather than leisure activities (Bennett, 1998; Lawlor et al., 2002; Mace, 2014). 

Therefore, removing the need to undertake household activities potentially removes a key source of 

physical activity for the older person. This is further discussed in Section 1.3.2 in relation to aged-care 

residents. 
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Table 1.1: Physical Activity in Community-Dwelling Older People: Studies Cited in Section 1.1 

Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Buchman et al. 

(2014) 

 

Rush Memory 

and Aging 

Project 

Longitudinal 

prospective 

cohort study 

USA Healthy 

community 

dwellers 

519 81.6 ± 6.84 

Age range 56–99  

Total daily activity 

Accelerometer 

activity counts 

measured for 10 days 

at ≥2 annual visits 

Longitudinal changes in 

total daily activity 

correlation of the rate of 

change with age, sex or 

education 

Total daily activity declined almost 2 

x faster in an individual aged 91 years 

at study entry versus an individual 71 

yr old. 

More education was associated with 

slower rate of decline in total daily 

activity suggesting additional 

behavioural or biologic factors which 

may provide ‘‘resilience’’ or motor 

reserve to counter age-related decline 

in total PA. 

Davis et al. 

(2007) 

 

The Better 

Aging Project 

Cross sectional 

cohort  

UK Healthy 

community 

dwellers 

Older 

Females (OF) 

(n=91) 

Older males 

(OM) (n=70) 

Young 

females (YF) 

(n=23) 

Young males 

(YM) (n=22) 

76 ± 4  

 

 

 

 

27 ± 4  

Physical activity 

intensity 

Accelerometer 

activity counts 

Comparison of PA 

intensity between older 

and younger people 

PA and intensity was less in older 

people. Mean activity counts were 

37% lower for older adults. 

Older adults performed significantly 

fewer minutes of moderate to vigorous 

PA per day when compared to young 

adults [OF 16.7 ± 12.2 vs. YF 38.4 ± 

18.4 MVPA min day-1, t(114) = -

6.90, P < 0.001; OM 23.8 ± 20.0 vs. 

YM 40.4 ± 19.2 MVPA min day-1, 

t(91) = -3.47, P = 0.001]. 

Nearly half of older people did not 

perform any sustained 10-min MVPA 

bouts. 

Frisard et al. 

(2007)  

 

The Louisiana 

Healthy Aging 

Study 

Cross sectional 

cohort 

USA Healthy 

community 

dwellers 

54 70± 1 (n=32) 

93± 1 (n=22) 

Energy expenditure 

Doubly labelled water 

over 14 days 

Resting metabolic rate 

using indirect 

calorimetry 

Functional Performance 

Reduced Continuous 

Scale-Physical Function 

Performance 

Test 

Nonagenarians had lower total EE 

compared to participants aged 60–74 

yr which was attributed to a reduction 

in both resting metabolic rate and PA 

level. Nonagenarians also had reduced 

functional performance which was 

correlated with EE.  
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Hansen et al. 

2012 

Cross sectional 

cohort 

Norway Healthy 

community 

dwellers 

3485 44.4 ± 11.7 (N=2894) 

71.8± 5.4 (N=591) 

Physical activity 

intensity and step 

counts 

Accelerometer 

activity counts per 

minute (c.p.m) 

 Women and men did not differ in the 

overall activity levels (335 and 342 

c.p.m, respectively) or in steps per day 

(8113 and 7951 steps per day, 

respectively). However, for intensity-

specific PA, men accumulated 

significantly more minutes of 

sedentary activity and moderate-to-

vigorous PA (MVPA) compared with 

women (557 vs 533 min of sedentary 

activity, p<0.001 and 35 vs 33 min of 

MVPA, p=0.01). Both overall activity 

levels and steps per day remained 

steady with age, until 65 yr., after 

which activity levels declined. 

Johannsen et al. 

(2008) 

 

The Louisiana 

Healthy Aging 

Study 

Cross sectional 

cohort 

USA Healthy 

community 

dwellers 

209 20–34 (n=53) 60–74 

(n=58) 

≥90 (n=98) 

Energy expenditure 

and physical activity 

levels 

Total energy 

expenditure (TEE) 

using doubly labelled 

water over 14 days 

Resting metabolic rate 

using indirect 

calorimetry 

Accelerometer 

activity counts for 

physical activity level 

(PAL) 

Comparison of physical 

activity levels (PAL) and 

EE between age groups 

Nonagenarians had a lower PAL and 

were more sedentary than the aged 

and young groups (P < 0.01); 

however, nonagenarians who were 

more active on a daily basis walked 

further during a timed test (6 min walk 

test), indicating higher physical 

function. 

PAL was markedly lower in 

nonagenarians compared with young 

and aged adults. PAL was similar 

between young volunteers and those 

who were in their 60s and 70s 

Koster et al. 

(2012) 

 

National 

Health and 

Nutrition 

Examination 

Survey 

Longitudinal 

cohort 

USA Community 

dwellers 

1906 63.8 ±10.5 Sedentary behaviour  

Accelerometer 

activity counts < 100 

counts/min = 

sedentary time 

Minutes of MVPA 

was defined as counts 

per minute ≥2020 

counts/min 

All-cause mortality Participants in the highest quartile of 

time spent sedentary (> 73.5% of time 

in men and > 70.5% in women) had a 

5 times-greater risk of death compared 

to those in the lowest quartile. These 

associations were independent of 

MVPA. 
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Mace (2015) 

 

The LiLACS 

NZ study 

Longitudinal 

Cohort (cross 

sectional 

analysis) 

NZ Older people 664 Female 

83.7±2.0 (n=367) 

Male 

83.6±0.5  

(n=297) 

Physical activity  

Self-report 

questionnaire - The 

Physical Activity 

Scale for the Elderly 

(PASE) 

Self-report functional 

performance - The 

Nottingham Extended 

Activities of Daily Living 

(NEADL) 

 

Depression - Geriatric 

Depression Scale (GDS) 

Health related quality of 

life- The Short Form-12 

(SF12) 

Mean PASE scores of PA were higher 

for males then for females.  

PASE scores were higher for Māori 

than for non- Māori. For Māori 

women, the mean PASE score was 

101.41±73.34 and for Māori men, the 

mean PASE was 130.78±93.52 (t = 

2.67, p = 0.01). For non-Māori 

women, the mean PASE score was 

85.77 ± 54.57 and for non-Māori men, 

the mean PASE score was 116.62, 

±73.57 (t = 2.26. p <0.01). 

PA was strongly related to functional 

performance and physical health 

related quality of life in all older 

adults 

Increased PA was associated with 

higher functional performance and 

higher physical HQOL in all sample 

groups. 

Manini et al. 

(2006) 

 

Pittsburgh 

ABC Study 

Longitudinal 

Cohort 

USA Healthy 

community 

dwellers 

302 74.8 ± 2.9  

Followed for 6.15 yr 

Energy expenditure 

using doubly labelled 

water  

Energy expenditure in 

3 tertiles: low, <521 

kcal/d; middle, 521–

770 kcal/d; high, >770 

kcal/d) 

Self-report PA 

All-cause mortality EE was strongly associated with lower 

risk of mortality, after adjustment for 

self-rated health, education, prevalent 

health conditions, and smoking 

behaviour.  Individuals in the highest 

tertile of free-living activity EE were 

at a significantly lower mortality risk 

compared with the lowest tertile 

(hazard ratio, 0.31; 95% confidence 

interval, 0.14–0.69). 

Volitional exercise levels were the 

same across all tertiles, suggesting 

that expending energy through any 

activity i.e. non-exercise PA 

positively influences survival in older 

people. 
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Patel et al., 2006 

 

The 

InCHIANTI 

study 

Longitudinal 

cohort (cross 

sectional 

analyses) 

Italy Healthy 

community 

dwellers 

1,001 men 

and women  

74.8 ± 7.3 

Range 65–102  

Predictors of mobility 

loss 

Self-recall of past 

activity levels 

Physical capacity 

Short Physical 

Performance Battery 

(SPPB) and the ability to 

walk 400 m. 

Higher levels of PA (in mid-life) was 

associated with better lower-extremity 

function (SPPB) in both males and 

females. Failure to complete the 400 

m walk test was significantly less 

likely among physically active men 

(odds ratio [OR] =0.37, 95% 

confidence interval [CI] =0.15–0.93) 

and very active men (OR=0.23, 95% 

CI=0.09–0.63) when compared to men 

who were less active in the past (p = 

0.008). These associations remained 

after adjustment for demographic 

factors, medical conditions, and 

physiologic impairments. 

The ability to walk 400 metres was 

associated only with past PA in men 

and not in women. It is possible that 

there was greater misclassification of 

PA among women because 

participants may have not considered 

household activity as PA. 

Park et al. 

(2008) 

 

The Nakonojo 

Study 

Longitudinal 

cohort (cross 

sectional 

analyses) 

Japan Community 

dwellers 

 

129 females 

91 males 

65–74 (n=152) 

75–84 (n=68) 

Physical activity 

intensity and step 

counts 

Accelerometer 

activity counts and 

pedometer step counts 

over 1 year 

Metabolic syndrome 

criteria 

BMI; triglyceride & 

cholesterol 

concentrations; blood 

pressure; plasma glucose 

Cardiovascular and musculoskeletal 

health was better in those spending at 

least 20 min/day in moderate walking 

(> 3 MET) and a further >60 min of 

light activity per day. Better mental 

health was associated with lower 

intensity (<3 MET for 5 min/day) PA. 

Rapp et al. 

(2012) 

 

The ActiFE 

Ulm study 

Cross sectional 

cohort 

Germany Healthy 

Community 

dwellers 

1271 Male 65–90 (n=717) 

76± 6.5 yr 

Female 75± 6.6 

(n=514) 

Physical activity 

Accelerometer activity 

counts-average daily 

walking duration 

Physical Capacity 

Gait speed 

Chair 

Mean daily walking duration was 

104.8 min in men and 103.0 min in 

women. A positive relationship 

between gait speed and walking 

duration was observed in men and 

women with low gait speed (≤0.8 m/s) 

but not in participants above this 

threshold. Standing balance and grip 

strength were positively related, and 

5-chair chair rise inversely related 

with average daily walking duration.  

Physical performance measures and 

objectively measured walking 

duration are related but only a small 

percentage of the variance in daily 

walking duration was explained by 

physical performance measures.  
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Shah et al. 

(2012) 

 

Rush Memory 

and Aging 

Project 

Longitudinal 

prospective 

cohort study 

USA Healthy 

community 

dwellers 

584  82  

Followed for up to 5 

yr 

Physical activity 

intensity 

Accelerometer 

activity counts 

Self-reported PA 

defined as hrs/week 

doing: exercise, 

gardening or 

yard work, 

calisthenics or general 

exercise, bicycle 

riding, 

and swimming or 

water exercise 

Self-reported basic ADLs 

(disability) 

Modified Katz Index 

Greater total daily PA (activity 

counts) was associated with less report 

of disability at baseline and 

longitudinally, including in 80+ yr, 

and after adjustment for cognitive 

function, vascular risk and disease 

burden, joint pain, BMI and 

depressive symptoms.  

Total daily PA was associated with 

functional independence after 

controlling for self-reported physical 

activities. Expending energy through 

any activity i.e. non exercise PA, 

positively influences functional 

independence in older people. 

Stenholm et al. 

2015 

 

The 

InCHIANTI 

study 

Longitudinal 

cohort 

Italy Healthy 

community 

dwellers 

1,013 men 

and women  

≥65  

Followed for 9 yr 

Physiological markers 

(n=44) assessed at 

baseline to explore six 

subsystems: (i) central 

nervous system, (ii) 

peripheral nervous 

system, (iii) muscles, 

(iv) bone and joints, 

(v) energy production 

and delivery, and (vi) 

perceptual system 

Predictors of mobility loss 

Self-report of inability to 

walk 400 m or climb and 

descend 10 steps 

Key physiological markers predicting 

mobility loss were: 

older age among women (81–95 vs 

65–68 yr, hazard 

ratio [HR] 9.60 [95% CI 3.35, 27.50]), 

weaker ankle dorsiflexion strength 

(lowest vs highest quintile, 

HR 5.25 [95% CI 2.35, 11.72]), low 

hip flexion range of motion (lowest vs 

highest quintile, HR 2.30 [95% CI 

1.20, 4.41]), presence of primitive 

reflexes (yes vs no, HR 1.47 [95% CI 

1.03, 2.09]), and tremor (yes vs no, 

HR 1.91 [95% CI 1.18, 3.07]). 

Stessman et al. 

(2009) 

 

The Jerusalem 

Longitudinal 

Cohort Study 

Longitudinal 

cohort 

Israel Healthy 

community 

dwellers 

1861 70–85  

Followed for 18 yr 

Physical activity  

Self-report 

questionnaire: 

>4 hrs weekly = 

physically active 

versus < 4 hrs weekly 

= sedentary 

Mortality and functional 

performance 

Death 

Functional performance 

using a modified Katz 

ADL index 

Mortality rates were significantly 

lower among physically active people. 

Among physically active vs sedentary 

participants, respectively, at 70 yr the 

8-year mortality was 15.2% vs 27.2% 

(p<.001); at age 78 yr the 8-year 

mortality was 26.1% vs 40.8% 

(p<.001); and at age 85 yr, the 3-year 

mortality was 6.8% vs 24.4% 

(p<.001).  

A survival benefit was associated with 

initiating PA between ages 70 and 78 

yr and ages 78 and 85 yr. The PA 

level at age 78 yr was associated with 

remaining independent while 

performing ADLs at age 85 yr. 
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Viken et al. 

(2015) 

The Generation 

100 study 

Cross sectional 

cohort 

Norway Healthy 

community 

dwellers 

850 Males 72.4 ± 2.0   

Females 72.5±1.9  

Range 70–77 yr 

 

Physical activity 

Accelerometer 

activity counts over 

one week 

Cardiorespiratory Fitness 

Peak V02 

Gender 

Season 

Peak V02 had the strongest association 

to PA (with V02 as the independent 

variable). As a cross sectional study, 

this association maybe because of 

reverse causality.  

Females were significantly more 

active than males. The mean overall 

CPM was 507.6±158.0.  

Females had a significantly  

higher overall PA than males 

(524.3±151.0 and 492.4±162.3 

CPM, respectively) 

Older age was associated with 

significantly lower PA levels.  

Yasunaga et al. 

(2006) 

 

The Nakonojo 

Study 

Longitudinal 

cohort (cross 

sectional 

analyses) 

Japan Community 

dwellers 

173 65–85  Physical activity 

intensity and step 

counts 

Accelerometer 

activity counts  

and pedometer step 

counts over 1 year 

Health related QOL – 

SF36 HRQOL 

 

Yasunaga et al. 

(2008) 

 

The Nakonojo 

Study 

Longitudinal 

cohort (cross 

sectional 

analyses) 

Japan Community 

dwellers 

54 females 

91 males 

Females 

71.6 ± 0.6 Males 

71.2 ± 0.7  

Physical activity 

intensity and step 

counts 

Accelerometer 

activity counts  

and pedometer step 

counts over 1 year 

Gender, age and season Males do more PA than females. 

Males undertook 23.2 ± 2.3 min/day 

versus females who undertook 17.0 ± 

1.6 min/day of activity at >3 METS; 

and males undertook 60.2 ±2.9 

min/day at < 3 METS versus females 

who undertook 46.6 ± 2 min/day of 

activity at < 3 METs.  

Older age is negatively correlated with 

PA and step count. This is reflected in 

an age-related reduction in activity >3 

METs in men but <3 METs in women 

Irrespective of sex or age, all activity 

was less in the winter, peaking in 

spring or autumn.  
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Author 

Study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Yates et al. 

(2008) 

 

The Physicians 

Health Study 

Longitudinal 

cohort 

USA Healthy 

community 

dwellers- male 

physicians 

2357 70 yr 

Followed for 25 yr 

Physical activity  

Self-report 

questionnaire  

Survival rates to 90 yr 

and functional 

performance  

Subscales of the Medical 

Outcomes Study 36-Item 

Short-Form 36 Health 

Survey  

Regular vigorous exercise (≥ 3 METs) 

was associated with a nearly 20% to 

30% decreased mortality risk before 

age 90 years (P value for trend, .003) 

(HR, 0.72; 95% CI, 0.62–0.83). By 

comparison, diabetes, obesity, and 

hypertension were associated with 

increased risks of 86%, 44%, and 

28%, respectively. 

Moderate vigorous exercise was 

associated with significantly better 

physical function (up to 10.6 points 

higher score). 

Abbreviations: BMI, body mass index; CPM, counts per min; EE, energy expenditure; PA, physical activity; ADL, activities of daily living; QOL, quality of life; RAC, residential aged-care; 

USA, United States of America: UK, United Kingdom 
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1.2 ACTIVITY LEVELS OF OLDER PEOPLE LIVING IN RESIDENTIAL 

AGED-CARE ENVIRONMENTS 

Aged-care residents are those who live permanently in aged-care facilities. Residential aged-care 

facilities in New Zealand encompass Rest Home, Private Hospital and Dementia Units; and admission 

is regulated through a needs-based assessment (Ministry of Health, 2010). In New Zealand, 

residential aged-care is classified as ‘‘rest home” or low-dependency care, for those requiring 24-hour 

caregivers but not 24-hour nursing care; ‘‘private hospital” or high-dependency care, for those who 

require 24-hour nursing care; and ‘‘dementia” and “psychogeriatric care’’ for those with behavioural 

and psychiatric symptoms of dementia requiring a secure environment ("Health and Disability 

Services (Safety) Act 2001,").  New Zealand rest homes are similar to those facilities termed “assisted 

living facilities” in the United States, “residential facilities” in the United Kingdom and “hostels” in 

Australia. The aged-care participants in subsequent studies in this thesis fit into the category of “rest 

home” or low-dependency aged-care residents.  

In 2008 a census of older people living in all classes of residential aged-care in the greater Auckland 

region, New Zealand revealed that 5–6% of people aged 65 years or older and 28% of those aged 85 

years or older live in residential aged-care (Boyd et al., 2011; Broad, Ashton, Lumley, & Connolly, 

2013). With the advent of purpose built retirement villages and more home care assistance, the 

proportion of older people living in residential aged-care has declined slightly over the past 20 years. 

However, survey data over a 20-year period (1998–2008) from Auckland residential aged-care 

facilities indicates that people in residential aged-care have become increasingly older and more 

dependent (Boyd et al., 2011). 

Because admission to residential aged-care is regulated using specified criteria, residents present with 

a core characteristic of dependency (i.e. requiring assistance to some degree) because of physical 

and/or cognitive disability(s) and/or frailty. This is supported by New Zealand survey data that 

showed aged-care residents are more likely to be less physically active, spend more time sedentary 

(sitting) than community-dwelling older people, and generally score lower on self-rated health than 

their community-dwelling counterparts (Boyd et al., 2011; Ministry of Health, 2007). There is also a 

higher prevalence of stroke survivors amongst aged-care residents, although no apparent difference in 
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the prevalence of self-reported chronic conditions (i.e. heart disease, cancer, diabetes, chronic 

pulmonary disease, arthritis) between New Zealand aged-care residents and community-dwellers 

(Ministry of Health, 2007).  

1.2.1 The relationship between physical activity and function in aged-care residents 

By comparison with community-dwelling older people, there are no epidemiological data on the 

physical activity behaviours of aged-care residents. What information is available is drawn from 

observational studies with sample sizes of between 8-50 residents (Table 1.2.). Earlier studies used 

direct observation over one to two days (Ice, 2002; MacRae, Schnelle, Simmons, & Ouslander, 1996). 

Others have used accelerometry (Egerton & Brauer, 2009) or self-report measures to describe activity 

of aged-care residents (Koltyn, 2001; Król-Zielińska, Kusy, Zieliński, & Osiński, 2011). 

Direct observation studies describe aged-care residents (n=50, 88±7 yr) as inactive (either lying, 

sitting or reclining) for 83% of their day. Similarly, ambulatory and non-ambulatory aged-care 

residents (n=27, 87 yr) were shown to spend 70% of their day seated, standing upright for 2% of the 

day and reclined in bed for about a third of the day. Interestingly, the mobility status of residents 

differed between these two studies, although both studies reported similar levels of inactivity.  

Residents in the former study were assessed as independently ambulatory (MacRae et al., 1996). 

Whereas residents in the latter study were described as requiring extensive assistance with ADLs, 

with only one resident able to ambulate independently (Ice, 2002). 

Measured using accelerometry, aged-care residents (n=15, 80±10 yr) spend between 4–12% of their 

time (1–3 hours) upright over a 24 hour period (Egerton & Brauer, 2009). By comparison, community 

dwellers (n=16, 80±10 yr) in the same study spent 7 hours ±1 hour upright. 

When measured using the Yale Physical Activity Scale [YPAS], women in aged-care (n=15, 74±10 

yr) undertake less physical activity (6±7 hours/week) than women (n=45, 74±10 yr) living 

independently (32±8 hours/week) (Koltyn, 2001). They also expend less energy (also measured using 

the YPAS) ) than community dwellers (Koltyn, 2001; Król-Zielińska et al., 2011).  
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Conversely, fitness levels (measured using the Senior Fitness Test) for residential aged-care (n=15) 

and community-dwelling (n=24) women have been shown to be similar; whereas the fitness levels of 

residential aged-care men (n=8) were lower than community-dwelling men (n=55) (Król-Zielińska et 

al., 2011). Whether this reflects true gender-specific differences in the fitness levels of residential 

aged-care and community-dwelling older people, or whether this is an artefact of a small sample size 

or measurement method is not clear.   

Of note, the standard deviation values of energy expenditure measures for the aged-care residents in 

both these studies that used the YPAS exceeded the reported average energy expenditure values 

(Koltyn, 2001; Król-Zielińska et al., 2011). This variability may reflect the inaccuracy of the YPAS 

for measuring low levels of energy expenditure; or alternatively there may be greater variability in 

energy expended amongst aged-care residents than amongst community-dwellers (Kruskall, 

Campbell, & Evans, 2004).  

The activity patterns of aged-care and community-dwellers also differs (Egerton & Brauer, 2009; 

Koltyn, 2001; Król-Zielińska et al., 2011). The duration of upright bouts of activity in aged-care 

residents is reported as about half that (4 min) of community-dwellers (10 min) (Egerton & Brauer, 

2009). Notably, Egerton and Brauer (2009) reported that the mean number of activity periods per day 

was similar between aged-care and community-dwellers. However, in support of the findings of 

Koltyn (2001) and Król-Zielińska et al. (2011), the variability in the number of activity periods within 

the aged-care group was more than twice that of community-dwellers. Why this variability might 

exist is not clear.   
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Table 1.2: Physical Activity in Aged-Care Residents: Studies Cited in Section 1.2 

Author and 

study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Egerton & 

Brauer (2009) 

Observational Australia ACR 

CD 

15 

16 

80±10 

(65–98) 

Physical activity 

Accelerometer for 

time upright 

(standing and 

walking) and time 

non upright (sitting 

and lying down) 

using the activPAL 

for 72 hours (3 days, 

24 hours/day) 

 ACR spent significantly less time 

upright (2 hr 17 min ± 1 hr 40 min), 

than CD (7 hr 9 min ± 1 hr 38 min) 

The median time spent upright for 

ACR was 4 min (1st and 3rd 

percentiles: 2/8 min). The median time 

spent upright for CD was 8 min (3/17 

min). 

Between-group differences 

showed ACR demonstrated a 

significantly shorter median activity 

period duration (mean 4.2 min) 

compared with CD (mean 9.8 min, F(2 

30) = 5.30, P < .05, 

95% CI = 0.5 min-12.6 min, age P = 

.69) 

The mean number of activity periods/ 

day was not different between groups 

(home: 26.4 ± 6.2, aged-care: 24.2 ± 

15.9; but the variability within the 

aged-care group was more than twice 

that of the home group. 

Ice (2002) Observational USA Ambulatory and 

non-ambulatory 

ACR 

27 87 

65–100 

Activity 

Direct observation 

for 1 day (13 hrs) 

Activity categorised into 

(i) personal care i.e. 

washing, eating (ii) 

expressive/social e.g. 

conversations, games, 

PA associated with games 

(iii) passive e.g. sleeping 

(iv) movement, i.e.  

walking and moving in a 

wheelchair independently 

Movement: Residents sat for the most 

of the day (69%). They stood upright 

for 1.6% of the time and reclined in 

bed for about a third of the day. 

Location: Residents spent most of 

time in their rooms (43%), an average 

of 25.4% of time in the dining room, 

and an average of 25.6% of time in 

‘‘parking areas.’’ Residents spent only 

a small percentage of their time in 

activity areas (4.2%). 

Activity types: Sleeping was the most 

common passive activity (36.1% of 

observations).  Eating and grooming 

represented 16% of observations.  

Talking (6.6% of observations) was 

the main activity.  
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Author and 

study name 
Study design Country Participants Sample size 

Mean age or age 

range (years) 

Physical activity 

measure(s) 
Variables measured Summary findings 

Koltyn et al., 

(2001) 

Observational USA Female ACR and 

CD  

15 ACR 

45 CD 

74 ± 10 Energy expenditure 

Questionnaire -Yale 

Physical Activity 

Survey 

Quality of Life and ADLs 

WHOQOL-BREF and 

Katz Index of daily living  

Women living in RAC had 

significantly lower PA levels than CD. 

EE (kcal/wk ) for CD =7,327± 3,395; 

EE  for ACR =1,387±1,658;  

QOL was higher in CD women 

compared to women living in RAC. 

Regardless of living status there was a 

significant association between overall 

QOL and EE, as well as between 

overall QOL and vigorous activities. 

Król-Zielińska 

et al., (2011) 

Observational Poland (i) ACR (ii) Older 

people attending 

adult day care and 

(iii) CD 

23 ACR 

39 attending 

day care 

79 CD 

72.1± 6.4 Energy expenditure 

Questionnaire -Yale 

Physical Activity 

Survey  

Physical function 

Senior Fitness Test  

EE tended to be lower in day care 

centres and aged-care facilities, but 

significant differences were obtained 

only in women.  

Women EE (kcal/wk) CD=3649 

±2164, Day care =2224 ± 1283, ACR 

=1828 ±2152. Men CD=3896±2443, 

Day care =3667±2677, ACR 

=2522±3018. 

Physical function scores were similar 

for female CD and ACRs. 

Male ACR performed worse in 

strength, endurance and 

agility/balance tests than CD men.  

MacRae et al., 

(1996) 

Observational USA Ambulatory ACR 

from three 

facilities  

50 87.6 ±7.4 Physical activity 

One-minute time-

sampled 

observations every 

15 min for 8–12 hr 

on 2 weekdays 

Energy expenditure 

Using a Caltrac, 

motion-sensing 

device, for 8–12 hr 

on each of 2 days.  

Data expressed as 

kcals/hr 

Cognition 

MMSE 

Physical performance:  

Balance (Tinetti POMA) 

Safety Assessment for the 

Frail Elderly (SAFE), - 

which measures falls risk 

factors: transition, 

walking/foot control, 

walking/use of device, 

and judgement; higher 

scores (percentages) 

indicate greater safety. 

Residents sat for 83.5% of the times 

sampled 

Residents were observed standing and 

walking 16.0% of the time. 

Resident’s SAFE score 

was the best single predictor of 

samples in which the residents were 

observed standing and walking  

Abbreviations: ACR aged-care residents; CD, community-dwellers; EE, energy expenditure; MMSE, Mini Mental State examination; PA, physical activity; QOL, quality of life; RAC, 

residential aged-care; USA, United States of America; UK, United Kingdom; WHOQOL-BREF, World Health Organization Quality of Life –Bref.   
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1.2.2 Barriers and facilitators to physical activity for aged-care residents 

Despite the demonstrated benefits of physical activity programmes for aged-care residents, described 

further in Section 1.4 (Crocker et al., 2013; Weening-Dijksterhuis, de Greef, Scherder, Slaets, & van 

der Schans, 2011), there are currently no specific guidelines or requirement for the inclusion of 

physical activity in aged-care facilities in New Zealand  (District Health Board Shared Services, 

2015).  Similarly, reports from Germany (Kalinowski et al., 2012) and Canada (Benjamin, Edwards, 

& Caswell, 2009) note the scarcity of structured, regular evidence-based physical activity 

programmes in aged-care facilities, and the lack of policy on physical activity guidelines for aged-

care residents.  

As well as a lack of national policy on physical activity guidelines for aged-care residents, a 

systematic review of seven descriptive studies and 13 randomised controlled trials (RCTs) categorised 

the barriers to activity in aged-care as organisational, environmental and personal (resident-related) 

(Benjamin, Edwards, Ploeg, & Legault, 2014).  

Organisational and environmental barriers were identified in interviews of aged-care facility 

administrators from nine Canadian aged-care facilities (Benjamin et al., 2009; Benjamin et al., 2011), 

40 German aged-care facilities (Kalinowski et al., 2012) and 13 Taiwanese aged-care facilities (Wu, 

Wu, & Huang, 2013).  Organisational barriers to physical activity identified by administrators were 

inadequate organisational support for physical activity i.e. funding constraints that resulted in lack of 

adequately trained staff; and other competing institutional routines e.g. doctor’s appointments, or care 

routines (Benjamin et al., 2009; Benjamin et al., 2011). These routines maybe further be reinforced by 

residents who do not want to miss out on other activities, as described by comments from one 

Canadian facility care giver. 

Some residents – let’s say they have an appointment or something scheduled like a bath – 

[and this means] that they refuse to participate in anything [else] because they don’t want to 

miss that bath, even if it’s at three o’clock in the afternoon. And those little things are hard to 

work around (Benjamin et al., 2011, p. 253).  

Specific environmental constraints include a lack of a dedicated exercise space, or simply the lack of 

space, and lack of exercise equipment; as well as difficulty accessing activities, for example: physical 
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bottle necks i.e. multilevel facilities with insufficient elevators, or narrow corridors; poor corridor 

lighting; and/or lack of seating arrangements for residents to rest in the corridor areas (Benjamin et 

al., 2009; Benjamin et al., 2011; Kalinowski et al., 2012).  

Two examples illustrate the combined impact of organisational and environmental constraints that 

limit residents’ participation in household activities that would otherwise contribute an older person’s 

daily physical activity (Benjamin et al., 2011; Kalinowski et al., 2012). In 80% of German facilities, 

employees performed all domestic tasks such as setting the table, washing the dishes, folding and 

returning clean clothes, delivering newspapers, and feeding pets. About 10% of residents reported 

participating in such everyday tasks, however 10% had no interest in doing so (Kalinowski et al., 

2012).  

Certainly one approach used to increase physical activity in aged-care is to encourage residents to 

participate in activities of daily living (ADLs) e.g. walking to meals, or involvement in household 

activities (Resnick et al., 2009; Resnick et al., 2008). However, the cost (in terms of additional staff 

time and training), attitudinal (in terms of staff, family and residents) and previously mentioned 

environmental constraints make this function-focussed approach challenging to implement.  

RCTs that have used a function-focussed approach show mixed results (Galik, Resnick, Hammersla, 

& Brightwater, 2014; Kerse et al., 2008; Resnick et al., 2009; Sackley et al., 2009). Improvements in 

mobility (the Tinetti Mobility Score) and aspects of ADL function (sub scores of the Barthel Index) 

were shown in one trial (Resnick et al., 2009), but not in the remainder (Galik et al., 2014; Kerse et 

al., 2008; Sackley et al., 2006).  

Attitudinal barriers and time constraints of care staff can also limit residents’ participation in daily 

activities, as described by a Canadian facility staff member. 

You might have a resident who’s able to walk but is in a wheelchair because of long 

distances... But if she’s at the other end of the hallway and you want to bring her to breakfast 

but it’s going to take you a half hour to get there, there’s no way that’s going to happen 

because, you know, nursing or personal support workers need to be tending to their other 

residents who need to get to breakfast (Benjamin et al., 2011, p. 253). 



29 

Care staff (n=93) charged with implementation of one function-focussed trial (Resnick et al., 2008) 

identified attitudinal barriers of staff, family and residents towards more independent engagement if 

residents in their in ADLs. Barriers identified were the time needed to develop trust and motivate the 

residents to engage in ADL activities. Care staff also felt that some residents had learned to be 

dependent, expected a certain level of care, or were seeking attention through caregiving interactions. 

Further, families (and also nursing supervisors) believed that residents should be “waited on” and care 

should be provided for the resident, regardless of underlying function. Care staff also recognised their 

own assumption that residents could not perform an activity, was a major barrier to enabling residents 

to engage in restorative care activities.  

…There were so many things I didn’t realize they could do…like walking around and 

everything. If they can wash themselves then let them do it! If we keep feeding them because 

their hands are shaking then they won’t want to do it themselves (Resnick et al., 2008 p. 106). 

There are also personal (resident-related) constraints to physical activity (Benjamin et al., 2009; 

Benjamin et al., 2011; Chen, 2010; Kalinowski et al., 2012; Koltyn, 2001; Wu et al., 2013) (Benjamin 

et al., 2011). Reported resident-related constraints to both exercise and ADLs include pain, shortness 

of breath, fatigue, fear of falling (Chen, 2010; Guerin, Mackintosh, & Fryer, 2008; Wu et al., 2013) 

and personal preference for activity (Benjamin et al., 2014).  For those with dementia, poorer physical 

and cognitive status is also associated with lower engagement levels in set activities (Kolanowski, 

Buettner, Litaker, & Yu, 2006).  

Women living in aged-care facilities indicated that factors that would make it easier to participate in 

exercise programmes included being able to exercise without being uncomfortable; exercising with 

supervision (for the encouragement and for reassurance) and being convinced of its importance (i.e. 

the physical benefits); as well as the social interaction (Guerin et al., 2008; Koltyn, 2001). Residents 

also noted that not everyone may want to exercise in a class setting, either because people like to 

exercise in different ways, or because of fear of being unable to keep up with others (Guerin et al., 

2008).  

With the exception of health barriers (i.e. pain, incontinence and hearing impairments) experienced by 

aged-care residents, motivators and personal barriers are the same as those identified by a focus group 
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of inactive older community-dwelling people, who saw the benefits of activity in maintaining health 

and socialisation; and identified the need for physical activity to be purposeful and fun. They also 

commented that they preferred individual tailoring of a physical activity programme because they 

were concerned about slowing others down in a group exercise setting (Costello, Kafchinski, Vrazel, 

& Sullivan, 2011). 

Developing a culture that values the importance of physical activity with residents, staff and 

significant others and appropriately accommodating activity within the facility routine has also been 

noted as important (Benjamin et al., 2011; Guerin et al., 2008). 

One has to take into consideration the daily routine … when we want to come to see my 

mum, she will just have finished her bath which normally is before breakfast, but it depends 

on when they start and where they wind up. And she loves to go to church … then you’ve 

only got a half an hour before lunch … then bridge at one … how am I going to fit in physical 

activity? You can’t push her very fast. It [exercise] almost has to be a religion like the church 

(Benjamin 2011, p. 253). 

1.2.3 Summary 

Studies that describe the habitual physical activity levels of aged-care residents are limited to small 

observational studies. Individual studies have included participants with varying levels of 

independence in mobility and short data collection periods. Additionally, the range of methodologies 

used to measure physical activity prevents meaningful comparison of individual study results. 

Therefore, any conclusions regarding aged-care residents’ physical activity levels are drawn with 

caution.  Based on three observational studies of habitual activity levels, aged-care residents spend 

over 8 hours of the waking day sedentary (i.e. seated or lying down) (Egerton & Brauer, 2009; Ice, 

2002; MacRae et al., 1996). Based on one accelerometer study, residents spend at least 50% less time 

upright when compared to community-dwellers (Egerton & Brauer, 2009). Further, the duration of 

their activity bouts is half that of community-dwellers (Egerton & Brauer, 2009). Reasons why aged-

care residents are less active than community dwellers are likely to be a combination of their older 

age, their need for assistance in ADLs because of physical and/or cognitive impairments, as well as 

the environment in which they live.  
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Aged-care residents share similar personal barriers and motivators to participation in physical activity 

as those experienced by community-dwelling older people (Benjamin et al., 2011; Benjamin et al., 

2014; Chen, 2010; Costello et al., 2011; Guerin et al., 2008).  However, physical and cognitive 

impairments make aged-care residents more reliant on the supervision of care staff for ADLs and 

exercise; hence they are subject to facility routines and policies, particularly safety policies (Wu et al., 

2013) which is not the case for community-dwelling older people. The environmental barriers to 

physical activity are the same as experienced by others with mobility or visual impairments i.e. access 

in terms of distance along corridors or across different floors of a facility, adequate lighting, and an 

adequate designated space for activity. Importantly, physical activity programmes in aged-care 

facilities will be compromised when they are seen by facility staff and/or family to compete with 

other facility routines including essential care and the social needs of the resident, rather than being 

considered as an integral part of daily life.   

1.3 MEASURING PHYSICAL ACTIVITY  

Physical activity is defined as “any bodily movement produced by skeletal muscles that results in 

energy expenditure” (Caspersen et. al, 1985, p. 126) and includes the energy expenditure that occurs 

during sleeping, work and leisure activities.  

Subcategories of physical activity are exercise and ADLs or habitual activity. Exercise is defined as 

“planned, structured, repetitive, and purposive activity” (Caspersen et. al, 1985, p. 128) with the 

objective of  maintaining or improving physical fitness (Caspersen, Powell, & Christenson, 1985). 

ADLs are defined as unstructured activities including personal care activities (basic ADLs or 

BADLs), household activities and leisure time activities (instrumental ADLs or IADLs).  

Physical activity volume, frequency, intensity, time and type are the measurable dimensions of 

physical activity (Sallis & Owen, 1998).  Physical activity measures usually quantify two or more of 

these components. The most common measure of physical activity volume is energy expenditure 

measured in kilojoules or kilocalories.  Energy expenditure is often described using metabolic 

equivalent tasks (METs), which quantifies the energy expended during common activities, providing 

a measure of exercise intensity. It is calculated as the ratio of energy expended (kilojoules or 



32 

kilocalories) during activity divided by resting energy expenditure. Resting energy expenditure (or 1 

MET) is normally defined as 3.5 mL.kg-1.min-1, although because resting energy expenditure is lower 

in overweight persons, declines with age, and is lower in females than in males, this figure is an 

estimate only (Ainsworth et al., 2011; Ainsworth et al., 2000). Light physical activity is associated 

with energy expenditure of 1.6-2.9 METs, and includes activities such as slow walking, cooking, and 

washing dishes. Moderate physical activity is associated with energy expenditure of 3-5.9 METs, and 

includes activities such as brisk walking, dancing, gardening, and housework, while vigorous physical 

activity is associated with energy expenditure of ≥6 MET, and includes activities such as swimming, 

running, and cycling  (Ainsworth et al., 2000). 

The following section provides an overview of self-report and objective measures used to measure 

physical activity in older people. The most commonly used measures in the studies previously cited in 

this chapter are briefly outlined at the start of this section. The following sections give a more detailed 

description of accelerometry (Section 1.3.4), functional performance (Section 1.3.5) and the physical 

performance measures (Section 1.3.6) used in subsequent studies in this thesis.  

1.3.1 Self-report  

Self-administered or interviewer-administered questionnaires and physical activity diaries are 

commonly used in large studies because of their simplicity and low cost. The additional benefit of 

questionnaires over direct methods i.e. doubly labelled water and indirect calorimetry is their ability 

to capture the duration and type of physical activity as opposed to simply measuring volume and 

intensity. 

The Physical Activity Scale for the Elderly (PASE) (Washburn, Smith, Jette, & Janney, 1993) and the 

Yale Physical Activity Survey for the Elderly (YPAS) (Dipietro, Caspersen, Ostfeld, & Nadel, 1993) 

previously mentioned in Section 1.1 illustrate the physical activity dimensions assessed using self-

report.   

The PASE is a 10-item questionnaire of occupational, household, and leisure time activities using 

recall of the frequency and duration of activities over the previous week. The final PASE activity 

score is determined by multiplying the amount of time spent in each activity (hr/week) by an activity 
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item weight and summing all items (Washburn et al., 1993). The YPAS is a 36-item questionnaire of 

work, home, recreational, and exercise activities using recall over a month to determine physical 

activity in a typical week (Dipietro et al., 1993).  This is used to calculate energy expenditure as well 

as the duration, frequency and types of activity. To calculate energy expenditure, the time for each 

checklist activity is multiplied by an intensity code (MET), and then summed for a total of kcal/week.  

In summary, the YPAS estimates energy expenditure (kcal/week), as well as itemising the duration 

and activity type, whereas the PASE identifies activity types but does not estimate energy 

expenditure. 

Questionnaires have a number of limitations that are particularly relevant to physical activity 

measurements in older people.  The first is their low construct validity when compared to objective 

measures (i.e. doubly labelled water or accelerometry) because of inaccurate recall of the duration or 

intensity of activities (Forsén et al., 2010; Shephard, 2003). To increase recall accuracy, 

questionnaires for older people are generally shorter than those designed for younger adults, and 

include more of the types of activities that community-dwelling older people are likely to undertake, 

such as walking, gardening and other lighter chores (Washburn et al., 1993). Nevertheless, there is a 

tendency to identify high intensity activities more accurately than light or moderate-intensity 

activities (Shephard, 2003), which may also render inaccurate estimations of energy expenditure 

(Washburn et al., 1993). As previously noted, inconsistencies between some studies that used self-

report and those using objective measures that have identified gender differences in physical activity 

intensity have been attributed to females spending more time doing activities which are not well 

captured using self-report questionnaires (Hansen et al., 2012). Briefly put, questionnaires are 

unsuitable for aged-care residents because of their reliance of recall, and the inclusion of items that 

are not meaningful in the rest home environment.  

1.3.2 Doubly labelled water and indirect calorimetry  

The doubly labelled water method, used to measure total energy expenditure, is considered the gold 

standard (criterion) measure of total energy expenditure; and can be used to estimate activity-related 

energy expenditure when resting metabolic rate and thermogenesis are considered (Valanou, Bamia, 

& Trichopoulou, 2006; Welk, 2002). It involves participants drinking a standardised dose of stable 
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isotopes (2H2 and 18O). As the isotopes are eliminated, C02 production is determined from urine 

samples taken before and at the end of the measurement period.  However, cost and technical 

complexity limits its use. Further, doubly labelled water cannot be used to distinguish different 

activity types or patterns, nor can it be used to assess sedentary behaviour. 

Previously mentioned examples of its use are the Pittsburgh Study (Manini et al., 2006) and the 

Louisiana Healthy Aging Study (Frisard et al., 2007; Johannsen et al., 2008) which established that 

the lower total energy expenditure of nonagenarians when compared to those aged 60–74 yr could be 

attributed to a reduction on both resting metabolic rate and physical activity levels (Frisard et al., 

2007); and that higher levels of energy expenditure were strongly associated with lower risk of 

mortality (Manini et al., 2006).  

Open circuit indirect calorimetry (as used in Chapter 4 of this thesis), measures gas exchange (oxygen 

consumption V̇02) of respiratory gases collected via a face mask at rest and while exercising to 

measure energy expenditure. Because the participant is attached to the gas analyser via tubes and a 

face mask or mouthpiece, their use is limited to short time periods, usually in a laboratory-type 

environment. Hence indirect calorimeters are useful for quantifying energy expenditure of specific 

activities or for cross validation of other measures of energy expenditure that are to be used in a free 

living situation (Valanou et al., 2006).  

1.3.3 Direct observation  

Direct observation can be used to identify activity types, time, and duration and is well suited to an 

aged-care environment, where participants’ activity can be observed in a confined space. Estimation 

of energy expenditure is also possible by multiplying the energy cost of each activity by the time 

allocated to it. Examples of direct observation are described in Section 1.2.1, where time sampled 

observations of aged-care residents over periods of one or two days were used to quantify time spent 

in inactive and upright (Ice, 2002; MacRae et al., 1996). More recently, direct observation has been 

superseded by video capture.  Video camera footage from two aged-care facilities (network of 216 

cameras in one facility and 48 the second facility) over a three-year period identified 227 falls data 

from 130 individuals (78±10 yr), offering a unique insight into the sequences of events that most 
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commonly lead to falls (Robinovitch et al., 2013). However, video analysis presents limitations in 

terms of privacy and the time required to analyse large data sets. 

1.3.4 Body-worn accelerometers 

Accelerometers in the form of body-worn motion sensors, measure linear accelerations associated 

with physical activity in one or more axes, usually for periods of days to weeks. Developments in 

accelerometer technology during the last decade have evolved from single (uniaxial) to three (triaxial) 

axes accelerometers, enabling characterisation of body positions (i.e. activity recognition) and activity 

patterns (i.e. time spent in different activities), in addition to estimating total physical activity and 

physical activity intensities (Cheung, Gray, & Karunanithi, 2011; Taraldsen, Chastin, Riphagen, 

Vereijken, & Helbostad, 2012).  

Studies have begun to explore the relationship between activity patterns, age and physical 

performance measures, although at this stage exactly which accelerometer parameters are the most 

relevant for identifying differences in physical activity behaviours between groups or changes in 

physical activity behaviour have not been adequately identified (Taraldsen et al., 2012). A 

comparison of the three most commonly used accelerometer variables in older people: (i) energy 

expenditure (kcal per day) (ii) total time walking, and (iii) total activity, showed that these variables 

did not distinguish activity between healthy and inpatient samples (Taraldsen et al., 2012).  

The range of accelerometer measurement parameters are further discussed below. 

Activity and step counts 

Accelerometer activity counts have been widely used in epidemiological studies to measure physical 

activity and sedentary behaviour, as discussed in Section 1.2. At their simplest, uniaxial sensors 

measure the amplitude and number of vertical accelerations. The output is reported as the mean 

number of counts per minute (CPM). The activity counts reflect the intensity of body movement, thus 

the higher number of counts measured, the more active a person is. Energy expenditure is estimated 

using pre-determined thresholds for the number of CPM. For example, sitting or sedentary behaviour 

in adults is commonly defined as <100 CPM  (C. E. Matthews et al., 2008), moderate intensity (3–5 

METs) activity as ≤ 1952 CPM and MVPA as ≥ 2020 CPM  (C. E. Matthews et al., 2008; Troiano et 
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al., 2008). There are limitations to using activity counts to measure physical activity and sedentary 

behaviours. Firstly, the pre-determined thresholds for energy expenditure intensities that relate 

accelerometer counts to measured activity energy expenditure, are derived mainly from laboratory 

studies with younger adults (Copeland & Esliger, 2009; Troiano et al., 2008). A comparison of 

treadmill walking energy expenditure measured using indirect calorimetry with accelerometry in older 

people (n=20, 75 yr) indicates accelerometer data cut points to quantify light, moderate, and vigorous 

activity in older people should be considerably lower than those for younger adults (Hall, Howe, 

Rana, Martin, & Morey, 2013). In this study, 809 CPM equated to moderate intensity activity (4 

METs) in older people, whereas the lower bound for moderate intensity activity (3–5 METs) in young 

adults is ≤ 1952 CPM. Essentially, this means that the energy cost of performing an equivalent task 

(e.g. walking at a defined speed) is higher in older people than in young adults; and the accelerometer 

cut points need to reflect this difference. Secondly, the cut point of 100 CPM for sedentary time is 

taken to be indicative of sitting or lying, however it could also include time spent standing.  The 

ability to be able to discriminate between seated, lying and standing postures is important, given the 

evidence that fragmenting sedentary time periods by periodically standing up, has a beneficial effect 

on biological markers for cardio metabolic health (Healy et al., 2008; Healy et al., 2015; Tremblay et 

al., 2010) .  

Acceleration data can also be converted into step counts. For that reason, body-worn accelerometers 

that measure step counts have superseded the mechanical pedometers previously used. Pedometers 

could measure step counts over days to months, but with no time base or measure of the amplitude of 

movement, they could not be used to identify activity patterns or activity intensities (Cheung et al., 

2011; de Bruin, Hartmann, Uebelhart, Murer, & Zijlstra, 2008). Additionally, in older people who 

move more slowly, or have irregular or unsteady gait patterns, pedometers tend to underestimate the 

number of steps taken by a magnitude of between 46–74% (Cyarto, Myers, & Tudor-Locke, 2004).  

Activity and body posture recognition 

More recently, accelerometers have been developed that can discriminate between body positions and 

movement patterns (i.e. sitting, lying and standing, step count, walking and falling). With the newer 

accelerometers, the provision of more axes, (i.e. triaxial versus uniaxial) and higher sampling 
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frequencies, more data and better signal resolution is available now than with previous technologies. 

Increasingly, these research grade devices also include inclinometers or gyroscopes to measure body 

tilt/angle (Culhane, O'Connor, Lyons, & Lyons, 2005). So strictly speaking, these devices are better 

termed body-worn sensors than accelerometers. Software algorithms can then be used to classify 

sitting, lying, standing postures, falling, gait or step count derived from the raw acceleration signals 

collected by the device (Cheung et al., 2011).  

The accuracy of accelerometer data for activity and body posture recognition is dependent upon 

sensor placement and the algorithm used. A sensor worn on the thigh will better detect changes in 

femur orientation between sitting and standing than a sensor worn on the trunk (low back or thorax). 

A sensor worn on the low back or thorax will better detect changes in trunk orientation between lying 

and standing than a sensor worn on the thigh. To improve the accuracy at detecting different postures, 

some validation studies have attached multiple sensors at one time (Brown, Roth, & Allman, 2008; 

Choquette, Hamel, & Boissy, 2008; Culhane, Lyons, Hilton, Grace, & Lyons, 2004; Dalton, Ní 

Scanaill, Carew, Lyons, & Olaighin, 2007; Salarian, Russmann, Vingerhoets, Burkhard, & Aminian, 

2007; Taraldsen et al., 2011).  

However, the algorithm used to analyse the acceleration patterns is the most important factor for 

assuring accuracy of activity and body posture recognition.  Validation studies have shown that the 

accuracy of accelerometer algorithms used for classifying postures and gait is compromised in older 

people who move more slowly, shuffle or pause while walking (Cheung et al., 2011; Grant, Granat, 

Thow, & Maclaren, 2010; Taraldsen et al., 2011).  A limited number of studies have assessed the 

accuracy of accelerometer algorithms for detection of postures and ambulation in people over 70 

years of age (Brown et al., 2008; Choquette et al., 2008; Culhane et al., 2004; Dalton et al., 2007; 

Grant, Dall, Mitchell, & Granat, 2008; Lyons, Culhane, Hilton, Grace, & Lyons, 2005; Taraldsen et 

al., 2011). Of these studies, four used six or fewer subjects (Choquette et al., 2008; Culhane et al., 

2004; Dalton et al., 2007; Lyons et al., 2005) and all used more than one device attached to the person 

to detect postures.  More research is needed in this area to better characterise activities of older people 

in residential aged-care.  
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Activity pattern recognition 

Accelerometer outputs can also be described in terms of activity patterns. Activity pattern variables 

can describe the duration and frequency of different activities (walking and standing) as well as 

sedentary time periods, the time of day when activity occurs, or the variability of activity patterns 

from day to day. As noted earlier (Section 1.1.5) sedentary behaviour research in adults argues that 

the patterns of sedentary and habitual activity time, independent of total time spent in activity or being 

sedentary, can influence cardio metabolic health (Healy et al., 2015; Tremblay et al., 2010).  

Studies on associations between health markers and activity patterns has not yet extended to older 

people. However, differences between the activity patterns of young and older people in different 

environments have begun to be explored (Cavanaugh, Coleman, Gaines, Laing, & Morey, 2007; 

Cavanaugh, Kochi, & Stergiou, 2010; Davis & Fox, 2007; Lord et al., 2011). 

Using activity counts, community-dwelling older people were shown to engage in up to twice as 

many sedentary bouts per day as young adults, with differences being most marked in the evening  

(Davis & Fox, 2007).  One study has also compared the step count patterns of older community-

dwellers (n=28, 84±2 yr) and younger adults (n=30, 37±3 yr) (Cavanaugh et al., 2007).While no 

difference in total step counts between healthy older people and younger adults was found, older 

people, even in the absence of functional limitation, had a more orderly, predictable pattern of rest to 

activity.It was postulated that this is a mechanism to reserve energy (Cavanaugh et al., 2007). 

Similarly, a comparison of step activity (n=157, 80±6 yr) between highly active (≥ 10,000 steps per 

day) and less active community-dwellers showed active older people had more complex patterns of 

ambulatory activity. (Cavanaugh et al., 2010). This may reflect the wider range of indoor and outdoor 

ambulatory tasks active older people do, and a greater likelihood of venturing from their homes to 

participate in activities. As previously discussed, there is less information on activity patterns of aged-

care residents, but preliminary research shows the duration of their activity bouts to be less than half 

that of community-dwelling older people (Egerton & Brauer, 2009).   
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Associations between functional performance or physical capacity measures and accelerometer 

measures   

Surprisingly, the associations between accelerometer-derived time spent in activity or activity patterns 

and measures of functional performance in community dwellers, assisted-living and hospitalised older 

people are weak (Benzinger et al., 2013; Egerton & Brauer, 2009; Lord et al., 2011; Nicolai et al., 

2010; Rapp et al., 2012; Zalewski, Smith, Malzahn, VanHart, & O'Connell, 2009).  

There is an approximately linear relationship between accelerometer-derived time spent walking and 

physical capacity measures of gait speed, chair stands, balance and grip strength although this 

association is modest (Rapp et al., 2012). In this study of community-dwellers (n=1271, 76±7 yr), 

habitually low gait speed (≤ 8 m/s) explained the highest variance in walking duration, at just 12%. 

Time to complete five chair stands explained between 4% (males) and 10% (females) of the variance; 

and standing balance explained just 7% of the variance in walking duration (Rapp et al., 2012). 

Similarly, the association between personal and cognitive and physical characteristics (Timed Up and 

Go, Falls Efficacy Scale and the Community Health Activities Model Programme for Seniors 

questionnaire) and activity patterns (sedentary, activity and sit-to stand transitions) in community-

dwellers (n=56, 80 yr) found younger age and lower BMI to be the only significant predictors of 

walking behaviour, and lower BMI as a predictor for the number of sit-to-stand transitions (Lord et 

al., 2011). Likewise, no relationship was shown between measures of gait speed and accelerometer-

derived total step count in independent or assisted-living older people (n=57, 84 yr) (Zalewski et al., 

2009).  

The association between accelerometer-derived walking time and time on feet and measures of 

functional capacity (the Short Performance Physical Battery [SPPB]) in community dwellers and in 

hospital patients is also low (Benzinger et al., 2013; Nicolai et al., 2010).  In community dwellers 

(n=84, 81± 4 yr), chair rise time was the only predictive variable, explaining 20% of the variance of 

physical activity measured over seven days (Nicolai et al., 2010). In patients post hip fracture repair 

(n=65, 80 yr), correlations of walking time and time on feet with SPPB scores were also reported as 

modest to fair (r=0.46 and 0.65 respectively) (Benzinger et al., 2013).  



40 

In brief, this suggests that habitual activity is influenced to a large degree by factors other than 

physical ability; for example, motivation, personal health beliefs, confidence and environmental 

factors, which are not reflected in physical capacity or functional performance measures. Therefore, 

measuring both physical capacity and the habitual activity patterns of older people may provide a 

more comprehensive picture of their functional performance and activity behaviours. Two RCTs 

(Chin A Paw, van Poppel, & van Mechelen, 2006; Galik et al., 2014) that have used both 

accelerometry and physical capacity measures as outcomes to evaluate physical activity interventions 

are discussed in Section 1.4.2.  

In summary, accelerometers measure habitual activity and sedentary behaviours. They are more 

accurate than self-report measures for capturing the low level activities that older people undertake, 

with the proviso that the device is validated for use in older people.  Subsequent chapters in this thesis 

describe the validation of an accelerometer and its use to characterise the physical activity and 

sedentary behaviours of aged-care residents, as well as an outcome measure for active video games 

(AVGs) as a physical activity intervention.  

Subsequent chapters in this thesis also refer to a number of functional performance and physical 

capacity measures for older people. Like accelerometer devices, functional performance measures aim 

to describe what activities a person can or cannot do within their own environment. In contrast, 

physical capacity measures quantify a person’s ability to perform defined tasks within a standardised 

environment. Therefore, physical capacity measures are not influenced by contextual environmental 

or behavioural factors. The following section describes the functional performance measures referred 

to in subsequent chapters and explains the physical capacity measures that are used in the subsequent 

studies. 

1.3.5 Functional performance measures 

Functional performance measures describe the activities an individual does within their current 

environment (World Health Organization, 2001). Using self-report or observation, these measures use 

ordinal scales to score a person’s ability to perform motor activities including toileting, feeding, 

bathing, grooming, ambulation and stair climbing. They may also include cognitive activities, such as 
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problem solving and memory.  Individual items scores are combined to provide an overall functional 

performance score.  

From a practical view point, the advantages of both functional performance and physical capacity 

measures are their simplicity. They are quick to conduct, require minimal or no equipment and can 

usually be administered by care home or hospital staff with little additional training.  

The limitations of specific tests (i.e. lack of responsiveness to change, lack of scale width, and 

internal consistency issues when combining scores from a range of different domains) need to be 

taken into account when considering their use in the studies that are subsequently described in this 

thesis.  

The Barthel ADL Index and the Functional Independence Measure (FIM™) are commonly used as 

outcome measures for RCTs of physical activity programmes for older people (as discussed in 

Section 1.4). However, evaluation of the psychometric properties of both measures show issues with 

internal consistency and lack of scale width (de Morton, Keating, & Davidson, 2008; Pollak, Rheault, 

& Stoecker, 1996). The resultant lack of responsiveness of these measures may account for the 

absence of significant effects of interventions found in some of the trials discussed in Section 1.4. 

The Barthel ADL Index (BI) assesses independence in basic self-care ADLs across 10 items, rated in 

increments of 5, e.g. scores of 0, 5, 10, with a maximum total score of 100 (best function) (Mahoney, 

1965). Items are feeding, bathing, grooming, dressing, bowel and bladder control, toileting, chair 

transfer, ambulation and stair climbing. The FIM also assesses independence in 13 ADL self-care 

motor tasks as well as five cognitive tasks: comprehension, expression, social interaction, problem 

solving and memory (Granger, Hamilton, Keith, Zielezny, & Sherwin, 1986; Keith, 1987). The 18 

items are rated on a 7-point scale, with higher scores indicating greater independence.   

A comparison of the two measures (118 stroke inpatients, 68±11 yr) indicated that properties of the 

motor domain items of FIM and BI are similar in terms of concurrent validity and responsiveness 

(Hsueh, Lin, Jeng, & Hsieh, 2002); however, content analysis of both the FIM and the BI identifies a 

misfit for two of the motor domain items i.e. bladder and bowel management, when combined with 
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performance of the other motor tasks (de Morton, Keating, et al., 2008; Pollak et al., 1996).  Based on 

a Rasch analysis of BI scores (n=396), de Morton et al., (2008) concluded summing all items to 

produce a total ADL score was not valid because continence items (bladder and bowel) measured a 

different construct when compared to the remaining motor items (feeding, bathing, grooming, 

dressing, transfers and ambulation). Further, the BI showed ceiling effects (i.e. lacked adequate scale 

width to accurately monitor change) in higher functioning older people (de Morton et al., 2007). The 

same misfit of continence (and grooming) motor items has been reported for the FIM, using Rasch 

analysis of FIM scores in older people (80+yr, n=49) living in retirement settings (Pollak et al., 1996).  

Because falls are a significant issue for older people (Cameron et al., 2012), self-report measures of 

fear of falling or balance confidence are also often used as a measure of functional performance. 

Examples are the Falls Efficacy Scale (FES) and the Activities-specific Balance Confidence Scale 

(ABC) (Powell & Myers, 1995), used Chapter 2 of this thesis.  These questionnaires ask participants 

to rate how confident they are to maintain their balance across a range of ADLs that require 

transferring, bending, reaching, or walking using Likert scales responses, which are summed, with 

higher scores indicating more balance confidence.  

Internal consistency of the ABC, measured in studies of community-dwelling older people (n=168, 

71±7 yr; n=272, 79±5 yr) has been reported as high (Cronbach’s alpha = 0.95 and 0.96 respectively). 

However, both the ABC and the FES demonstrate ceiling effects and a lack of responsiveness to 

change in healthy community-dwelling older people (Huang & Wang, 2009; Talley, Wyman, & 

Gross, 2008).  

1.3.6 Physical capacity measures 

Physical capacity measures describe the highest probable level of functioning a person can achieve in 

a standardised environment (World Health Organization, 2001). These are measures of the individual 

components required for performance of ADLs e.g. mobility or balance while doing various simple 

activities such as standing with eyes closed, rising from a chair and walking; or the measurement of 

discreet functions including gait speed, reaction time or muscle strength. They are scored using 

interval scales for gait speed or ordinal scales for abilities to perform ADLs. Tests that use nominal 
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scales are scored as individual items. Activities using ordinal scales usually sum scores from separate 

items included in physical capacity test batteries e.g. the Berg Balance Scale.  

Commonly used physical capacity mobility measures are the Timed Up and Go (TUG), gait speed 

measures over a range of distances e.g. 6 m, 10 m and 6 min walk tests (Butland, Pang, & Gross, 

1982), tests of muscle strength e.g. repeated chair stand tests (Bohannon, 2006; Buatois et al., 2008) 

and tests of balance e.g. the Berg Balance Scale. As with measures of functional performance, 

physical capacity measures are chosen to suit the abilities of the participants to avoid issues of lack of 

scale width, as well as being robust in terms of responsiveness. The properties of the physical 

capacity measures used in subsequent chapters in this thesis are described in more detail below.   

The Timed Up and Go 

Specially designed as a mobility test for frailer older people, the TUG assesses mobility by measuring 

the time in seconds for a participant to rise from sitting in a standard kitchen chair with arms, walk 

three metres, turn around, walk back to the chair, and sit down again. A lower score indicates better 

performance (Podsiadlo & Richardson, 1991).  

Its inter-rater reliability has been reported as excellent (ICC = 0.92–0.95) in aged-care residents 

(n=78, 85 ± 6.0 yr) (Nordin, Rosendahl, & Lundin-Olsson, 2006) and in community-dwellers 

(n=1,200, 73 yr) (Lin et al., 2004).  

Its test-retest reliability has been reported as excellent (ICC -0.92–0.97) in community-dwellers 

(n=96, 73 ±8 yr) (Steffen, Hacker, & Mollinger, 2002); (n=1,200, 73.4 yr) (Lin et al., 2004). 

However, test re-test variability has been shown to increase with the time taken for a participant to 

perform the TUG (Nordin et al., 2006). In repeated measurements an observed value of 10 seconds 

could vary from 7 to 15 seconds and an observed value of 40 seconds could vary from 26 to 61 

seconds. With this degree of variability, one might expect the TUG’s responsiveness to be lower in 

people with significant mobility limitations. 

Additionally, floor effects for the TUG have been reported in older people with cognitive impairments 

(Rockwood, Awalt, Carver, & MacKnight, 2000) and frail inpatients (Benzinger et al., 2013; Said, 
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Morris, Woodward, Churilov, & Bernhardt, 2012) with between 30–50% of older people unable to 

perform the test. In community-dwelling older people (n=2,305), specifically those with cognitive 

impairment, 29% were unable to complete the test (Rockwood et al., 2000). In older inpatients 

between 31% (Benzinger et al., 2013) and 51% (Said et al., 2012) were unable to perform the TUG on 

admission.  

In brief, it appears the TUG is suited to older people without significant mobility limitations or 

cognitive impairments; but the variability of TUG scores on re test, as well as floor effects for those 

with poor mobility, may limit useful interpretation of TUG change scores in frail older people. 

The de Morton Mobility Index 

The DEMMI entails observation of a range of mobility tasks (e.g. getting in and out of bed, standing 

from a chair and walking, balance tasks, with eyes open and closed, tandem and feet together, picking 

a pen off the floor and jumping) which are scored using a 100 point Rasch-analysed scale.  It has been 

validated for use in older inpatients (de Morton, Davidson, & Keating, 2008; Godi et al., 2013), 

although to date no publications have used the DEMMI in residential aged-care trials.    

When assessed against the BI in hospitalised older people (n=696, 82±9 yr), the DEMMI was shown 

to be significantly more responsive to change than the BI. The DEMMI’s responsiveness was reported 

as 0.34 (CI 0.25 to 0.42) and the BI as 0.14 (CI 0.06 to 0.22) (Godi et al., 2013). As previously 

discussed (Section 1.3.5) the lower responsiveness of the BI probably reflects the diversity of its 

content. Further, the DEMMI does not demonstrate floor effects in hospital inpatients (n=47, 81 ±6 

yr) seen in the TUG (Said et al., 2012).  

Because of its wide scale width, the DEMMI was chosen together with the more commonly used 

TUG as measures of mobility in the RCT reported in Chapter 6. 

The Mini-BESTest 

The Mini Balance Evaluation Systems Test (Mini-BESTest) is a 14-item scale that focuses on 

dynamic balance, and was developed recently as an abbreviated version of original BESTest 

(Franchignoni, Horak, Godi, Nardone, & Giordano, 2010). The impetus for developing both the 
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original BEST and the Mini-BESTest was to include dynamic balance components which are not 

included in the most widely used balance tests, the Berg Balance Scale (BBS)  (Berg, Wood-

Dauphinee, Williams, & Maki, 1992) and the Tinetti POMA (Tinetti, 1986).   

Like the BBS, the Mini-BESTest uses an ordinal scale (0–2) summed to a maximum of 28 points. 

Since many components of the Mini-BESTest are also part of the BBS, not surprisingly it shows 

excellent concurrent validity against the BBS, r = 0.79 (King, Priest, Salarian, Pierce, & Horak, 

2012); r = 0.85, (Godi et al., 2013). Of note, these findings are based on people with Parkinson’s 

Disease (n=97, 66±7 yr) (King et al., 2012) and balance disorders (n=93, 66±13 yr) (Godi et al., 

2013), but not older people. 

Inter-rater reliability of the Mini-BESTest and BBS were reported as similar (n=93, 66±13yr; 

ICC=.98 versus .97, respectively) (Godi et al., 2013).The test-retest reliability of the Mini-BESTest 

was reported as higher when compared to the BBS (ICC =.96, versus ICC = .92, respectively) (Godi 

et al., 2013). Importantly, the Mini-BESTest has a broader scale width, meaning it can accommodate 

higher functioning individuals. When Mini-BESTest and BBS scores were compared post 

physiotherapy, 13% of participants reached the maximum BBS score, whereas 2% of participants 

reached maximum score in the Mini-BESTest (Godi et al., 2013).  

In brief, it appears that the BBS and Mini-BESTest behave similarly, but the Mini-BESTest has less 

of a ceiling effect, therefore it is more suitable for assessment of higher functioning older people. On 

this basis, the Mini-BESTest was chosen to assess the balance of community-dwellers in Chapter 4 of 

this thesis.  

1.3.7 Summary 

The benefit of accelerometer measures over self-report measures of physical activity, particularly in 

older people who typically perform low level activities and may have poor memory, is that they do 

not rely on recall. The three most commonly reported accelerometer-derived variables are estimated 

energy expenditure (kcal per day), total time in walking, and total activity. More recently activity 

pattern recognition (i.e. the frequency, variability and time spent in different postures or activities) has 
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also been used. However, it is not yet clear which accelerometer-derived physical activity variables 

might be useful in detecting changes in health status.  

Functional performance and physical capacity measures are commonly used to measure changes in 

health status because of their simplicity and low cost. Their responsiveness relies on the instrument’s 

internal consistency, reliability and adequate scale width for the chosen group of people.  

Habitual activity measured using accelerometry is influenced by contextual environmental and 

personal factors, for example motivation and personal health beliefs. These factors are not captured in 

physical capacity measures. Therefore, using both accelerometry and physical capacity measures 

provide a more comprehensive picture of an older person’s functional status and activity behaviours 

than using either measure alone.  

1.4 THE EFFECT OF PHYSICAL ACTIVITY INTERVENTIONS ON 

MEASURES OF FUNCTIONAL PERFORMANCE IN AGED-CARE 

RESIDENTS 

Two systematic reviews have summarised the evidence on the effectiveness of physical activity 

rehabilitation interventions for maintaining or improving functional performance and physical 

capacity in aged-care residents (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011). Crocker et 

al. (2013) reviewed 67 RCTs (n=6300, 83 ± 8 yr) of physical activity interventions in older people in 

residential aged-care with the primary outcome of improving ADLs (51 trials), or secondary 

outcomes of strength, flexibility, balance and mood (Crocker et al., 2013). Weening-Dijksterhuis et 

al., (2011) reviewed 27 RCTs (n=14,032, ≥ 70 yr) using outcomes of physical fitness, ADL 

performance and quality-of-life (Weening-Dijksterhuis et al., 2011). 

This section discusses the 14 trials judged as having a low risk of bias (scored as low risk in ≥ 4/8 

criteria) in both systemic reviews (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011). One 

further trial published subsequent to these reviews is also included because of its use of accelerometry 

as an outcome measure (Galik et al., 2014).  Details of these 15 trials are summarised in Table 1.3 and 

discussed further below.   
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The programme content of all 15 trials included in this discussion are representative of the range of 

approaches used in all of the trials included in the two systemic reviews. The interventions fall into 

one of two categories: (i) conventional exercise programmes that include resistance, balance and 

mobility training and (ii) programmes that encourage greater participation in ADLs, which may also 

include training of care staff to encourage ADL participation. 

The conventional exercise programme content included: seated strength training (McMurdo & 

Rennie, 1994), resistance training in weight bearing positions (Chin A Paw, van Poppel, Twisk, & 

van Mechelen, 2004), combined walking, balance and resistance training (Brittle et al., 2009; Chin A 

Paw et al., 2004; Lazowski et al., 1999; Rockwood et al., 2000; Rosendahl et al., 2006; Sackley et al., 

2008; Schoenfelder & Rubenstein, 2004), exercise to music (Chin A Paw et al., 2004; McMurdo & 

Rennie, 1994; Sackley et al., 2008; van Kan et al., 2010), combined occupational therapy (arts and 

crafts activities) and physiotherapy (physical activities) programme (Christofoletti et al., 2008) or 

combined occupational therapy (ADL assessment and management) and physiotherapy (physical 

activities) programme (Sackley et al., 2009). Five studies focussed on practice or encouragement of 

ADLs (Galik et al., 2014; Kerse et al., 2008; Peri et al., 2008; Resnick et al., 2009; Sackley et al., 

2006). 

All exercise programmes were supervised and used a high ratio of trained instructors to participants. 

Most programmes used group activities (between 2–9 participants) delivered by qualified personnel 

i.e. physiotherapists or occupational therapists with assistants, at a staff/participant ratio of 1:5 or less 

(Brittle et al., 2009; Chin A Paw et al., 2004; McMurdo & Rennie, 1994; Rockwood et al., 2000; 

Rosendahl et al., 2006; Sackley et al., 2008), or in a group of an unspecified size lead by a member of 

the research team (Schoenfelder & Rubenstein, 2004). Programmes that focussed on ADL activities 

customised to the individual were delivered on a one-to-one basis by care staff in consultation with a 

nurse specialist  (Kerse et al., 2008; Peri et al., 2008; Resnick et al., 2009), or by an occupational 

therapist (Sackley et al., 2006).  
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Programmes were usually offered 2–3 times weekly for 12 or more weeks. The intensity of 

programmes was not usually quantified, because progressions of resistance, number of repetitions, or 

distances walked was frequently done on an individual basis.    

All participants in four of the 15 trials were assessed as having mild to significant cognitive deficits 

(i.e. Mini Mental State Examination (MMSE) scores <21/30) (Christofoletti et al., 2008; Resnick et 

al., 2009; Rockwood et al., 2000; Rosendahl et al., 2006). In three trials, over half of participants were 

assessed as having cognitive deficits (Brittle et al., 2009; Galik et al., 2014; Sackley et al., 2009). 

1.4.1 Outcome measures used 

Trials used a range of functional performance and physical capacity measures to evaluate these 

exercise programmes.   

Measures of functional performance included in meta-analyses in the most recent systematic review 

(Crocker et al., 2013) were the BI, the FIM and the Rivermead Mobility Index (RMI). Physical 

capacity measures included in meta-analyses were the TUG test and gait speed, measured over a 

range of distances.  

Physical capacity outcomes measures used, but not included in meta-analyses because of 

heterogeneity were: balance tests (Christofoletti et al., 2008; Kerse et al., 2008; Lazowski et al., 1999; 

Rolland et al., 2007; Rosendahl et al., 2006; Schoenfelder & Rubenstein, 2004), chair rises (Galik et 

al., 2014; Rosendahl et al., 2006), the step test (McMurdo & Rennie, 1994), upper and lower limb 

muscle strength tests (Lazowski et al., 1999; McMurdo & Rennie, 1994; Resnick et al., 2009; 

Rosendahl et al., 2006); and fitness (Chin A Paw et al., 2004; Chin A Paw, van Poppel, & van 

Mechelen, 2006) or mobility test batteries (Kerse et al., 2008; Peri et al., 2008; Resnick et al., 2008). 

Two trials also measured habitual physical activity using accelerometry (Chin A Paw, van Poppel, & 

van Mechelen, 2006; Galik et al., 2014). The former used accelerometer-derived time spent in activity 

(average CPM) and time spent sitting (defined as <100 CPM) (Chin A Paw, van Poppel, & van 

Mechelen, 2006)  and the latter used time spent in light (< 1,952 CPM or < 2.99 METs) and moderate 

( 1,953–5,724 CPM or 3.0–5.99 METs) activity over a 24 hour period  (Galik et al., 2014). 



49 

1.4.2 Effectiveness of physical activity rehabilitation interventions 

Both systematic reviews concluded that physical activity physical activity rehabilitation  programmes 

were effective in improving aspects of functional performance or physical capacity in aged-care 

residents (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011).  

Crocker et al. (2013) demonstrated improvements for all functional performance measures included in 

their meta-analyses. Significant improvements in performance were found for the BI (6 points 95% CI 

2 to 11), the FIM (5 points 95% CI -2 to 12) and the RMI (0.7 points 95% CI 0.04 to 1.3). Significant 

improvements were also reported for both physical capacity measures included in the meta-

analyses(Crocker et al., 2013). There was a reduction in TUG score of 5 secs. (95% CI -9 to 0), and 

an increase in gait speed of 0.03 m/s (95% CI -0.01 to 0.07). The authors noted that while these effect 

sizes were small, they may indicate stabilisation of function. 

The earlier review focussed on exercise interventions not ADL interventions (Weening-Dijksterhuis 

et al., 2011). Based on studies with strong effect sizes, the authors specified the following parameters 

to improve ADL and physical capacity (gait speed and TUG) measures. They recommend an exercise 

programme of progressive resistance, at a training intensity of 40-80% of 1 RM; increasing from one 

set of eight repetitions to three sets of eight repetitions; three times weekly (Weening-Dijksterhuis et 

al., 2011). However, they also noted that the higher intensities may not be suitable for some frailer 

older people. Therefore, participants’ exercise tolerance needs to be assessed by an experienced 

clinician. 

The two trials that measured changes in habitual physical activity reported differing results (Chin A 

Paw, van Poppel, & van Mechelen, 2006; Galik et al., 2014).  The first found no difference between 

intervention and control groups for either accelerometer-derived time spent sitting or in activity 

following a six-month programme of either strength, functional skills training or combined strength 

and functional skills  (Chin A Paw, van Poppel, & van Mechelen, 2006). The second reported 

significant increases in the accelerometer-derived amount and intensity of physical activity following 

a six-month programme to encourage care staff to engage cognitively impaired residents in daily 

activities, but interestingly no difference in functional performance (the BI) (Galik et al., 2014).  
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1.4.3 Suitability of physical activity rehabilitation interventions for aged-care residents 

Given the range of physical and cognitive abilities of aged-care residents, it is unlikely that any one 

physical activity intervention would be suitable for all residents.  However, the Cochrane review 

failed to find any differences in effect between different studies based on: participants’ age (≥85 yr or 

<85 yr) or sex; programme duration (≥3 months or <3 months) or mode of delivery (individual or 

group-based) (Crocker et al., 2013).  

Reasons given for trials that did not improve functional performance or physical capacity measures 

were the inclusion of participants with significant cognitive impairment (Brittle et al., 2009; Kerse et 

al., 2008; Sackley et al., 2009) and low adherence rates (Brittle et al., 2009; Chin A Paw, van Poppel, 

& van Mechelen, 2006; Kerse et al., 2008). 

Some or all of the participants included in RCTs of individualised ADL programmes were assessed as 

having mild to moderate cognitive impairments (Kerse et al., 2008; Peri et al., 2008; Resnick et al., 

2009; Sackley et al., 2009). One trial of individualised goal setting plus a programme of selected 

ADLs reported participation in the activities to be low to nil in almost half of participants (n=682, 

84±7yr) (Kerse et al., 2008). This programme had no overall impact on mobility and functional 

performance measures, however cognitively impaired residents became significantly more depressed 

over the course of the programme, while the control group did not.  

A similar occupational therapy and physiotherapy programme of ADLs plus staff education, in a 

group where 40% of residents (n=249, 85±9 yr) were defined as having dementia, also reported no 

improvement in function and mobility measures (the BI and RMI) (Sackley et al., 2009). The authors 

commented that the prevalence of mood disorders and cognitive impairment (MMSE <20) was 

greater than was anticipated. They posited that depression may have reduced the ability for residents 

to engage in therapy and to retain improvement and could, therefore, be a factor in the apparent lack 

of intervention benefit (Sackley et al., 2009). 

Conversely, a recent trial of a function-focussed approach for residents with severe cognitive 

impairment (n=103, 84 ± 10 yr, MMSE 9 ± 4) that also reported no improvement in function i.e. the 

BI, did find significant improvements in the intervention group’s habitual activity levels (measured 
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using accelerometer activity counts and staff observed activity) as well as a significant reduction in 

falls (Galik et al., 2014). As previously discussed, this suggests that either the functional performance 

measure i.e. the BI lacked responsiveness, or functional performance measures are not strongly 

associated with measures of habitual physical activity.  

Issues of reluctance to comply with the intervention, or low adherence was also reported three trials 

that found no significant improvement in function (Brittle et al., 2009; Chin A Paw, van Poppel, 

Twisk, & van Mechelen, 2006; Kerse et al., 2008). One reason cited for lack of compliance was 

participants found the exercise programme was too intensive and gave up (Chin A Paw, van Poppel, 

Twisk, et al., 2006). In this case, the authors commented that compliance to twice weekly moderate-

intensity exercise appeared too difficult for this frail group (n=159, 81±5 yr) and improvement in 

measures of physical capacity were only found among those who attended at least 75% of all exercise 

classes (Chin A Paw, van Poppel, & van Mechelen, 2006). 

One group exercise programme for people (n=56, 85±9 yr) with cognitive impairment (MMSE scores 

of approximately 20/36) reported that residents attended less than half (43%) of the classes (Brittle et 

al., 2009). The reasons given for lack of attendance were the inability to engage in the exercise 

programme, disruptive behaviour because of cognitive impairments and conflicting appointments e.g. 

chiropody, hair appointments, outings with friends and family and organised social activities.  

1.4.4 Summary 

When compared to usual care or social activities, physical activity programmes for the purpose of 

maintaining or improving functional performance of aged-care residents are beneficial, albeit of 

modest proportions (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011). Factors that negatively 

impact on programme success include cognitive impairment, depression and low attendance rates.  
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Table 1.3: RCTs of Exercise Interventions: Studies Cited in Section 1.4 

Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Brittle et al., 2009 

Cluster RCT: 5 

facilities 

Participants with 

cognitive impairment 

MMSE <20 (70% of 

participants) 

IG 28 Interactive group 

exercise class including: 

- warm-up and cool 

down period 

- flexibility: range of 

movement and 

stretching 

- sitting balance: 

postures that 

progressively reduce the 

base of support and 

dynamic movements, 

such as reaching and 

throwing that perturb the 

body’s centre of gravity 

- Posture: education and 

practice of good posture 

during exercises 

- Co-ordination: 

reaching targets and dual 

tasking 

- Strengthening of the 

clinically major muscle 

groups 

2 40–60 5 wks Functional performance 

measures 

RMI 

Mood related 

The depression sub score of 

the Hospital Anxiety and 

Depression Scale 

The Stroke Aphasic 

Depression Questionnaire. 

depression sub score 

No significant improvements 

in mobility or depression 

were found in favour of group 

exercise. Retention to the 

study was high with 46 (82%) 

participants completing all 

assessments. Adherence to 

group exercise was lower 

with participants attending a 

mean of 3.61 out of 8.5 

prescribed sessions (42.5%).  

Group exercise can be 

delivered to care home 

residents with reduced 

mobility but it is not suitable 

for residents with severe 

cognitive impairment. An 

estimated sample size of 240 

participants would be required 

to detect a clinically 

significant difference in the 

RMI with 90% power. 

IG 28 

CG 28 Usual care  

Chin A Paw et al. 

2004 and  

Chin A Paw et al. 

2006 

 

RCT: 6 facilities 

IG 56 Combined group 

training program  

A complete strength 

training session (2 x 12 

reps of 5 exercises, once 

weekly) and a 

complete functional 

training session (once 

weekly) 

2 40–60  6 mth Mood related 

Geriatric depression scale 

(GDS) 

Quality of life 

Dementia Quality of Life 

Instrument (DQol) 

Perceived health status 

Vitality Plus Scale (VPS) 

A small but significant 

decline was seen in perceived 

health, DQoL and VPS scores 

in the combined training 

group compared to the control 

group. 

 

Improvements in capacity 

measures only seen for those 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

CG 57 Strength training - group 

Two sets of 8–12 reps 

using gym resistance 

equipment for leg press, 

biceps curl, latissimus 

pull down, triceps press 

and heel raises with 

weights at 60–80% of 

the individual 1 

repetition maximum 

Physical capacity measures 

Groningen Fitness test for 

Elderly:  

Coordination- Timed Box and 

block test  

Eye hand reaction time 

Flexibility shoulder flexibility 

and sit and reach  

Balance -tandem standing, 

Muscle strength: knee, ankle, 

elbow, grip 

Gait speed and step length 

over 8 m  

Timed five times chair stand 

Picking up a pen from the 

floor while standing 

Putting on and off a standard 

lab coat. 

Functional performance 

(ADL) measures 

Interview of 17 items (0–51) 

 

Secondary Outcomes  

Physical Activity 

Uniaxial accelerometry- 

activity counts over three days 

Continence 

Laxatives (number of 

participants using), 

constipation (number of 

participants 

with) 

who attended >75 % of 

classes 

No effect of strength training 

was observed.   

The functional skills training 

participants improved 

reaction time (adjusted 

difference: 19.2 ms, 95% CI: 

0.7; 2.4), sit and reach 

distance (adjusted difference: 

2.5 cm, 95% CI: .2; 5.1), and 

time needed to put on and of a 

coat (.9 s, 95% CI: .3; 1.4) but 

their tandem stance decreased 

compared to the control group 

(.1 s, 95% CI: 0.2; .02).  

The combined training group 

improved their eye–hand 

coordination (6.0 s, 95% CI: 

.6; 0.5), chair rise 

performance (difference: 7.6 

s, 95% CI: 13.3; 1.9), and 

time needed to put on and off 

a coat (3.2 s, 95% CI: 7.5; 

1.1) compared to the control 

group. 

No change in habitual 

physical activity nor 

constipation  

At baseline the median time 

spent sitting was 8.2 hr/d, the 

median time spent on activity 

of at least moderate intensity 

was 32 min/day 

CG 60 Functional skills 

program - group 

Exercise to music, group 

games e.g. musical 

chairs, team pursuit 

races, throwing-catching 

a ball 

CG 51 Social “educational” 

programme - group 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Christofolletti et al., 

2008  

RCT 

Moderate dementia 

MMSE 15.2 ±3  

 

IG 17 An interdisciplinary 

programme of 

physiotherapy, 

occupational therapy, 

and physical exercise 

Physiotherapy: 

individualised exercises 

for strength, balance, 

and cognition using 

bars, Bobath balls, 

elastic ribbons, and 

proprioceptive 

stimulation plates 

Occupational therapy: 

arts and crafts activities 

(pictures, paintings, 

drawings, and 

embroidering) 

Physical exercise: 

walking and upper and 

lower limb exercises 

5/week 120 min 6 mth Functional performance 

(ADL) measures 

TUG test – steps and time 

Physical capacity measures 

Balance: BBS 

Cognition 

Brief Cognitive Screening 

Battery (BCSB): includes 

identification, incidental 

memory, immediate memory, 

learning memory, delayed 

memory, clock 

drawing test, verbal fluency 

test, recognition), MMSE 

Significantly improved BBS 

scores in both IG compared 

with CG 

No difference noted for TUG 

scores 

 

No difference in cognitive 

status between the 

interdisciplinary programme 

(IG) or the physiotherapy 

programme and the CG for 

cognitive status. 

IG 17 Physiotherapy: 

individualised exercises 

for strength, balance, 

and cognition using 

bars, Bobath balls, 

elastic ribbons, and 

proprioceptive 

stimulation plates  

CG 20 No motor intervention 

(control) 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Galik et al., 2014 

Cluster RCT 

4 facilities 

 

Moderate to severe 

dementia MMSE 8.7 

± 4.0 

 

IG n/s Function-Focussed Care 

for the Cognitively 

Impaired intervention 

(FFC-CI), self-efficacy-

based intervention 

focussed on motivating 

care staff to engage 

residents in functional 

physical activities. 

n/a n/a 6 mth Physical Activity 

Accelerometer (Activity 

Counts): moderate PA defined 

as 1,953 - 5,724 CPM or 3.0 to 

5.99 METs. 

Physical Activity Survey for 

Long-Term Care- 

observational survey 

Functional performance 

measures (ADL) measures 

BI (verbal report from care 

staff) 

Falls- number reported 

Physical capacity measures 

Chair rises 

Mood 

Cohen-Mansfield Agitation 

Inventory, Short Form (CMAI) 

Cornell Scale for Depression 

in Dementia (CSDD), 

Apathy Inventory 

Significant increase in activity 

counts in IG compared with 

CG at 6 mth 

Significant increase in 

moderate PA in IG at 6 mth 

Falls- significant decrease in 

the number of residents 

sustaining falls in IG vs. CG 

(28% of participants in the IG 

fell vs. 50% of participants in 

the CG) 

No significant improvement 

in any of the psychosocial 

outcomes (i.e. behaviour and 

less apathy). 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Kerse et al., 2008 

Cluster RCT: 41 

facilities 

IG 330 Individualised 

Functional performance 

(ADL) programme 

supervised by 

gerontology nurse and 

delivered by trained care 

staff: 

The resident set a goal to 

promote PA. The nurse 

designed an 

individualised 

programme of PAs 

based on ADLs (daily or 

several times a day). The 

nurse trained healthcare 

assistants to implement 

the plan and provided 

ongoing support.  

Daily  Not 

reported 

6 mth Functional performance 

(ADL) measures 

Late Life Function and 

Disability Instrument (LLFDI) 

Physical capacity measures 

TUG  

Elderly Mobility Scale (EMS)  

Balance: FICSIT 4-point 

balance test 

Mood related 

Geriatric depression scale 

(GDS) 

Quality of life 

Life Satisfaction Index  

Perceived health status 

EuroQoL  

Falls, risk and fear of falling 

Fear of falling questionnaire 

The programme had no 

impact overall. 

In residents with cognitive 

impairment, the likelihood of 

depression increased in the 

intervention group. No other 

outcomes differed between 

groups. 

CG 352 Received usual care and 

were offered 2 social 

visits 

Lazowski et al, 1999 

RCT: 5 facilities 

IG 55 “Functional fitness for 

long-term care’ group 

programme: walking, 

strengthening and 

balance exercises, 

tailored to meet each of 

the 2 groups (high 

mobility- <20s TUG 

score/and low mobility 

>20 s TUG score), 

conducted by recreation 

staff  

3 45 4 mth Functional performance 

(ADL) measures 

Functional Index Measure 

(FIM) 

Physical capacity measures 

TUG  

  

Stair climbing power  

Gait speed over 7 metres (self-

selected normal pace, and fast 

pace) Muscle power: lower 

Significant improvements for 

IG compared with CG for  

TUG scores 

BBS scores 

Lower limb flexibility (sit and 

reach)  

Knee and hip strength 

 

No change in stair climbing 

power 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

CG 41 Seated exercise to 

improve range of 

movement (fingers, 

hands, arms, knees, 

ankles), relaxation, 

vocal exercise, and 

word/memory games 

extremity strength, total hip 

strength, upper extremity 

strength, isometric strength 

(elbow flexion; shoulder 

abduction; knee extension; hip 

ab/adduction, 

flexion/extension), hand grip 

strength, isotonic strength of 

knee extensors 

Balance: BBS 

Flexibility: ‘Sit-and-reach’ test 

(modified), upper body 

flexibility (Leighton 

flexometer) 

  

McMurdo 1994 

Cluster RCT 

4 facilities 

IG 20 Seated group exercise to 

music, number of 

repetitions and gravity 

resisted exercises were 

increased over the study, 

group format, 

supervised. 

2 45 6 mth Physical capacity measures 

TUG 

Step test 

Reaction Time 

Muscle power: quadriceps 

muscle strength 

Cognition 

Mini Mental State 

Examination (MMSE) 

 

Quadriceps strength 

significantly better in IG 

compared with CG (p<0.01) 

No significant difference 

between groups for step test 

No significant change in 

cognition (MMSE) or reaction 

time CG 29 Reminiscence therapy 

designed to prompt 

social interaction and 

group discussion 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Peri et al., 2008 

Cluster RCT 

IG 73 ADL programme: Goal 

setting PA programme 

with gerontology nurse 

and care staff education 

to implement 

Goal setting phase - goal 

encompassing physical 

functionality set with the 

resident (e.g. gardening, 

attending community-

based senior citizens 

club) 

Development of 

Promoting Independent 

Plan (PIP): based on 

assessment, a 

prescriptive activity 

programme tailored to 

meet the identified goal. 

Activities designed to 

increase strength, 

balance, and endurance 

through increased 

ADLs. Repetitive 

activities included bed 

mobility, sitting to 

standing, and transfers. 

Longer walking routes 

 

Daily n/a 6 mth 

6 mth 

Follow up 

 

Physical capacity measures 

Elderly Mobility Scale (EMS)  

Health status:  

SF-36 Physical Function 

Falls, risk and fear of falling: 

falls reported 

Quality of life:  

Life Satisfaction Index  

Perceived health status: SF-36 

Mental Health 

 

No difference between IG and 

CG for TUG test or EMS at 

trial completion or at follow 

up. 

SF-36 Physical Function 

(health status) component 

significantly better in IG 

compared with CG at 6 mth 

No difference in Life 

Satisfaction Index scores 

between groups 

 

CG 76 



59 

Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Rosendahl et al., 

2006 

Cluster RCT: 9 

facilities 

2x2 factorial design 

of exercise +/- 

protein enriched 

supplement: 

IG-Exercise + protein 

drink:  

IG-Exercise + 

placebo drink:  

IG-Control + protein 

drink:  

CG-Control + 

placebo drink:  

Moderate dementia 

MMSE 17.8 ± 5.1 

IG 46 High intensity functional 

exercise programme 

(HIFE)+/- protein 

enriched supplement:  

HIFE: functional 

exercises consisting of 

everyday tasks 

challenging leg strength, 

postural stability, and 

gait ability; exercises 

selected for each 

participant according to 

their deficits; all 

performed in weight 

bearing positions; 

encouraged to exercise 

at high intensity and to 

increase load and 

difficulty progressively 

5 45 3 mth 

3 mth 

follow up 

Functional performance 

(ADL) measures 

BI 

Falls: falls (any episodes for 

participant), fall rate (falls per 

person years) 

Physical capacity  

Modified Chair Stand  

gait speed (self-paced) 2.4 

metres, gait speed (maximum) 

2.4 metres 

Muscle power (anaerobic): 

lower limb strength (1 

repetition-maximum) 

Balance: BBS 

 

No change in ADL BI scores 

 

Gait speed – self paced – 

significantly better in IG than 

CG at 3 mth (mean difference 

0.04 m/s)  

 

Muscle power- Lower limb 

strength (1 repetition 

maximum) significantly better 

in IG than CG 

 

No effect of protein drink 

IG 45 

IG 50 

CG 50 Activities while sitting 

watching films, reading, 

singing, and conversing; 

groups of 3 to 9 

participants 

Resnick et al., 2009 

Cluster RCT: 12 

facilities 

Mild-moderate 

dementia 

MMSE 20.4 ±5.3 

 

IG 256 “Res-Care” - a two-

tiered self-efficacy-

based intervention 

focussed on motivating 

nursing assistants and 

residents to engage in 

functional and physical 

activities. 

N/A N/A 12 mth Functional performance 

(ADL) measures 

BI  

Physical capacity  

Tinetti Gait and Balance, 

Grip strength 

Cognition and mood 

Dementia Quality-of-Life 

Scale,  

Self-efficacy 

Significant improvements for 

Tinetti Mobility Score and its 

gait and balance sub scores at 

4 mth 

Significant effects for BI for 

changes for walking, bathing, 

and stair climbing for IG 

compared with CG. No 

significant change in overall 

BI score. 
CG 231 A single in-service 

program on managing 

difficult behaviours. 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

CG n/s     Self-Efficacy for Functional 

Ability scale  

Outcome Expectations for 

Functional Ability scale 

There was no significant 

difference over time between 

groups with regard to 

contractures, grip strength, 

quality of life, self-efficacy, 

or outcome expectations. 

Rolland et al., 2007 

RCT: 5 facilities 

Mild to severe 

Alzheimer’s disease 

MMSE 8.8± 6.6 

IG 67 Walking and exercise 

programme: 

Personalised walk, 

strength, balance, and 

flexibility training to 

music: A walking route 

was established around 

each home passing all 

participants’ rooms. 

Participants were paired 

and encouraged to walk 

fast enough to become 

somewhat breathless. 

Around the trail were 

stations for strength, 

balance, and flexibility 

training. Strength 

training included squats, 

heel raises and leg lifts; 

balance training 

involved 1 or 2 leg 

balance exercises and a 

small step test with 

cones and hoops; 

flexibility training 

involved repetition of 

demonstrated exercises 

2 60 12 mth Functional performance 

(ADL) measures 

Katz ADL Scale  

Physical capacity  

TUG 

6 m walk (speed m/s) 

One-leg balance test  

Mood related:  

Depression Montgomery-

Assberg Depression Rating 

Scale; (MADRS) 

Psychiatric status: 

Neuropsychiatric Inventory 

(NPI)  

Katz ADL mean change from 

baseline score for IG showed 

a slower decline than in CG 

patients receiving routine care 

(p< 0.05) 

A significant difference 

between the groups in favour 

of the IG was observed for 6-

m walking speed  

No effect observed for 

behavioural disturbance, 

depression 

In the IG programme 

attendance  

change in ability to perform 

ADLs.  

CG 67 Usual care 



61 

Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Sackley (2006) 

Cluster RCT: 12 

facilities 

Residents with stroke 

IG 63 Occupational therapy 

provided to individuals 

and included carer 

education. Targeted at 

improving independence 

in BADLs, frequency 

and duration dependent 

on resident’s and 

therapist’s agreed goals, 

Intervention group given 

interview of 1 hour to 

establish functional 

ability and agree goals 

As 

required 

As required 3 mth 

And 3 mth 

follow up 

 

Functional performance 

(ADL) measures 

RMI 

BI 

Death and physical 

deterioration (chronic): 

Global poor outcome 

(deterioration in BI or death) 

RMI trend better in IG but not 

significantly different from 

CG. 

BI trend better in IG 

compared with CG (p=0.07). 

Between group difference at 3 

mth 1.5 (95% CI -0.5 to 3)  

Global poor outcome 

significantly better in IG 

compared to CG at 3 mth and 

at 6 mth follow up 

Difference between groups 

(95% CI) at 3 mth -25 (-51 to 

1)  CG 55 Usual care 

Sackley et al., 2008 

Cluster RCT: 6 

facilities 

 

A phase II 

exploratory trial 

 

IG 17 Group mobility training.  

Participants encouraged 

to walk or wheel to 

class. They practised 

task-related training of 

functional ADLs (e.g. sit 

to stand) strength, 

balance, endurance, and 

flexibility exercises. 

Music played during the 

class, and exercises were 

fun, making use of 

balloons and balls 

2 60 4 Functional performance 

(ADL) measures 

RMI 

Continence 

Continence (urodynamic 

questionnaire)  

RMI scores were better in the 

IG (baseline: 6.1, six weeks: 

6.2) compared with controls 

(baseline: 5.9, six weeks: 

4.75). 

No stats analysis 

Continence improved in the 

IG 

CG 17 Usual care 
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Sackley et al., 2009 

Cluster RCT: 24 

facilities 

Mild –moderate 

dementia 

MMSE <21 (67%) 

 

IG 128  Physiotherapy (PT) and 

occupational therapy 

(OT) intervention: 

PT to enhance mobility 

and ability to perform 

ADLs independently 

through practising 

functional tasks and 

therapy for components 

(e.g. flexibility, 

balance). Customised to 

the individual 

OT to increase 

independence in ADL 

through routine 

assessment, treatment, 

and reassessment. Staff 

were trained in 

promoting independence 

and use of therapeutic 

aids 

n/s n/s 3 Functional performance 

(ADL) measures 

RMI 

BI 

Physical Capacity 

TUG test  

Mood 

The hospital anxiety and 

depression scale (HADS) 

depression subscale. OR 

Stroke aphasic depression 

questionnaire completed by a 

proxy for those unable to 

complete Residents unable to 

complete the HADS scale 

because of cognitive 

impairment or illness 

 

No significant effect of 

programme RMI and BI 

scores   

BI score (mean effect 0.54, 

95% confidence interval 

−0.69 to 1.77; P=0.37) or 

RMI score (mean effect 1.11, 

−0.14 to 2.36; P=0.078 

Unable to analyse TUG 

because of missing data 

(participants unable to 

complete test) 

The intervention was well 

tolerated  

The variation in residents’ 

functional ability, the 

prevalence of cognitive 

impairment, and the 

prevalence of depression were 

considerably higher than 

expected on the basis of 

previous work. 

CG 121  Usual care      
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Author 

Study design 

Participant 

characteristics 

Group and 

group size 

Exercise 

description 
Classes per week 

Class 

duration 

(min) 

Duration 
Outcome 

measures  
Summary findings  

Schoenfelder & 

Rubenstein, (2004) 

RCT 

IG 42 Progressive resistance 

calf raises (10–15) with 

weights as able and 

walking program up to 

10 minutes’ duration 

Group size not stated 

3 15–20 min 12 wks. 

Follow up 

12 wks. 

Physical Capacity 

6 m walk test 

Balance: parallel stand 

Semi tandem stand 

Tandem stand 

 

Improved walking speed and 

balance 

Well received 

CG 39 Attention placebo – 

visited weekly by same 

research team member 

who conducted the 

exercise programme, 

devoted 30 minutes to 

an activity e.g. book 

reading or ‘friendly 

visiting’ 

Abbreviations: IG, Intervention group; CG, control group; RCT, randomised controlled trial; min, minutes; mth, months; wks., weeks; RMI, Rivermead Mobility Index; Barthel Index, BI; 

MMSE, mini mental state examination; ADL, activities of daily living  
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Chapter 2: VALIDATION OF A BODY-WORN ACCELEROMETER TO 

MEASURE ACTIVITY PATTERNS IN OCTOGENARIANS 

2.1 INTRODUCTION TO PUBLICATION 

This chapter includes content from a publication, entitled “Validation of a body-worn accelerometer 

to measure activity patterns in octogenarians” (Taylor et al., 2014).  

It addresses the first aim of the thesis, which was to characterise the physical activity patterns of older 

people living in aged-care using an objective measure of physical activity. Accelerometers are suited 

to measuring habitual (free-living) activity; however, their accuracy can be compromised in older 

people who move slowly. To date, no study has validated an accelerometer for use in octogenarians. 

This is the average age of those in residential aged-care.  Therefore, this study was conducted to 

measure the accuracy of a body-worn accelerometer, for future use in describing physical activity 

behaviours in aged-care residents. 

Author contribution 

The candidate developed the research question, recruited participants, conducted the measurement 

and data analysis and wrote the paper. Jochen Klenk provided data analysis support, critical review 

and contribution to the manuscript. Alistair Maney contributed to data collection and analysis. Ngaire 

Kerse, Bruce MacDonald and Ralph Maddison provided critical review and comment on the 

manuscript. 

Authors 

Lynne M. Taylor, MSc,1 Jochen Klenk, PhD,2,3 Alistair J. Maney,4 Ngaire Kerse, PhD, MBChB,5 

Bruce M. MacDonald, PhD,6 Ralph Maddison, PhD1 

1. National Institute of Health Innovation, Faculty of Medical and Health Sciences, University of 

Auckland, New Zealand 

2. Institute of Epidemiology and Medical Biometry, Ulm University, Ulm, Germany   

3. Department of Clinical Gerontology, Robert-Bosch Hospital, Stuttgart, Germany 
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4. School of Rehabilitation and Occupation Studies, AUT University, Auckland, New Zealand  

5. Department of General Practice and Primary Health Care, Faculty of Medical and Health 

Sciences, University of Auckland, New Zealand 

6. Department of Computer and Electrical Engineering, Faculty of Engineering, University of 

Auckland, New Zealand 

Ethical approval 

Ethical approval for the study was granted by the University of Auckland Ethics Committee 

Reference 7461. 

2.2 ABSTRACT 

Objective:  To determine the validity of a triaxial body-worn accelerometer for detection of gait and 

postures in people aged over 80 years. 

Design: Participants performed a range of activities (sitting, lying, walking and standing) in both a 

standardised and home setting while wearing the accelerometer. Activities in the standardised setting 

were performed in a scripted sequence. Activities in the home setting were performed in an unscripted 

manner.  Analysed accelerometer data were compared against video observation as the reference 

measure.  

Setting:  Independent-living and long-term care retirement village. 

Participants:  Older people (n=22; mean age ± SD, 88.1± 5 y), residing in long-term and 

independent-living retirement facilities. 

Interventions: Not applicable. 

Main Outcome Measures:  The level of agreement between video observation and the accelerometer 

for the total duration of each activity; and second-by-second correspondence between video 

observation and the accelerometer for each activity.   
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Results:  The median absolute percentage errors between video observation and the accelerometer 

were <1 % for locomotion and lying. The absolute percentage errors were higher for sitting (median, 

IQR, -22.3%, -62.8 to 10.7%) and standing (median, IQR, 24.7%, -7.3 to 39.6%).  A second by 

second analysis between video observation and the accelerometer found an overall agreement of 

≥85% for all activities except standing (median, IQR 56.1%, 34.8 to 81.2%).  

Conclusion: This single device accelerometer provides a valid measure of lying and locomotion in 

people aged over 80 yrs. There is an error of approximately 25% when discriminating sitting from 

standing postures, which needs to be taken into account when monitoring longer term habitual 

activity in this age group.  

2.3 INTRODUCTION 

Participation in regular physical activity is associated with better cardio- metabolic and physical 

function in older people (Hirvensalo, Rantanen, & Heikkinen, 2000; Singh, 2002) and forms the basis 

of rehabilitation programs designed to address physical decline and disability (Cameron et al., 2012; 

Forster et al., 2009; Howe, Rochester, Jackson, Banks, & Balair, 2007). Habitual (physical activity 

may be monitored over time using body worn, motion-sensing devices, which record positional 

change and motion. These devices can be used to describe habitual active and sedentary behaviour in 

older people and to explore the characteristics that contribute to this behaviour (Lord et al., 2011; 

Nicolai et al., 2010; Rapp et al., 2012; Zalewski et al., 2009).  

The accuracy of activity recognition by accelerometry is dependent upon the algorithm used to 

analyse the acceleration patterns. However, the accuracy of the accelerometer algorithm for 

classifying postures and gait can be compromised in older people who move more slowly, shuffle and 

pause while walking (Grant et al., 2010; Taraldsen et al., 2011).  A limited number of studies have 

assessed the accuracy of accelerometer algorithms for detection of postures and gait in people over 70 

years of age (Brown et al., 2008; Choquette et al., 2008; Culhane et al., 2004; Dalton et al., 2007; 

Grant et al., 2008; Lyons et al., 2005; Taraldsen et al., 2011).  
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The Dynaport MoveMonitor (McRoberts BV,  The Hague, The Netherlands) accelerometer has 

previously been validated in people with Parkinson’s Disease (Dijkstra, Kamsma, & Zijlstra, 2010b) 

pulmonary disease (Langer et al., 2009), and healthy adults (mean age 68.5 yr) (Dijkstra, Kamsma, & 

Zijlstra, 2010a). Whether it can be used to detect movement patterns in the very old has yet to be 

established. Therefore, the aim of this study was to evaluate the validity of the Dynaport 

MoveMonitor system for detection of gait and postures (sitting, lying, and standing) in people aged 

80 years or over, using video observation as the reference measure.  

2.4 METHODS 

2.4.1 Participants 

Twenty-two people (mean age ± SD, 88.1 ± 5 yr) from two retirement villages volunteered to 

participate (Table 2.1). Eligible participants were aged 80 years or over, living in either independent 

or in long-term care (nursing home) facilities at the retirement village, and were able to transfer and 

walk independently with or without a walking aid. Ethical approval for the study was granted by the 

University of Auckland Ethics Committee. All participants gave written informed consent prior to 

commencement.  

Table 2.1: Participant Characteristics 

  Total (n=22) Long-term care (n=7) Independent (n=15) 

Age (y) 88.1 ± 5.0 88.3 ± 5.3 87.9 ± 5.1 

Sex (M:F) 4:18 1:6 3:11 

Walking aids (n) 11 6 5 

Height (m) 1.63 ± 0.1 1.62 ± 0.1 1.63 ± 0.1 

Weight (kg) 62.7 ± 13.3 59.9 ± 10.7 63.9 ± 5.1 

BMI (kg/m2) 23.5 ± 3.5 22.8 ± 3.5 23.9 ± 3.6 

TUG score (s) 20 ± 10.8 24 ± 7.0 18.6 ± 12 

Note. Values expressed as mean ± SD. 

Abbreviations: F, female; M, male; BMI, Body-Mass Index; TUG, Timed Up and Go 

2.4.2 Procedure 

The DynaPort MoveMonitor (length 84 x 50 x 8 mm; weight 44.5 g) is a triaxial accelerometer 

sampling at 100 Hz with a range of ±6 g. The device was fixed with an elastic belt around each 

participant’s waist, positioned on the lower back above the posterior superior iliac spines.  The device 
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was synchronised with the computer clock prior to use and accelerometer data stored on a micro SD 

card.  

Participants completed two activity tasks while wearing the device. In the first task, participants 

completed a sequence of scripted activities in a controlled setting within the retirement village: (i) a 

Timed Up and Go test at their usual walking pace (Podsiadlo & Richardson, 1991); (ii) a 4.5 m walk 

and lie down on a bed for ≥30 s (iii) rise from lying and stand for ≥30 s, (iv) walk back to the chair 

and sit down. The sequence was performed twice, taking four-six minutes in total to complete. In the 

second task, the same participants were asked to move about freely, walking, sitting, standing and 

lying down in a random sequence for between 5–9 min within their own home environment. 

Instruction was limited to ensuring activities were performed in their normal manner. 

Both tasks were recorded using a hand-held digital video camera (Sony Handycam, HDR-SR5) which 

was synchronised with the accelerometer.  

2.4.3 Data management 

Accelerometer data were uploaded to the supplier’s website (http://www.mcroberts.nl) for blinded 

analysis. The completed analysis was returned as a “comma-separated-value” file, which identified 

the start and end times, and the duration of five activity categories: sitting, lying, standing, shuffling 

and locomotion. A description of the algorithm used to define these activity categories is available in 

Dijkstra et al. (2010a).   

For video analysis, the observer allocated each second of the participant’s activity to one of the 

following categories: sitting, lying, standing and locomotion. The definitions used to allocate activity 

categories by the observer were consistent with previous validation studies of this accelerometer in 

adults and people with Parkinson’s disease (Dijkstra et al., 2010a, 2010b). 

The results of the accelerometer-based and video-based categorisation were then reformatted into a 

Microsoft Excel 2010 worksheet using a program designed in MATLAB 7.1 to enable a line-by-line, 

second-by-second comparison.  

All statistical analysis and graphs were completed using SPSS V18.0 and Microsoft Excel 2010.  

http://www.mcroberts.nl/
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To determine the reliability of the observer analysis, video footage randomly selected from 10 

participants was independently analysed by two investigators.  The inter rater ICC values (average 

measures) for sitting, standing, locomotion and lying were 0.99, 0.98, 0.94 and 0.99 respectively.  

Based on the strong correlation values, the remaining video analysis was completed by one 

investigator.  

Agreement between the video observation and the Dynaport MoveMonitor was evaluated using two 

methods. In the first method, limits of agreement between the total duration of each activity recorded 

by video observation and by the Dynaport MoveMonitor was assessed using  Bland-Altman diagrams 

(Bland & Altman, 1986) modified as described by Krouwer (2008). 

The absolute percentage error for each activity was calculated as the difference between the 

accelerometer and video observation duration divided by video observation duration. 

In the second method, data from video observation and the accelerometer were compared on a second 

by-second basis and sensitivity, specificity and percentage overall agreement were calculated 

(Dijkstra et al., 2010a, 2010b; Grant, Ryan, Tigbe, & Granat, 2006). Sensitivity described the degree 

to which each observed activity category (sitting, lying, standing, and gait) was correctly detected by 

the accelerometer (true positives). Specificity described the degree to which the accelerometer 

correctly ruled out activities other than that observed (true negatives) for each participant.  

Overall agreement for each activity was defined as total duration that the video observation and the 

accelerometer corresponded for each activity divided by the total duration each activity was observed 

on video, expressed as a percentage.  

2.5 RESULTS 

A total of 251.30 min of activity were analysed from 22 participants (Table 2.2).  One participant did 

not complete the scripted activities and four participants did not perform the lying component of the 

scripted activities.  

  



 

70 

Table 2.2: Time Spent in Each Activity Based on Video Observation for Scripted and Unscripted tasks  

Activity Scripted Unscripted Total 

 

Mean 

duration 

Total 

duration 

Mean 

duration 

Total 

duration 

Mean 

duration 

Total 

duration 

Sit (s) 90.6 ± 21.2 1,902.0 90.6 ± 47.5 1,994.0 177.1 ± 53.9 3,896.0 

Stand (s) 79.2 ± 15.7 1,663.0 89.5 ± 44.4 1,970.0 165.1 ± 48.0 3,633.0 

Locomotion (s) 68.3 ± 23.1 1,434.0 142.6 ± 71.4 3,137.0 207.8 ± 81.5 4,571.0 

Lie (s) 75.8 ± 39.7 1,592.0 65.8 ± 21.3 1,448.0 138.2 ± 41.3 3,040.0 

Note. Values expressed as mean ± SD. 

For unscripted activities n=22. For scripted sitting, standing, locomotion n=21. For scripted lying n=17 

Bland-Altman plots with mean differences and limits of agreement (LOA) for each activity are shown 

in Figure 2.1. When expressed as an absolute percentage error (APE), the APE median (IQR) for each 

activity was:  sitting -22.3% (-62.8 to 10.7%); standing 24.7% (-7.3 to 39.6%); locomotion 0.2% (-4.3 

to 14.0%); lying 0.3% (-4.2 to 21.4%).  

Sensitivity, specificity and percentage overall agreement are shown in Table 2.3. Sensitivity and 

specificity scores were >85% for locomotion and lying for both scripted and unscripted activities. 

Standing had the lowest sensitivity in unscripted activities. Sitting had the lowest sensitivity in 

scripted activities. When misclassified activities were analysed further, it was found that standing was 

incorrectly classified as sitting for 28.1% of scripted and 45.6% of the unscripted total standing time. 

Sitting was misclassified as standing for 14.9 % and 5.3% of the total sitting time for the scripted and 

unscripted tasks, respectively. 

With the exception of standing (56.1%), overall agreement ranged between 85.2 to 98.0% for 

activities (Table 2.3).  
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Figure 2.1. Bland-Altman Plots of agreement for activity duration between video observation and sensor 

detection for individual activities.   

Note. Individual activities are sitting, standing, locomotion and lying. Points represent the combined duration for each 

activity from scripted and unscripted tasks for each participant. Duration is expressed in seconds (n=22). 

 

 

Table 2.3: Percentage Sensitivity, Specificity and Overall Agreement for Each Activity  

Activity 
Sensitivity Specificity Overall 

agreement Scripted Unscripted Scripted Unscripted 

Sitting 77.6 (62.6-88.6) 94.5 (91.1-97.0) 94.5 (65.6-99.2) 81.4 (78.1-98.8) 85.2 (78.7-91.5) 

Standing 81.9 (42.0-94.9) 38.6 (10.7-86.2) 91.1 (88.8-96.5) 96.8 (91.9-98.4) 56.1 (34.8-81.2) 

Locomotion 87.5 (77.3-92.3) 92.2 (84.2-97.3) 96.2 (93.3-98.0) 97.1 (96.3-99.1) 89.9 (80.8-94.7) 

Lying 99.1 (58.7-100) 100 (97.9-100) 98.5 (96.7-98.8) 99.2 (99.0-100) 98.0 (73.8-100) 

Note. Values are expressed as the median (IQR) 

For unscripted activities n=22. For scripted sitting, standing, locomotion n=21. For scripted lying n=17. Overall agreement 

n=22 

2.6 DISCUSSION 

This study assessed validity of the Dynaport MoveMonitor system for detection of gait and postures 

in older people in a standardised and a home setting.  There was close agreement between video 
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observation and the accelerometer for both locomotion and lying, with an absolute percentage error of 

<1% for these activities. Since the slow gait speed of older people can result in misclassification of 

walking as standing, or the underestimation of step counts when using pedometers or accelerometers 

(de Bruin et al., 2008; Taraldsen et al., 2011), we considered this level of agreement, particularly for 

locomotion in frail elderly, as very good. Levels of agreement for sitting and standing showed a wider 

variation. The Bland-Altman plots indicated that the accelerometer may have over reported sitting and 

under reported standing postures, although there was considerable variation in the percentage error 

between individuals for these postures. 

The sensitivity and specificity values were high (over 85%) for lying and locomotion but less for 

standing and sitting. These are comparable to values previously reported for the Dynaport 

MoveMonitor in people with Parkinson’s disease and community-dwelling adults (Dijkstra et al., 

2010a, 2010b). We found that standing was sometimes misclassified as sitting and likewise sitting 

was sometimes misclassified as standing. Although there is still question on which accelerometer 

variables are most relevant (Taraldsen et al., 2012), accurate classification of time spent standing 

maybe important for the older person, who while not highly ambulatory, may still be able maintain a 

level of activity and independence by standing.  

The benefit of this type of accelerometer is the ability to measure activity patterns, which offers a 

more meaningful description of a person’s activity levels than simply reporting volumes of activity, 

such as daily step counts or energy expenditure (Taraldsen et al., 2012). However, using a 

commercial accelerometer for research, where the raw data is not accessible and the algorithm is not 

known, limits the interpretation of the acceleration data. 

The scripted test protocol deserves consideration. This involved several short bouts of activity 

interspersed with transitions between sitting, standing, locomotion and lying.  While transitions could 

be considered a separate activity, we allocated them to the preceding or following activity to replicate 

the accelerometer’s  algorithm (Dijkstra et al., 2010a).  This may have introduced discrepancies 

between the accelerometer and the observer’s activity allocations. Studies that have used a similar 

scripted test protocol have also noted an increased error when testing short activity bouts (Dijkstra et 
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al., 2010b; Grant et al., 2006; Taraldsen et al., 2011). In real life, transitions are less common and the 

duration of activity bouts, especially inactivity, are longer.  Therefore, the unscripted test protocol 

might better reflect the accelerometer’s validity for everyday activity recognition than the short 

activity bouts used in the scripted test protocol.  

2.6.1 Conclusion 

The Dynaport MoveMonitor provides a precise measure of lying and locomotion in people over aged 

over 80 years including frail elderly, although there is an error of approximately 25% when 

discriminating sitting from standing postures. This needs to be considered when monitoring long-term 

habitual activity in this age group. 
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Chapter 3: HABITUAL ACTIVITY PATTERNS OF OLDER PEOPLE 

LIVING IN RESIDENTIAL AGED-CARE 

3.1 INTRODUCTION  

This chapter describes the habitual activity and sedentary behaviours of aged-care residents measured 

using body-worn accelerometers, which were validated for use in older people as described in the 

previous chapter. This study was nested within the RCT of active video games discussed in Chapter 6. 

Data for this study were derived from residents who were randomised to the control group of this 

RCT.  

There is very little information on the physical activity behaviours aged-care residents. What 

information that is available is derived from a small number of studies that have used self-report 

(Koltyn, 2001; Król-Zielińska et al., 2011), direct observation over short time periods (Ice, 2002; 

MacRae et al., 1996), and one accelerometry study (Egerton & Brauer, 2009). As such, the 

observational study described in this chapter was undertaken to address this gap in the current 

literature. It addresses the first aim of this thesis, which was to characterise the habitual activity and 

sedentary behaviour patterns of older people living in long-term residential aged-care. 

Author contribution 

The candidate developed the research question, study design and ethics approval. She contributed to 

data collection, completed the data analysis, and wrote the paper for publication. Ngaire Kerse 

provided critical review and comment on the manuscript. Tara Frakking (The University of 

Groningen, The Netherlands) contributed to data collection. Ralph Maddison provided critical review 

and comment on the manuscript. 

Ethical approval 

Ethical approval for the study was granted by The University of Auckland Ethics Committee (Ref: 

010801).  
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3.2 ABSTRACT  

Objective: To describe the habitual activity levels and activity patterns of older people living in 

residential aged-care using body-worn accelerometry.  

Design:  Accelerometer data collected at three time periods over eight weeks were used to calculate 

the duration of time spent upright and sedentary. Cognitive status (Abbreviated Mental Test Status), 

and physical capacity (Timed Up and Go and the de Morton Mobility Index) were also assessed.  

Participants: Participants (n=30) were older people (84.90 ± 6.16 yr) living in residential aged-care 

facilities. 

Results: Participants spent most of their waking day sitting or lying down (8 hr 31 min ± 40 min per 

10 hr measured). Over 50% of all upright (standing and walking) bouts were less than 10 minutes’ in 

duration.  Increasing age was inversely related to upright time (β = -0.44, p<0.05). No correlation was 

found between upright time and cognition and physical capacity (mobility) measures. 

Conclusions: Activity levels in aged-care residents are low and residents spend protracted periods of 

time sedentary. The lack of association between habitual activity levels and measures of cognition 

and physical capacity, suggests that aged-care resident’s habitual activity levels are influenced by 

factors other than physical capacity or cognitive function. Based on the activity patterns identified, 

encouraging more short bouts of upright activity into care routines, individual or group activities may 

be an acceptable way to increase activity time in aged-care residents. 
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3.3 INTRODUCTION 

Maintaining the mobility of older people living in aged-care may assist these older people to retain a 

level of functional independence (Singh, 2002).  Recent systematic reviews indicate that physical 

activity programmes can minimise the decline or improve physical function of long-term aged-care 

residents (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011). 

Accelerometer devices, which measure activity objectively (rather than self-report) are the preferred 

method of measuring the types of low level activities that older people do (Shephard, 2003). The 

accelerometer data can be used to categorise the body postures and movements of walking, sitting, 

lying and standing.  

While accelerometry has been used to comprehensively measure the habitual activity levels of 

community-dwelling older people (Aoyagi & Shephard, 2010; Davis & Fox, 2007; Shah, Buchman, 

Leurgans, Boyle, & Bennett, 2012), there are few objective data on the activity of older people living 

in residential aged-care (Chin A Paw, van Poppel, & van Mechelen, 2006; Egerton & Brauer, 2009) 

and acute-care environments (Benzinger et al., 2013; Cheung, Salih, Crouch, Karunanithi, & Gray, 

2012; Grant et al., 2010). Short term direct observation of nursing home residents described residents 

as inactive for between 83% (MacRae et al., 1996) to over 90% of the waking day (Ice, 2002).  

However, encouraging physical activity in older people in aged-care, including those with impaired 

mobility maybe beneficial. Prospective data from older people with impaired mobility showed that 

those who were physically active were at lower risk of further disability and mortality than those who 

were inactive (Hirvensalo et al., 2000). The inability to perform activities of daily living increases the 

burden on both the individual and caregivers. Further, not only continuing but also initiating physical 

activity in older age (70–85 yr), is associated with better survival and function (Stessman et al., 2009).  

The higher levels of physical and cognitive impairment of older people in aged-care compared with 

community-dwellers may account for their inactivity (Boyd et al., 2011; Kolanowski et al., 2006). 

Environmental factors may also be important, such as staff undertaking the domestic tasks 
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(Kalinowski et al., 2012; Ruuskanen & Parkatti, 1994), which would otherwise contribute to an older 

person’s daily activity (Bennett, 1998; Lawlor et al., 2002; Y.-S. Lee, 2005).  

On this basis, the purpose of this study was to describe the levels and habitual activity patterns of 

older people living in residential aged-care. We aimed to quantify patterns of upright (standing and 

walking) and sedentary (sitting and lying) behaviours during the waking day using accelerometry. We 

also sought to determine whether variables of cognition, age and physical capacity were associated 

with total daily upright time and activity patterns.   

3.4 METHODS 

The study was nested within a RCT of active video games for the purpose of improving mobility in 

aged-care residents. This paper reports on the activity levels of only those participants allocated to no 

intervention. The trial was registered with the Australian New Zealand Clinical Trials Registry (trial 

registration number ACTRN12614000116628).  Participants  

Participants were recruited from six residential aged-care facilities in Auckland, New Zealand that 

had consented to take part. Residents, identified by facility staff as eligible, were invited to participate 

by the study investigator.  Eligible participants were aged-care residents aged 65 years or over, who 

could mobilise independently with or without a walking aid and understand simple instructions. 

Exclusion criteria were any unstable medical, orthopaedic or neurological condition that would 

preclude testing e.g. acute febrile illness, unstable or acute heart failure. Aged-care residents are those 

with deficits in Instrumental Activities of Daily Living; and are similar to those facilities termed 

residential facilities in the United Kingdom, assisted living in the United States and Hostels in 

Australia. Ethical approval for the study was granted by the University of Auckland Ethics 

Committee. Written informed consent was obtained from each facility and from all participants prior 

to study commencement. 

3.4.1 Demographic measures 

Participants’ age, gender, weight and height and use of walking aids, were recorded.  Cognitive status, 

and mobility were measured using the Abbreviated Mental Test Status (AMTS) (Hodkinson, 1972), 
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the Timed Up and Go (TUG) (Podsiadlo & Richardson, 1991) and the de Morton Mobility Index  

(DEMMI) (de Morton, Davidson, et al., 2008) completed by a trained study investigator using 

standardised techniques. 

3.4.2 Instrument 

Activity levels and patterns were measured using a triaxial accelerometer (Dynaport MoveMonitor, 

McRoberts, The Hague), worn on the lower back secured with an elastic belt, according to 

manufacturer’s instructions.  This device has previously been validated for use in people aged over 80 

years (Taylor et al., 2014). 

The device was worn for three consecutive days between Monday and Friday, over three separate 

time periods: baseline, at four weeks and at eight weeks (T0, T1 and T2). Participants were asked to 

wear the device during all waking hours except when bathing and for sleeping at night. A study 

investigator checked that the device was worn correctly each morning.  

After time period recording was complete, accelerometer data were uploaded as a file to the supplier’s 

website for analysis, which identified five activity categories: sitting, lying, standing, shuffling and 

locomotion, as well as ‘not worn’. The file listed the start and end times, the duration, and the type of 

activity. These activities were then grouped into two categories, defined as non-sedentary or ‘upright 

time’ (standing, shuffling and locomotion) and ‘sedentary time’ (sitting and lying).  

Individual data files were checked for any aberrant activity periods, for example lying for an 

excessive time period, which might indicate the device was not worn correctly. In this case, data were 

excluded from analysis. If a participant did not wear the device for all time periods, the time period(s) 

recorded were analysed.  

3.4.3 Data processing 

For each participant, total upright time (standing, shuffling and walking) and total sedentary time 

(sitting and lying down) for every hour of recorded daily time between 10 a.m. and 8 p.m. was 

calculated for each of the three-day periods. This was expressed as a percentage of the total time 

recorded.  



 

79 

To describe upright and sedentary behaviours, each upright and sedentary bout was defined as an 

event. For each participant, the length of each upright and sedentary event for the monitored period, 

was grouped into a time category: <5 min, 5–10 min, 10–20 min, 20–30 min, 30–40 min, 40–50 min, 

50–60 min or > 60 min. Then for each participant, the time spent upright in each of these time 

categories was expressed as a percentage of the total time upright time for the monitored period. The 

same procedure was repeated for sedentary time (sitting and lying).  

To describe activity patterns, the time each participant spent upright (standing, shuffling and walking) 

for each hour of the day between 10 a.m. and 8 p.m. was calculated.   

3.4.4 Data analysis 

Data from participants who had completed at least one of the three monitoring periods were included 

for analysis. For participants who completed all three monitoring periods, two one-way repeated 

measures analyses of variance (ANOVA) were performed to determine whether there were 

differences in time spent upright or sedentary between the three time periods. The first ANOVA 

compared the mean percentage of time spent sedentary (sitting and lying) at each of the three time 

periods (T0, T1, T2). The second ANOVA compared the mean percentage of time spent upright 

(standing and walking) at each of the three time periods (T0, T1, T2). A one-way ANOVA was also 

performed to compare mean upright times between facilities.  

Pearson’s product moment correlation coefficients were calculated to measure associations between 

time spent upright and independent variables of age, cognition, body mass index (BMI), and mobility 

status. Variables with correlation coefficients ≥0.25 were entered into a multiple linear regression 

model. Assumptions of normality, multicollinearity and homoscedasticity were assessed prior to 

analyses. The alpha level for all analyses was set at 0.05. IBM SPSS Statistics 20 was used to analyse 

the data. 
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3.5 RESULTS 

Residents (n=30) from six residential aged-care facilities participated in the study.  A further eight 

residents declined to participate and two were withdrawn because they were unable to understand the 

test instructions.  

Of the 30 participants, 21 were females and 60% (18/30) used walking aids. Fourteen (47%) scored 

<6 on the AMTS, indicating some cognitive impairment.  BMI, TUG and AMTS scores were 

comparable to those previously reported for aged-care residents (Kerse et al., 2008; MacRae et al., 

1996; Nordin et al., 2006) (Table 3.1).   

Table 3.1: Baseline Participant Characteristics (n=30) 

 Mean Minimum Maximum 

Age (years) 84.90±6.16 71.10 94.40 

BMI (kg/m2) 23.89±4.96 16.10 38.20 

AMTS (max 10) 5.97±2.99 0.00 10.00 

DEMMI (max 100) 69.33±13.96 41.00 100.00 

TUG score (s) 20.13±11.57 8.68 56.73 

Abbreviations: SD, standard deviation; BMI, Body-Mass Index; AMTS, Abbreviated Mental Test; TUG, Timed Up and Go; 

DEMMI, de Morton Mobility Index  

Complete data sets for all three test periods (T0, T1 and T2); representing 1732.6 hr were obtained 

from 19 participants.  Partial data sets, representing 570.5 hr were obtained from the remaining 11 

participants; either because they declined to wear the accelerometer for all test periods (n=6), were 

unwell (n=2) or technical issues (n=3) for one or two test periods.   

Participants were monitored for 10 hours per day and were sedentary for the majority of the recorded 

time (8 hr 31 min ± 40 min/10 hr day). The remaining time was spent upright (1 hr 29 min ± 40 min 

/10 hr day) (Table 3.2).   
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Table 3.2: Percentage of Total Time Spent Sedentary and Upright for all Participants (n=30) 

 Mean ± SD Minimum Maximum 

Time spent sedentary (%) 85.16 ± 6.66 67.32 95.81 

Time spent upright (%)  14.84± 6.66 4.19 32.68 

Abbreviations: SD, standard deviation 

Repeated measures ANOVAs revealed no significant difference between each of the three recording 

periods (T0, T1 and T2) for total time spent sedentary (Wilks’ Lambda = 0.834, F (2, 17) = 1.693, p = 

0.21) or upright (Wilks’ Lambda = 0.834 F (2, 17) = 1.693, p =0 .21).   

A one-way between-group ANOVA revealed no significant difference in mean total time spent 

upright between facilities (F (4, 23) = 0.715, p = 0.59). As no differences were observed for upright 

times between time periods (T0, T1 and T2) or between facilities, data for all participants were 

combined for further description of activity patterns.   

Those who were older spent less time upright (r= -0.46, p <0.01). Those with better cognition scores 

were marginally more active (r=0.26). No correlation was found between upright time and cognition, 

BMI (r -0 .15), TUG (r=0.05) or DEMMI (r=-0.09) scores.    

Age and cognition were then included in a linear regression analysis. The total variance explained by 

the linear model was 21% (adjusted R2 = .21, p <0.05).  Of the two variables in the model, age was 

the only significant predictor of upright time (β = -0.44).  

Figure 3.1 shows the duration of sedentary and upright time bouts. Over 50% of all upright bouts 

were <10 min duration. By contrast, >50% of sedentary events were accrued in bouts of ≥50 min. 
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Figure 3.1: Bouts of Upright and Sedentary Events Expressed as a Percentage of Total Time  

There was little variation in hourly upright activity pattern for participants when viewed as a group, 

with an average upright time of 3.6 min ± 22 s each hour (Figure 3.2).  Peak upright times were at 11 

am and 1 pm (4.1 min ± 2.4 min) and 3 pm (4.5 min ± 2.0 min).  Lowest upright times were 12.00 

and 8 .00 pm (2.8 min ± 1.5 min and 2.8 min ± 2.2 min respectively). 

 

Figure 3.2: Mean Upright Activity Pattern for all Residents  

Figure 3.3 shows representative hourly upright activity patterns of three individuals, measured over 

three days from one facility. The variability seen in the individual activity patterns may reflect 

residents’ individual preferences for activity, rather than any direct relationship to physical ability or 

cognitive status.  For example, the resident (S1) with the lowest total upright time of the three 
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residents, measured below average in cognition (AMTS= 3/10), mobility (TUG = 27s; DEMMI = 

57/100). There was little variation in her activity, reflecting her habit of sitting in her room by the 

window for the day. The second resident (S2), also scored below average in cognition (AMTS= 2/10), 

but reasonably well for mobility (TUG = 17s; DEMMI = 74/100).  The number of peaks and troughs 

shown in this resident’s upright activity pattern reflected her practice of wandering about the facility 

during the day. The third (S3), with the highest total upright time of the three residents, measured 

mid-range for cognition (AMTS= 6/10), mobility (TUG =23s; DEMMI = 62/100).   Less peaks and 

troughs were seen, but greater variation from day to day reflected her practice of going outside the 

facility for walks around the wider environment. Each facility showed similar variation in the 

individual resident’s activity patterns. Those residents with the lowest total activity times tended to be 

those who chose to stay in their rooms, regardless of physical capacity or cognitive status. 

 

Figure 3.3: Upright Activity Patterns for Three Residents 

Abbreviations: P1, Participant 1 1; P2, Participant 2; P3, Participant 3 

3.6 DISCUSSION 

This study quantified the activity levels and activity patterns of older people living in residential 

aged-care. Residents spent the majority of their waking day sedentary, either seated or lying down, 

with most sedentary bouts lasting 50 min or more. By contrast, the majority of resident’s upright time 

was accrued in bouts of 10 min or less.   



 

84 

To our knowledge, this is one of only three studies that has described the habitual activity patterns of 

aged-care residents using accelerometry. Previous studies measured activity patterns (Egerton & 

Brauer, 2009) and average activity levels (Chin A Paw, van Poppel, & van Mechelen, 2006) over a 

three-day period. The current study extended this work by measuring the activity patterns from 

residents from several facilities for a nine-day period, and by exploring the association between 

cognition, age and physical capacity measures with objectively measured upright time. The lack of 

association found between measures of cognitive status or physical capacity and upright time suggests 

residents’ activity patterns are more a function of the individual’s habits, and perhaps the facility 

environment.  This is supported by recent work that showed only a modest correlation between 

physical capacity and accelerometry measures of physical activity (Benzinger et al., 2013).  

The average time spent sedentary in our study was similar to that previously reported for older people 

in aged-care (Chin A Paw, van Poppel, & van Mechelen, 2006; Egerton & Brauer, 2009; Galik et al., 

2014) and acute-care environments (Grant et al., 2010), where over a 24 hour period, aged-care 

residents were reported to spend 91% (Egerton & Brauer, 2009) and acute-care residents 95% (Grant 

et al., 2010) of their day sedentary. If we had also monitored the time spent sleeping at night, then the 

estimated time spent sedentary in our study would be 94%. By comparison, community-dwelling 

older people are reported to spend between 71–75% of their time sedentary (Egerton & Brauer, 2009; 

Grant et al., 2010). Spending more than 70–75% of time in sedentary behaviour, independent of time 

spent in moderate to vigorous activity has been shown to be  a risk factor for mortality (Koster et al., 

2012) and cardio metabolic disease (Stamatakis et al., 2012) in adults in the 50–70 yr. age range.  

Whether this association between sedentary behaviour and mortality extends to those older than 70 

years has not yet been investigated. 

Perhaps more important than total sedentary and upright times is the pattern in which upright and 

sedentary time is accrued. Residents in the current study averaged five sedentary bouts lasting 60 min 

per day.  By comparison, community-dwelling  healthy older people have one bout of sedentary time 

lasting 60 min per day (Davis & Fox, 2007).  It has been suggested that prolonged periods of 

sedentary behaviour is an energy conservation mechanism (Chastin et al., 2010; Chastin et al., 2014).  
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For example, the total time healthy adults and adults with Parkinson’s Disease spend sedentary has 

been reported to be similar, but the duration of sedentary bouts in the adults with Parkinson’s Disease 

are longer than that of healthy adults (Chastin et al., 2010). Older women have also reported sitting 

more during the afternoon or all day as a way of managing their energy levels (Chastin et al., 2014). 

Perhaps the variation seen in individual activity patterns in the current study also reflects an energy 

conservation measure, as well as being a function of individual preference for activity. Reasons older 

people themselves have identified for remaining sedentary include physical complaints (pain and 

fatigue), mental health reasons, peer pressure, as well as pleasure in sitting (Chastin et al., 2014).  

In terms of environmental influences, from our observation, while facility activity schedules appeared 

busy, most activities were seated e.g. the hairdresser, hand massages, word games, watching movies, 

seated exercise classes, and coach trips. Two of the six facilities had a designated exercise space and 

employed physical or occupational therapists to deliver physical exercise programmes.  Other barriers 

to physical activity in long-term aged-care facilities may include staff concern about risk of injury; as 

well as staffing levels and competing time constraints for personal care routines (Benjamin et al., 

2014; Kalinowski et al., 2012).   

Our findings provide a basis for identifying opportunities to encourage upright activity and minimise 

sedentary bouts. Because the residents’ habitual upright bouts rarely extended beyond 10 min, 

introducing more upright activities of 10–12 min duration maybe an acceptable way of increasing 

total daily non-sedentary time.  Older people can make health improvements without improving 

aerobic function, by participating in moderate intensity activity for short 10-min bouts or through 

routine daily activities of lower relative and absolute activity intensities (Mazzeo & Tanaka, 2001; 

Nelson et al., 2007). Differences in the activity behaviours of older people, for example the desire to 

stay in their room, or to wander the corridors indicates the need for a variety of interventions that 

appeal to individual preferences. One-to-one activities, for example helping make a bed, folding 

clothes or walking with care staff maybe suitable for those who prefer the confines of their room. 

Scheduling upright group activities in low activity times such as afternoons may suit those who prefer 

moving about the facility. While staffing and environmental constraints e.g. lack of dedicated space 
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or staff expertise, can limit opportunities for formal exercise, other opportunities to encourage activity 

might include involving residents in daily tasks such as setting the table or washing dishes. 

The results are considered in light of the following limitations. Measures were limited to recording 

between 10 am and 8 pm. This restriction was due to the pragmatics of facility routines, where 

accelerometers were usually put on after residents dressed in the mornings and removed before 

sleeping. This meant that morning dressing and bathing activities may not have been captured.  

Further, recording was undertaken during the working week, so no comment can be made on 

variances in activity during weekends, when activities in aged-care facilities may differ from 

weekdays.  

A three-day sampling period was chosen for recording, based on previous work that has shown this 

duration to provide  a reliable estimate of physical activity in older people  (Egerton & Brauer, 2009). 

Given that we found no difference in total sedentary and upright times over three time periods, we 

believe that this sampling period was sufficient.  

3.6.1 Conclusions  

Older people living in residential aged-care are sedentary for protracted time periods during the 

waking day. Increasing age is associated with a decline in activity, however aged-care resident’s 

activity levels may be influenced more by personal preference and the environment than by their 

mobility and cognitive function. This suggests that encouraging activity needs to be approached from 

several different angles to accommodate individual resident’s interests. Based on the activity patterns 

identified, encouraging more short bouts of upright activity into care routines, individual or group 

activities may be an acceptable starting point for these older people. 
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Chapter 4: ACTIVITY AND ENERGY EXPENDITURE IN OLDER 

PEOPLE PLAYING ACTIVE VIDEO GAMES 

4.1 INTRODUCTION TO PUBLICATION 

This chapter includes content from a publication, entitled “Activity and energy expenditure in older 

people playing active video games” (Taylor et al., 2012). It is one of the three studies (presented in 

Chapters 4–6) undertaken to address the second aim of this thesis, which was to examine the 

feasibility of using active video games (AVGs) as a physical activity intervention for aged-care 

residents.  The first question to answer when considering the use of AVGs as a physical activity 

intervention, was whether they were of sufficient intensity to generate energy expenditure or whether 

AVGs were just a method of cognitive engagement. Also of interest was whether the balance deficits 

often associated with increasing age might restrict game play. Therefore, the possibility of playing 

AVGs in a seated position for those with strength or balance limitations was also explored. 

Additionally, there were two gaming platforms available, which employed different hardware 

technology: Nintendo Wii and Xbox 360. Therefore, determining which platform was more suited to 

game play by older people was also of interest. Both in terms of energy expended by the games 

available for each platform and by the usability of the technology.  On this basis, this chapter presents 

a laboratory-based study which measured the energy cost of playing AVGs, both seated and in 

standing, using both platforms. The results of this study were used to inform the subsequent 

randomised controlled trial of active video games (AVGs) presented in Chapter 6. 

Author contribution 

The candidate developed the research question, recruited participants, and conducted the balance and 

mobility outcomes, contributed to data analysis and wrote the paper for publication. Ralph Maddison 

wrote the ethics application, provided analysis support, critical review and comment on the 

manuscript. Leila Pfaeffli contributed to participant recruitment, data collection and analysis. 

Jonathan Rawstorn also contributed to data collection and analysis. Ngaire Kerse and Nick Gant 

provided critical review and comment on the manuscript.  
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4.2 ABSTRACT  

Objective:  To quantify energy expenditure in older adults playing Xbox 360 Kinect and Nintendo 

Wii video games, while standing and seated.  A secondary aim was to determine whether participants’ 

balance status influenced the energy cost associated with active video game play.  

Design: Cross sectional study. 

Setting: University research centre. 

Participants: Community-dwelling adults (n=19) aged 70.7 ± 6.4 years.  

Intervention: Participants played nine active video games, each for five minutes, in random order. 

Two games (boxing and bowling) were played in both seated and standing positions. 

Main outcome measures:  Energy expenditure was assessed using indirect calorimetry while at rest 

and during game play. Energy expenditure was expressed in kJ·min-1 and metabolic equivalents 

(METs). Balance was assessed using the Mini-BESTest, the Activities-specific Balance Confidence 

(ABC) Scale, and the Timed Up and Go (TUG). 

Results: Mean (± SD) energy expenditure (EE) was significantly greater for all game conditions 

compared with rest (all P ≤ 0.01) and ranged from 1.46 ± 0.41 METs to 2.97 ± 1.16 METs. There was 

no significant difference in energy expenditure, activity counts, or perceived exertion between 

http://www.ethicscommittees.health.govt.nz/
http://www.ethicscommittees.health.govt.nz/
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equivalent games played while standing and seated. No significant correlations were observed 

between energy expenditure or activity counts and balance status. 

Conclusions: Active video games provide light intensity exercise in community-dwelling older 

people, whether played while seated or standing. People who are unable to stand may derive 

equivalent benefits from active video games played while seated. Further research is required to 

determine whether sustained use of active video games alters physical activity levels in community 

settings for this population.  

4.3 INTRODUCTION  

Physical activity participation in people over 65 can maintain and improve cardiovascular, 

musculoskeletal and psychosocial function (Aoyagi, Park, Park, & Shephard, 2010; Barbour, 

Edenfield, & Blumenthal, 2007; Chodzko-Zajko et al., 2009; Fiatarone Singh, 2002).  Even light 

activity is associated with improved function and a reduction in mortality rates of 30% in those aged 

70 years and over (Johannsen et al., 2008; Manini et al., 2006).  However, there are barriers to 

participation in activity in this age group, including strength and mobility limitations, lack of 

enjoyment in the activity and cognitive impairments (Chen, 2010; Guerin et al., 2008; Nolan, Nitz, 

Choy, & Illing, 2010). Therefore, the challenge is finding enjoyable physical activities that can 

accommodate older adults including those with limited mobility and balance.  

Commercially available interactive video games may overcome these barriers and therefore offer an 

attractive alternative to traditional exercise programs.  Platforms such as Nintendo Wii and Xbox 360 

Kinect provide a range of familiar sports and fitness activities such as tennis, boxing, ten pin bowling 

and Tai Chi that can be played in the home environment.   

Pilot studies using Nintendo Wii have illustrated the potential of active video games as a 

rehabilitation tool in older people. An observational study of older adults with subsyndromal 

depression showed that a 12-week program of Wii Sports improved symptoms of depression and 

mental health-related quality of life measures (Rosenberg et al., 2010).  A recent controlled study in 

adult stroke patients compared a two-week program of non-active leisure activities with two weeks of 
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Nintendo Wii activities. Participants using Wii had a significant improvement in their upper limb 

motor function when compared to the recreational therapy group (Saposnik et al., 2010). Finally, 

balance measures were assessed following a six-week program of Wii fitness exercises in six 

community-dwelling older adult participants. Four of the six participants demonstrated a clinically 

relevant improvement in Berg Balance Scale measures following the Wii fitness program (Bainbridge 

et al., 2011). The mechanisms underlying improvements in rehabilitation outcomes following the use 

of interactive video games are unclear. It is possible that the games are sufficiently stimulating to 

enhance cognitive engagement without any demonstrable change in cardio respiratory function, or 

musculoskeletal activity. In summary, current evidence suggests interactive video games may be a 

useful adjunct to rehabilitation in older people, however there is a dearth of research evidence to 

determine whether these games are of sufficient intensity to improve cardio respiratory fitness levels 

and encourage physical activity participation in this age group.  

Changes in energy expenditure, heart rate and perceived exertion, associated with active video games 

have been reported in children and adolescents (Biddiss & Irwin, 2010; Foley & Maddison, 2010) and 

young to middle aged adults (Graves et al., 2010; Guderian et al., 2010; Miyachi, Yamamoto, 

Ohkawara, & Tanaka, 2010). In children, young and middle-aged adults, playing active video games 

generates two to four times the energy expenditure compared to rest or sedentary activities such as 

television viewing (Graves, Ridgers, & Stratton, 2008; Guderian et al., 2010; Lanningham-Foster et 

al., 2009; Maddison, Ni Mhurchu, Jull, Prapavessis, & Rodgers, 2007). Depending on the game 

played, this energy expenditure approximates light to moderate intensity activity.   

However, the strength, mobility and balance limitations associated with advancing age may reduce 

the energy expended by older people playing these same active video games. No studies to date have 

investigated the physiological demands of these games in a cohort of adults aged 65 years or older. 

Further, balance or strength impairments in this age group may affect the ability to stand for any 

length of time, so activities may need to be performed from a seated position.  This essentially limits 

exercise to upper body movement alone. It is unknown whether playing video games in a seated 

position can provide an appreciable change in energy expenditure.  
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Therefore, the primary aim of this study was to quantify the energy cost associated with playing 

active video games while standing and seated.  We also sought to determine whether a participant’s 

balance status affected their energy expenditure during game play.  The final aim was to quantify 

perceived exertion and body movement while playing the games. We hypothesised that the energy 

cost associated with playing active video games would be greater than rest, at a level of light to 

moderate activity. 

4.4 METHODS 

4.4.1 Participants 

Eligible participants were aged 65 years or older, able to stand unaided or with a walking aid, English 

speaking and able to provide informed consent. Participants who were unable to perform exercise for 

medical reasons or were taking beta-blocker medication were excluded. Participants were recruited 

via direct contact within a community retirement village, community notices or by word of mouth.   

Written informed consent was obtained from each participant. Ethical approval for this study was 

obtained from the New Zealand Health and Disability Ethics Committee (NTY/10/10/077). 

4.4.2 Anthropometric and physiologic measurements 

Height and body mass were measured by one investigator (LA Pfaeffli ) using standardised 

procedures (Norton et al., 1996). Respiratory gas exchange was measured by the same investigator in 

each instance (JC Rawstorn) using an indirect calorimeter expired air gas analysis system (Metalyser 

II; Cortex, Biophysik) with facemask (Hans Rudolph). A two-point calibration procedure was 

conducted before each testing session according to the manufacturer’s guidelines.  Gas exchange was 

averaged over 10 second epochs.  

To quantify movement, participants were instrumented with two dual-axial accelerometers 

(Actigraph) worn on the right hip and dominant wrist. Positioning accelerometers on the wrist as well 

as waist allowed differentiation between activity generated from upper limb movement and that of 

whole body movement (Graves et al., 2008).  

http://www.ethicscommittees.health.govt.nz/
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We measured self-perceived exercise intensity using the Ratings of Perceived Exertion Scale (RPE) 

(Borg, 1998). The scale ranges from 6 (no exertion at all) to 20 (maximal exertion).  

4.4.3 Active video games 

The game consoles used were Nintendo Wiif and Xbox 360 Kinectg. The playing area was 4 X 4 m 

and the television used was a standard 32” flat screen.  Games played in standing were: Wii Sport 

bowling, boxing, tennis, and Xbox 360 Kinect “Your Shape Fitness Evolved” Tai Chi, Kinect Sports 

bowling, boxing and Table tennis. Additionally, participants played Wii bowling and Wii boxing 

while seated. 

4.4.4 Balance measures 

Balance ability of all participants was assessed by the same investigator (LM Taylor) using the Mini-

BESTest (Franchignoni et al., 2010; King et al., 2012; Leddy, Crowner, & Earhart, 2011) , the 

Activities-specific Balance Confidence (ABC) Scale (Lajoie & Gallagher, 2004; Powell & Myers, 

1995; Talley et al., 2008) and the Timed Up and Go (TUG) (de Morton, Berlowitz, & Keating, 2008; 

Lin et al., 2004; Podsiadlo & Richardson, 1991). The Mini-BESTest consists of 14 balance tasks. 

Each item is scored from 0–2 using pre-set criteria, a summed total out of 31.  The ABC is a self- 

report measure of balance that asks participants to rate their balance confidence at performing 16 

different activities, on a scale from 0–100. The score is the average sum of all 16 items. The TUG is 

used to predict falls as well as provide information on function (Shumway-Cook, Brauer, & 

Woollacott, 2000). The person is timed as they rise from a chair, walk 3 m at their usual pace, turn, 

walk back and sit down. The score is taken as the time taken to complete the task.  

4.4.5 Procedures 

Participants each attended one session at the university research centre. Prior to testing 

commencement, anthropometric measures were completed followed by a 20 minute familiarisation 

session, to practice the games.  A researcher supervised and provided instruction on how to play each 

game. After familiarisation, resting oxygen consumption (V0̇2) was measured while participants 

rested quietly, positioned supine for 10 minutes.  Then in a randomised order participants played each 

video game for 5 minute periods interleaved with 5 minutes of seated rest. Consistent with previous 
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research, 5 minutes’ duration was chosen to achieve a steady state for V0̇2 (Maddison et al., 2007).  

This period has also been shown to be sufficient to demonstrate steady state in adults (Hagberg, 

Hickson, Ehsani, & Holloszy, 1980; Wasserman, Van Kessel, & Burton, 1967). Immediately 

following each game, participants were asked to rate their perceived exertion during game play by 

pointing to the relevant number on a copy of the Borg scale.  

Metabolic data including relative V0̇2, minute ventilation (V̇E) and respiratory exchange ratio (RER) 

and heart rate were measured throughout game play and rest breaks, and for a further 10 minutes 

following completion of gaming.  Following game play, the balance tests were completed.  

For all activities, participants began on the easiest skill level of competition. Participants employed 

whatever movement strategies they wanted to play the games. If a game was completed within 5 

minutes, the event was restarted to complete any remaining time to produce 5 minutes of game play. 

Cumulative video game playing time for each participant was 45 minutes. Because periods of video 

game play were interspersed with equal periods of rest, we considered the physical burden of testing 

manageable, even for those with limited mobility. 

4.4.6 Data analysis 

The mean values of metabolic data recorded during the final minute of uninterrupted game play were 

used for analyses. Energy expenditure was calculated using mean V0̇2 and VCO2 (mL·kg-1·min-1) to 

determine rates of fat and carbohydrate oxidation, and subsequent application of the appropriate 

Atwater factors. Metabolic equivalent values (METs) were calculated by dividing V0̇2 for each game 

by 1 MET=3.5 mL·kg-1·min-1 (Ainsworth et al., 2011).  Intensity data were classified as light, 

moderate, or vigorous intensity according to ACSM intensity categories for older adults (light ≤3 

METs, moderate 3–6 METs, vigorous>6 METs) (American College of Sports Medicine, 2010). 

Accelerometer data were uploaded using ActiLife software, Version 5d.  A 10 second epoch was used 

and summed to give a per minute activity count rate (AC). ACs from each axis of the accelerometer 

were combined into a single vector.  
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Repeated measurement ANOVA and Bonferroni corrected pair-wise comparisons were conducted to 

assess between-game differences in mean V0̇2, EE, METs, wrist AC, hip AC and RPE. Data violating 

the assumption of sphericity were adjusted using the Greenhouse-Geisser correction(Greenhouse & 

Geisser, 1959). Two-tailed paired t-tests were performed to compare between-console meanV0̇2, EE, 

METs, wrist AC, hip AC and RPE for separate pairs of equivalent bowling, tennis and boxing games. 

Paired t-tests were also conducted to compare differences between the seated and standing video 

game conditions. 

Pearson’s product-moment correlation coefficients were calculated to examine the relationships 

between balance test scores and EE, wrist AC and hip AC across all game conditions, as well as EE, 

wrist AC and hip AC pooled across sitting and standing game conditions. Results are expressed as 

mean ± standard deviation (SD). SPSS 19.0 h was used for analyses.  

4.5 RESULTS 

Twenty community-dwelling older adults volunteered for the study. Data from one participant was 

omitted from the analyses because of a technical malfunction with the calorimeter.  Fifteen female 

and four males completed the study. The participant characteristics are summarised in Table 4.1.  

Table 4.1: Physiologic Characteristics and Functional Ability Scores  

Characteristics Values (n=19) 

Age (y) 70.7±6.4 (65–87) 

BMI (kg/m2) 27.6±6.1 (21.6–46.7) 

Resting Heart rate (BPM) 74.7±9.0 (60–93) 

ABC score (max 100) 89.1±10.8 (55.6–99.1) 

Mini-BESTest (max 32) 28.3±3.3 (19–32) 

TUG score (s) 10.2±1.8 (8.14) 

Note. Values are mean ± SD (range). Abbreviations: BMI, body mass index; bpm, beats per minute; s, seconds 

V0̇2 was highest during boxing and tennis games, and lowest during bowling and Tai Chi games on 

both consoles (Table 4.2). There was a significant effect of game condition on V0̇2 (F4.3, 77.2 = 19.5, 

P<0.001), with all games resulting in greater V0̇2 than rest (all P<0.01, Table 2). Similarly, EE was 

highest during boxing and tennis games, and lowest during bowling and Tai Chi games on both 

consoles (Table 4.2).  There was a significant effect of game condition on EE (F4.1, 74.1 = 18.5, 
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P<0.001), with all games resulting in greater EE than rest (all P<0.01, Table 2). There was no 

significant difference in EE for the equivalent games played in a standing position compared with a 

seated position (Table 4.2). 

MET values  ranged from 1.5 - 3.0 (Table 4.2), indicating that all games were equivalent to light 

intensity physical activity (American College of Sports Medicine, 2010). There was a significant 

effect of game condition on METs (F4.2, 10.3 = 13.8, P<0.001), with all games resulting than in higher 

METs than rest (all P<0.01, Table 4.2).  

Using the 6–20 RPE scale (Borg, 1998), perceived exertion was rated as “light” for bowling games 

(10.33 ± 1.97) to  “somewhat hard “ for boxing games (12.57 ±1.70)  (Table 4.2). A comparison of 

RPE scores between games showed a significant effect of game condition on RPE (F8, 144 = 3.6, 

P=0.001). There no were no significant differences in RPE between equivalent sitting and standing 

games (Table 4.2).  

Wrist and hip ACs were highest during boxing and tennis games and lowest during Tai Chi and 

bowling games on both consoles (Table 2). There was a significant effect of game condition on both 

wrist (F4.7, 85.0 = 19.3, P<0.001) and hip (F2.5, 45.4 = 5.9, P=0.003) ACs. Wrist ACs were higher than 

rest during all games (all P<0.001, Table 4.2). Hip ACs were higher than rest during all games (all 

P<0.01) except Xbox 360 Kinect Tai Chi (P=0.02), Table tennis (P=0.10), boxing (P=0.02) and 

Nintendo Wii boxing in a seated position (P=0.08). There were no differences in wrist or hip ACs 

between equivalent games played sitting and standing (Table 4.2).  

There were no between-console differences in EE for equivalent bowling (t18 = - 0.69, P=0.65), tennis 

(t18 = -0.46, P=0.36) or boxing games (t18 = -0.94, P=0.50). No between-console differences in wrist 

or hip ACs were found for equivalent bowling (wrist t18 = - 0.67, P=0.51; hip t18 = -0.81, P = 0.43), 

tennis (wrist t18 = -2.32, P=0.03; hip t18 = -1.95, P = 0.07) or boxing games (wrist t18 = 0.05, P=0.96; 

hip t18 = -0.68, P = 0.50). There were no between-console differences in RPE for equivalent bowling 

(t18 = 0.51, P=0.62), tennis (t18 = -0.69, P=0.50) or boxing games (t18 = -1.03, P=0.32). 



 

96 

As can be seen in Table 4.3 correlation coefficients ranged from -0.32 to 0.49 although none reached 

statistical significance. This may have been due to the small sample size and lack of statistical power. 

The strongest correlations (r= 0.40 – 0.49) were between balance scores and activity counts. 
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Table 4.2: V0̇2, Energy Expenditure, METs, Activity Counts and RPE for Each Game Condition (n=19) 

Condition VO2 ml·kg-1·min-1 EE kJ·min-1 METs Wrist AC cpm Hip AC cpm RPE 

Rest 3.42 ± 0.71 5.19 ± 1.07 0.98 ± 0.20 0 0 NR 

Kinect Tai Chi (Zen)  7.54 ± 2.36* 11.22 ± 3.58* 2.16 ± 0.67* 4027 ± 1477* 271 ± 209 10.16±2.27 

Wii bowling sitting  5.11 ± 1.42*†  7.73 ± 2.12*† 1.46 ± 0.41*† 6105 ± 3329*† 564 ± 511*† 9.63±2.06† 

Wii bowling standing  6.64 ± 2.84*  9.89 ± 4.31* 1.90 ± 0.81* 6010 ± 3195* 580 ± 413* 10.37±3.17 

Kinect bowling  6.88 ± 2.12* 10.14 ± 3.22* 1.97 ± 0.61* 6452 ± 3592* 681 ± 603* 9.89±2.73 

Wii tennis  8.46 ± 3.34* 12.61 ± 5.23* 2.42 ± 0.95* 8907 ± 4403* 880 ± 656* 11.26±1.76 

Kinect Table Tennis  8.83 ± 3.44* 13.18 ± 5.12* 2.52 ± 0.98* 11111 ± 5270* 1798 ± 2201 11.58±1.07 

Wii boxing sitting  7.91 ± 3.72*‡ 13.04 ± 5.98*‡ 2.26 ± 1.06*‡ 10557 ± 6696*‡ 917 ± 1086‡ 10.74±4.19‡ 

Wii boxing standing  9.76 ± 4.44* 15.28 ± 6.85* 2.79 ± 1.27* 11260 ± 6613* 831 ± 749* 12.05±3.44 

Kinect boxing 10.40 ± 4.05* 16.44 ± 7.42* 2.97 ± 1.16* 11184 ± 5258* 1018 ± 1014 12.95±1.22 

Note: Values are mean ± SD.  Abbreviations: VO2, volume of expired oxygen; EE, energy expenditure; METs, metabolic equivalent values; AC, activity count rate; cpm, counts per minute; 

RPE, Ratings of Perceived Exertion; NR, not rated. 

*significantly different to rest (P≤0.01), †not significantly different to Wii bowling standing (P>0.01), ‡ not significantly different to Wii boxing standing (P>0.01)  
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Table 4.3: Relationships Between Balance Test Scores and Mean EE, Wrist AC and Hip AC Across All 

Game Conditions.  

  ABC Mini-BESTest TUG 

EE Pooled r = 0.25 r = 0.10 r = 0.07 

 Sitting r = 0.36 r = 0.11 r = 0.20 

 Standing r = 0.20 r = 0.09 r = 0.03 

Wrist AC Pooled r = 0.21 r = 0.41 r = -0.19 

 Sitting r = 0.35 r = 0.30 r = -0.05 

 Standing r = 0.13 r = 0.43 r = -0.24 

Hip AC Pooled r = 0.25 r = 0.44 r = -0.30 

 Sitting r = 0.24 r = 0.15 r = -0.13 

 Standing r = 0.22 r = 0.49 r = -0.32 

Abbreviations: EE, energy expenditure; AC, activity count rate; ABC, Activities-specific Balance Confidence Scale; TUG, 

Timed Up and Go; r = Pearson’s product-moment correlation coefficient. * p < 0.05 

4.6 DISCUSSION 

This study sought to quantify the energy cost of seated and standing active video game play in older 

adults, and to determine whether balance status affected game play energy expenditure. To our 

knowledge, this is the first study to describe the energy cost of active video games in a cohort aged 65 

years and over.  Across all conditions, active video game play resulted in 1.5 to 3-fold increases in 

energy expenditure compared to rest. This suggests that such games could be used to promote light 

physical activity in older people.   

Physical activity guidelines for older adults recommend higher intensity levels (3 METs or greater) 

than those reported in this study; however, these guidelines also emphasise that any amount of 

physical activity incurs health benefits (Chodzko-Zajko et al., 2009; Nelson et al., 2007).  Indeed, 

recent evidence suggests that any activity energy expenditure lowers mortality risks (Manini et al., 

2006) and mobility limitation in older people (Manini et al., 2009).  For falls reduction, the 

demonstrated benefit of exercise appears to be dependent on the exercise frequency and duration of 

the program rather than on the intensity of the exercise (Sherrington et al., 2008).  Therefore, in the 

frail elderly, where higher intensity exercise may not be achievable, low-moderate intensity exercise 

maybe the best option (Fiatarone Singh, 2002; Guerin et al., 2008). 

There was no difference in energy expenditure between Nintendo Wii and Xbox 360 Kinect game 

consoles, indicating that either platform can be used. The potential benefit of the Xbox 360 Kinect 
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system is that it does not require a hand-held controller and can be played by people with impaired 

hand function. The advantage of Nintendo Wii is that it can be played seated, which is not currently 

possible with the Xbox 360 Kinect system.  

We also measured energy expenditure, activity counts and perceived exertion for boxing and bowling 

games played while sitting.  Interestingly, there were no significant differences in energy expenditure 

or any other parameter whether the games were played seated or in standing, suggesting this form of 

activity might be equally efficacious for increasing activity and energy expenditure in those who are 

unable to stand. This has particular relevance to the frail elderly as well as others with physical 

impairments (Hurkmans, van den Berg-Emons, & Stam, 2010; Saposnik et al., 2010), where limited 

balance and mobility are barriers to activity (Chen, 2010).  

All games were characterised by high wrist activity compared with hip movements, which indicates 

that the games chosen imposed relatively small lower limb movement demands. For the age group we 

tested, we deliberately chose games that avoided high bone-loading impact activities such as jumping 

or running, so our choice of activities did favour upper limb movement. The apparent lack of lower 

limb movement during these games may also explain the absence of differences in EE and RPE 

between equivalent sitting and standing games. 

The METs we reported for bowling in standing (2.0 METs), tennis (2.4 METs) and boxing in 

standing (3.0 METs) in older adults are comparable to those reported for adolescents playing the same 

Nintendo Wii active video games (Graves et al., 2008). Other studies that have compared the energy 

expended while playing active video games across age groups have demonstrated slightly lower 

energy expenditure levels in adults when compared to children and adolescents (Graves et al., 2010; 

Lanningham-Foster et al., 2009). In contrast, higher METs have been reported for games played by 

young adult males (bowling 2.7, tennis 3.0 and boxing 4.2 METs) (Miyachi et al., 2010). These 

higher values may be due to the more dynamic game play of younger adult male adults.  

Since balance deficits and fear of falling can impair a person’s mobility (Hatch, Gill-Body, & 

Portney, 2003; Sherrington et al., 2008), an additional aim of our study was to determine whether 
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participants with reduced balance would expend less energy when playing these games.  No 

significant differences were found in energy cost according to balance status. However, the balance 

scores reported indicate that this group of community-dwelling older adults fell within the normal 

ranges of balance ability. For example, the TUG scores achieved by our sample (8–14 seconds) are 

within the normal range for community-dwelling people in this age group (Bischoff et al., 2003; 

Herman, Giladi, & Hausdorff, 2011; Isles, Choy, Steer, & Nitz, 2004; Shumway-Cook et al., 2000).  

The normative score for the ABC scale, which measures fear of falling is 80.9% among healthy, 

active older adults (Powell & Myers, 1995), suggesting our group was normal to high functioning. 

Therefore, our findings show that older community-dwelling adults within a normal range of ability 

can use off-the-shelf active video games for light to moderate exercise. Future studies that assess the 

use of active video games in older people with more limited balance and physical function would be 

useful. 

4.6.1 Study Limitations 

Our participants were all novices to active video games, and also, we allowed them to use whatever 

strategies they wished to play the games. The range of game play techniques and physical 

engagement used by individuals may have contributed to the variability in energy expenditure, 

thereby obscuring possible differences between the energy demands of seating and standing postures. 

Further, energy expenditure and movement strategies used to play the games may change with 

repeated play.  Others have shown that energy expenditure was increased in adolescents who were 

skilled at performing active video games when compared to those who were not (Sell, Lillie, & 

Taylor, 2008).     

Finally, this was a laboratory-based study which did not replicate the home environment.  However, 

we noted that participants quickly became immersed in the games, so we do not think engagement 

and energy responses would be significantly different in a home environment.  

4.6.2 Conclusions 

Both Nintendo Wii and Xbox 360 Kinect active video games significantly increased energy 

expenditure and activity levels in older people when compared to rest.  This activity equates to light 
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intensity exercise. Furthermore, the chosen games played in sitting have a similarly beneficial effect 

on energy expenditure levels as in standing.   

Future research is needed to determine the continued effect of playing active video games for 

sustained periods of time to determine their potential contribution to overall physical activity levels in 

this population. In addition, exploring individual preferences for specific games and enjoyment would 

be helpful in ensuring continued participation with these activities. 
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Chapter 5: ACTIVE VIDEO GAMES FOR IMPROVING PHYSICAL 

PERFORMANCE MEASURES IN OLDER PEOPLE: A META-

ANALYSIS 

5.1 INTRODUCTION TO PUBLICATION 

This chapter includes content from a publication, entitled “Active Video Games for improving 

physical performance measures in older people: a meta-analyses” (Taylor, Kerse, Frakking, & 

Maddison, in press). A number of controlled pilot trials of AVGs for older people were published 

subsequent to the completion of the energy expenditure study described in Chapter 4. This 

necessitated an updated systematic review of AVGs RCTs for improving physical performance 

outcomes in older people.  

This chapter reports results from a meta-analysis of RCTs that examined the use of AVGs for 

improving physical capacity measures in older people. This review addresses the second aim of this 

thesis, which is to examine the use of AVGs as a physical activity intervention for older people living 

in residential aged-care for the purpose of improving measures of mobility and habitual physical 

activity levels.   
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The candidate developed the research question, conducted the search, selected the papers, extracted 

the data for the review, and wrote the manuscript. Ngaire Kerse provided critical review and comment 
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5.2 ABSTRACT 

Background and Purpose: Participation in regular physical activity is associated with better physical 

function in older people (aged >65 years); however older people are the least active of all age groups. 

Exercise-based active video games (AVGs) offer an alternative to traditional exercise programs aimed 

at maintaining or enhancing physical capacity measures in older people. This review systematically 

evaluated whether active video games (AVGs) could improve measures of physical capacity in older 

people.  Secondary measures of safety, game appeal and usability were also considered. 

Methods: Electronic data bases were searched for randomised controlled trials (RCTs) published up 

to April 2015.  Included were trials with two or more arms that evaluated the effect of AVGs on 

outcome measures of physical capacity in older people.  

Results: Eighteen RCTs (n=765) were included. Most trials limited inclusion to healthy community-

dwelling older people. With the exception of one trial, all AVG programs were supervised.  Using 

meta-analyses, AVGs were found to be more effective than conventional exercise (mean difference 

(MD) 4.33, 95% confidence intervals (CI) 2.93 to 5.73) or no intervention (MD 0.73, 95% CI 0.17 to 

1.29) for improving Berg Balance scores in community-dwelling older people. AVGs were also more 

effective than control for improving 30 s sit to stand scores (MD 3.99 95% CI 1.92 to 6.05). No 

significant difference in Timed Up and Go scores were found when AVGs were compared to no 

intervention or to conventional exercise.  

Conclusions: AVGs can improve measures of mobility and balance in older people when used either 

on their own or as part of an exercise program. It is not yet clear whether AVGs are equally suitable 

for older people with significant cognitive impairments, balance or mobility limitations. Given the 

positive findings to date, consideration could be given to further development of age appropriate 

AVGs for use by older people with balance or mobility limitations.  
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5.3 INTRODUCTION 

Physical activity levels have been shown to decline with advancing age, (Buchman et al., 2014; 

Johannsen et al., 2008) yet  regular participation in physical activity among older people (≥ 65 yr) is 

associated with a reduced risk of cardiovascular and cardio metabolic disease, better physical fitness 

and physical function (Buchner, 2009; Chodzko-Zajko et al., 2009; Nelson et al., 2007; Shah et al., 

2012). However, adults aged 70–85 years are reported to be the least active of all age groups (C. E. 

Matthews et al., 2008). 

Active video games (AVGs), where the person is required to move to play the game, were first used 

to encourage activity in children (Foley & Maddison, 2010; LeBlanc et al., 2013), but they also show 

potential for encouraging activity in older people (Bleakley et al., 2013; Smith & Schoene, 2012).  

Motivators to being active identified by older people include enjoyment and social interaction, as well 

as the perceived health benefits (Baert, Gorus, Mets, Geerts, & Bautmans, 2011; Costello et al., 2011; 

Schutzer & Graves, 2004). A key attribute of AVGs is the immediate visual and auditory feedback on 

the player’s performance, which is fun and motivating. Additionally, the range of games, dance and 

formal exercise programs available caters for individual preferences.  

AVGs increase energy expenditure, with energy expended playing AVGs by older adults equivalent 

light to moderate intensity activity (Graves et al., 2008; Guderian et al., 2010; Taylor et al., 2012). 

Perhaps more important is the ability to incorporate various motor control challenges into AVGs to 

improve balance and lower limb function, which are considered important for reducing falls risk and 

maintaining independence (Howe et al., 2007). 

Randomised controlled trials (RCTs) have begun to evaluate the effect of AVGs on physical function 

measures in older people. However, based on narrative synthesis of 13 RCTs, one systematic review 

concluded there was insufficient evidence to support the effectiveness of AVGs for improving 

physical function in older people (Molina, Ricci, de Moraes, & Perracini, 2014).  

The objective of the current systematic review was to provide an updated analysis of RCTs that have 

used AVGS to improve physical function in older people, using meta-analyses where appropriate to 
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increase the power of findings from the individual trials. This review also considered safety, game 

appeal and usability aspects of AVGs for older people.  

5.4 METHODS 

5.4.1 Data source and search strategy 

Randomised controlled trials (RCTs) identified up to April 2015 were sourced from the following 

electronic databases: MEDLINE (OvidSP), Scopus, and the Cochrane Library (Wiley). Search terms 

combined the following subject headings and key words, formatted according to the requirements for 

each data base: (“Wii” OR “Xbox*” OR “Video Games” OR “Virtual rehabilitation” OR “Interactive 

video game” OR “Virtual Reality”) AND (“Elderly” OR “Old*” OR “Senior”) AND (“Physical 

activity” OR “Exercise” OR “Balance”).  

5.4.2 Selection criteria  

Inclusion criteria were RCTs that compared exercise-based AVGs in older people to no intervention 

or usual care, traditional exercise or placebo, with outcomes that objectively measured physical 

capacity i.e. balance, mobility or physical capacity test batteries, or subjectively measured physical 

capacity i.e. activity or balance confidence questionnaires.  

Trials that used off-the-shelf, modified off-the-shelf or purpose-designed AVGs, offered over any 

length of time with the aim of improving physical capacity measures were eligible.  

The majority (>50%) of participants needed to be older adults (> 65 years), living in the community, 

long-term care (rest home, nursing home, residential care, assisted living, and veteran’s hospital) or 

acute hospital settings. Trials of AVGs targeting individuals with specific conditions (e.g. stroke or 

diabetes) were excluded. 

5.4.3 Data extraction 

Two review authors (LT, TF) independently screened the titles identified in the initial search to 

exclude those that were obviously outside the scope of the review. The same two authors then 

independently reviewed the abstracts of the remaining records.  Where it was unclear from the 
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abstract if the study was relevant, the full paper was reviewed. Characteristics of included trials were 

summarised according to population, intervention, comparator and outcome characteristics. 

The methodological quality was assessed independently by the same two authors (LT and TF) using 

the Cochrane Collaboration’s risk of bias tool (J. P. Higgins, Altman, & Sterne, 2011).  Items were 

scored as high risk, low risk, or unclear risk of bias using the tool’s set criteria.  Consensus was 

reached on any item where there was any discrepancy between the two reviewers’ evaluations.  

Where trial outcome measures were the same and study group characteristics similar, studies were 

pooled and meta-analysis undertaken using Review Manager (Revman) software (Version 5.2).  

Effect sizes for outcomes were expressed using the mean difference (MD) and 95% confidence 

intervals (CI). For each trial included in the meta-analyses, the MD was calculated using change from 

baseline scores for control and experimental groups.  Standard deviations (SD) for the MD were 

calculated according to the protocol described in the Cochrane Handbook for Systematic Reviews (J. 

P. Higgins, Deeks, & Altman, 2011). The I2 statistic was used to measure statistical heterogeneity. 

Where I2 was ≤ 50%, the fixed effects (FE) model was used. Where I2 > 50, the more conservative 

random effects model (REM) was used. 
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Figure 5.1: Study Selection Flow Diagram 

5.5 RESULTS 

5.5.1 Included studies 

Eighteen RCTs met the eligibility criteria for the review (n=765). Studies were conducted in nine 

countries: Australia (3), USA (6), Denmark, Japan, Korea, Taiwan, France (2), Canada and 

Switzerland (2).  The results of the search are outlined in a PRISMA diagram in Figure 5.1. A 

summary of population, intervention, comparator and outcome characteristics are listed in Table 5.1.  

Seven trials compared AVGs to no intervention (Bieryla & Dold, 2013; Cho, Hwangbo, & Shin, 

2014; Lai et al., 2013; Maillot, Perrot, & Hartley, 2012; Pichierri, Coppe, Lorenzetti, Murer, & de 

Bruin, 2012; Rendon et al., 2012; Sato, Kuroki, Saiki, & Nagatomi, 2015; Schoene et al., 2013) or 

usual care (Duque et al., 2013); five trials compared AVGs to conventional exercise (i.e. strength, 

balance, mobility and/or balance exercises that did not use video game technology) (Laver et al., 

2012; A. Lee, Biggan, Taylor, & Ray, 2014; Pichierri, Murer, & De Bruin, 2012; Ray, Melton, 

Ramirez, & Keller, 2012; Szturm, Betker, Moussavi, Desai, & Goodman, 2011) and three trials 
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compared AVGs to both conventional exercise and a no intervention control (Franco, Jacobs, 

Inzerillo, & Kluzik, 2012; Pluchino, Lee, Asfour, Roos, & Signorile, 2012; Toulotte, Toursel, & 

Olivier, 2012).  The remaining trial compared AVGs to a placebo shoe insole (Jorgensen, Laessoe, 

Hendriksen, Nielsen, & Aagaard, 2013). 

5.5.2 Risk of bias  

Four of the 18 trials were assessed as low risk of bias across three or more of the six items assessed 

(Jorgensen et al., 2013; Laver et al., 2012; Schoene et al., 2013; Szturm et al., 2011). The remainder 

had four or more items assessed as either high or unclear risk because there was insufficient 

information reported for evaluation (Bieryla & Dold, 2013; Cho et al., 2014; Duque et al., 2013; 

Franco et al., 2012; Lai et al., 2013; A. Lee et al., 2014; Maillot et al., 2012; Pichierri, Coppe, et al., 

2012; Pichierri, Murer, et al., 2012; Pluchino et al., 2012; Ray et al., 2012; Rendon et al., 2012; Sato 

et al., 2015; Toulotte et al., 2012) (Table 5.2).  

For all outcomes analysed, there was no indication that outcome measures were influenced either 

positively or negatively by the risk of bias scores. 
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Table 5.1: Study Participant and Intervention Description 

Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

Bieryla IG 12 82.6 1.6 AVGs alone. Wii yoga (half-moon, chair, 

warrior), aerobic (torso twists), and balance 

games (soccer heading, ski jump) modes. 

Advanced as participants could manage 

Balance and mobility 

 Berg Balance Scale (BBS)  

 Timed Up and Go (TUG) 

 Forward Reach  

 Fullerton Advanced Balance 

Scale  

 Significant change in BBS pre 

post for IG but not CG 

 No significant change for other 

measures 

 CG 12 80.5 7.8 No Intervention 

Cho IG 17 73.1 1.1 AVGs alone. Wii Fit ski slalom, table tilt and 

balance bubble 

Balance 

 Centre of Pressure (COP) eyes 

open and closed  

 Significant improvement 

(reduction) in COP excursion for 

IG but not CG 
 CG 15 71.7 1.2 No Intervention 

Duque 

 

IG 30 79.3 10 AVGs combined with exercise. Balance 

Rehabilitation Unit – combination of visual 

vestibular retraining (saccadic, opto-kinetic 

stimulation, vestibular opto-kinetic and 

vestibular-ocular reflex exercises performed 

while standing) and postural retraining using 

the virtual reality head set, consisting of three 

different postural training games with 

increasing levels of complexity, in addition to 

usual care 

Balance 

 Limits of stability (LOS) and 

centre of pressure (COP) using 

the “Balance Rehabilitation 

Unit” 

 Survey of Activities and Fear of 

Falling in the Elderly (SAFE) 

questionnaire 

 Significant within group 

improvements in COP and LOS 

for the IG but no significant 

difference between IG and CGs. 

Significant improvement 

(reduction) in COP excursion 

and improvement (increase) in 

LOS for IG compared with CG 

at 9 months for some conditions.  

 SAFE scores significantly better 

in IG compared with CG  CG 40 75 8 Usual care.  a care plan on falls prevention 

including an invitation to join an exercise 

program (following the Otago protocol) 

medication review, home visit by an 

occupational therapist, hearing and visual 

assessment, nutritional supplements and 

vitamin D supplementation as required and 

education materials on falls prevention 

Franco 

 

IG 11  79.8  4.7 AVGs combined with exercise. Wii Fit balance, 

Individual supervised sessions plus home 

exercise program 

Balance and acceptability 

 Berg Balance Scale (BBS) 

 Tinetti Gait and Balance 

Assessment (POMA) 

 SF36 health survey  

 No significant between group 

pre-post differences in BBS, 

POMA or SF36 scores.  

 Participants enjoyed AVGs and 

many preferred them to usual 

exercise 

 IG 11 77.9 6.9 Balance Exercise.: “Matter of Balance” group 

exercises warm up, strength and balance and 

cool down 
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Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

 CG 10 76.9 6.3 No Intervention  Wii Fit enjoyment 

questionnaire- specifically 

developed for the study 

Jorgensen IG 28 75.9  5.7 AVGs combined with exercise. Wii Fit Balance 

games, leg strength and standing row squat 

Physical capacity and balance 

 Maximal isometric voluntary 

contraction (MVC) of leg 

extensors  

 Postural sway (COP)  

 Timed Up and Go (TUG) 

 Short-form Falls Efficacy Scale 

International (FES-1) 

 30s repeated chair stand test 

 Significant improvement in 

MVC of IG compared with CG 

 No significant difference 

between groups for COP 

 Significant between-group 

differences in favour of the IG 

for TUG, FES-1 and chair stand 

tests 

 CG 30 73.7 6.1 Placebo Insoles 

Lai  

 

IG 15 70.6 3.5 AVGs alone. Xavix measured step system 

(XMSS) – uses a step mat plus console and 

television 

Balance and mobility 

 Berg Balance Scale (BBS)  

 Timed Up and Go (TUG) 

 Modified Falls Efficacy Scale 

(MFES)  

 Unipedal stance test  

 Postural sway: Sway area, Sway 

velocity and centre of pressure 

tests 

 Significant within group 

improvements in BBS, TUG and 

MFES and Sway Velocity test 

for the IG. No significant within 

group within group 

improvements in BBS, TUG and 

MFES and Sway Velocity test 

for the CG. Between group 

comparison not reported 

 

 CG 15 74.5 4.7 No intervention 

 

Laver IG 22 85.2  

 

4.7 AVGs alone. Wii Fit program set and 

supervised by physiotherapists delivered one 

to one including balance, strength and light 

aerobics in standing 

Balance and Mobility  

 Timed Up and Go (TUG) 

 Rate of improvement per session 

significantly greater in the IG 
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Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

 CG 22 84.6 4.4 Conventional physiotherapy. Walking 

balancing, transfers 

 Short Physical Performance 

Battery (SPPB) 

 Modified Berg Balance 

Scale(MBBS)  

 Timed Instrumental Activities 

of Daily Living (Timed IADL) 

test 

 Functional Independence 

Measure (FIM) 

 Activity-Specific Balance 

Confidence Scale (ABC) 

 Health-related quality of life 

(EQ5D) 

than in the CG for TUG and 

BBS scores 

 No significant differences were 

found between groups for the 

SPPB, Timed IADL Test, ABC 

Scale or EQ5D. 

Lee IG 40 75.2 6.6 AVGs combined with exercise. Wii Fit and Wii 

sports games, walking, chair stands with 

weighted vest and another 5 min walk 

Balance and gait parameters 

 Balance Efficacy Scale (BES) 

 Gait performance parameters 

measured using GAITRite 

walkway i.e. velocity, stride 

length, cadence, double support 

time and swing time 

 No significant between-group 

differences in BES 

 Significant within group 

differences in gait velocity, stride 

length, cadence, swing time and 

reduction in double support time 

but no between group differences 

 CG 42 Conventional Exercise   e.g., chair stands, 

chair lunge, heel raise, stepping, and arm curl 

using Thera-Bands; stretching (upper and 

lower body muscles) and balancing activities 

(stand on one leg, hold a small ball) 

Maillot IG 16 73.5 

 

4.1 AVGs alone. Three time periods of (i) 

Nintendo Wii Fit (plus balance board), in 

pairs, playing Wii boxing /tennis/bowling (ii) 

individual Wii balance board games (iii) a 

final Wii game for either balance, energy, or 

cognition. 

Physical capacity and cognitive 

function 

 Senior Fitness Test (SFT): 

includes chair-stand test, arm 

curl, 6-Min Walking Test, chair-

sit-and-reach test, back-scratch 

test and 8-foot up-and-go test  

 Cognitive test battery: (i) 

executive control tasks (ii) 

visuospatial tasks (iii) 

processing-speed tasks  

 Significant improvement in SFT 

scores in favour of the IG for all 

measures except flexibility 

 Significant improvement scores 

in favour of the IG for executive 

control and processing speed but 

not for visuospatial tasks  CG 16 73.5 3.0 No Intervention 
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Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

Pichierri, 

Murer 

 

IG 15 86.9  5.1 AVGs combined with exercise. Exercise 

program consisting of progressive resistance 

and postural balance training including 2 sets 

of 10–15 repetitions of lower limb exercises 

with training intensity controlled using Borg’s 

perceived exertion scale; plus a progressive 

video game dancing program using a 

modification of Step Mania (Dance 

Revolution) 

Balance and gait parameters 

 Foot placement accuracy (FPA) 

 Gait performance parameters 

measured using GAITRite 

walkway i.e. velocity, stride 

length, cadence, double support 

time and swing time Gaze 

parameters 

 Falls Efficacy Scale 

International (FES-IG) 

 No significant difference 

between groups for FPA 

 Significant between group 

differences in favour of the IG 

for gait velocity, stride length, 

cadence, swing time and single 

support time under dual task 

conditions 

 No significant difference 

between groups for FES-IG  CG 16 85.6 4.2 Conventional Exercise. Progressive resistance 

and postural balance training as above 

Pichierri, 

Coppe 

IG 9 

 

83.6 

 

3.4 AVGs combined with exercise. Warm-up, 

resistance exercises with weighted vests, 

balance exercises, and dance video gaming 

using a modification of Step Mania (Dance 

Revolution) 

Balance 

 Stepping reaction time tasks 

(SRT) using a force platform 

under single and dual task 

(Stroop test) conditions 

 Significant between-group 

differences in favour of the IG 

SRT under dual task conditions 

 CG 6 86.2 4.8 No Intervention 

Pluchino IG 12  70.7 

 

8.5 AVGs alone: Wii Fit Balance, that requires 

weight shifts to lay the game: soccer heading, 

ski slalom, ski jump, table tilt, tightrope walk, 

river bubble, penguin slide snowboard slalom, 

lotus focus 

Balance and mobility 

 Timed Up and Go (TUG) 

 One-leg stance 

 Forward Reach (FR) 

 Tinetti Performance Orientated 

Mobility Assessment (POMA) 

 Centre of pressure (COP), 

dynamic posturography, postural 

sway test using a force platform 

 Falls Efficacy Scale (FES) 

 No significant difference 

between groups for TUG, one 

leg stance, FR or POMA 

 No significant difference 

between groups for COP 

measures; all groups showed a 

significant improvement in COP 

parameters over time 

 No significant difference 

between groups for FES 

 IG 14 69.3 6.0 Tai Chi supervised program:  12 movements 

using small forward and backward steps, 

weight transfers from 1 leg to the other, 

posture alignment, small knee bends and 

moving slowly with a gentle resistance 

 CG 14 76.0 7.7 Conventional Exercise. Traditional supervised 

balance program 

Ray 2012  IG 29 75.0 n.s. AVGs combined with exercise. Wii Fit Wii-

balance board and weighted vests. The 

intervention included 15–25 chair stands while 

wearing the weight vest and bouts of walking 

for 5–10 minutes at a time. 

Balance and physical capacity  

 Senior Fitness Test: includes 

chair-stand test, arm curl, 6-Min 

Walking Test, chair-sit-and-

 Significant improvement in 

favour of IG for 8-foot up-and-

go test and 30s chair stands 



 

113 

Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

 IG 40 Conventional Exercise. Group Fitness 

strengthening exercises for lower leg and 

upper body strength, plus flexibility and 

walking  

reach test, back-scratch test and 

8-foot up-and-go test  

 “NeuroCom Sensory 

Organization Test”: centre of 

pressure (COP) and limits of 

stability (LOS), postural sway 

under a range of conditions 

(control, visual, auditory and 

cognitive distractors (Stroop 

test) 

 No significant difference 

between groups for COP or LOS 

measures; all groups showed 

significant improvements in COP 

parameters over time 
 CG 18 Conventional Exercise. Balance using 

functional activities e.g. standing, stepping and 

walking on a compliant surface; walking and 

pivoting 180°; stair walking 

Rendon IG 20 85.7  

 

4.3 AVGs combined with exercise. Wii Fit Balance 

plus exercycle 

Balance and mobility 

 8 ft. Timed Up and Go (TUG) 

 Activity-specific Balance 

Confidence Scale (ABC) 

 Geriatric Depression Scale 

(GDS) 

 Significant improvement in 8ft 

TUG in favour of AVG group 

 Significant improvement in ABS 

score in favour of AVG group  

 Not significant difference in 

GDS  

 CG 20 83.3 6.2 No Intervention 

Sato IG 28 70.7 5.35 AVGs alone. Balance games custom designed 

using Kinect motion sensor 

Balance, mobility& gait 

parameters 

 Berg Balance Scale (BBS) 

 Functional reach (FR) 

 30s chair stand 

 Gait performance parameters 

measured using 3D motion 

analysis i.e. velocity, stride 

length, cadence, double support 

time and swing time 

 Significant between group 

differences in favour of the IG 

for BBS, FR and 30s Chair Stand 
 CG 26 68.5 5.47 No Intervention 

Schoene IG 19 77.5  

 

4.5 AVGs alone. Dance Revolution –an open 

source platform with Stepmania, specifically 

modified, using a dance mat 

Balance and mobility 

 Stepping Reaction Time (SRT) 



 

114 

Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

 CG 18 78.4 4.5 No Intervention  Physiological Profile 

Assessment test (PPA) battery: 

(i) visual contrast sensitivity, (ii) 

hand reaction time, (iii) standing 

balance on foam (iv) knee joint 

position sense, and (v) knee 

extension strength  

 Timed Up and Go (TUG) 

 5 times sit-stand  

 Significant between group 

differences in favour of the IG 

for SRT.  

 Significant between group 

differences in favour of the IG 

for PPA composite scores 

 Significant between group 

differences in favour of the IG 

for dual task TUG scores 

 No significant between group 

differences for TUG 

Szturm IG 15 80.5  

 

6.0 AVGs alone. Custom designed weight transfer 

progressive balance games on a pressure mat 

+/- sponge surface, linked to computer 

monitor, requiring movement of centre of 

pressure (COP) 

Balance, mobility& gait 

parameters 

 Berg Balance Scale (BBS) 

 Timed Up and Go (TUG) 

 Activity-specific Balance 

Confidence Scale (ABC) 

 Gait performance parameters 

measured using GAITRite 

walkway  

 Dynamic balance tests 

performed on foam. Outcome 

for tests was a “Loss of 

Balance” score. 

 

 Significant between group 

improvements in BBS scores in 

favour of the IG  

 No significant within or between 

group differences in TUG scores  

 Significant within group 

improvements in ABC scores in 

the IG the IG but not in the CG.  

 No significant within or between 

group differences in gait velocity 

 Significant within group 

improvements in “Loss of 

Balance” scores on foam in the 

IG but not in the CG.  

 CG 15 81.0 7.0 Conventional Exercise. Strength & balance 

program using Thera band, leg weights, cycle, 

weight bearing balance exercises e.g. sit to 

stand, squats, step ups 

Toulotte 

 

IG 9 72.2  

 

8.6 AVGs alone. Wii Fit including balance board  Balance 

 Tinetti balance test battery 

(POMA) 

 Unipedal standing  

 Significant within group 

improvements in POMA scores 

in Exercise group, Wii group 

and Wii plus exercise groups.  

 No between group differences 

reported 

 Significant within group 

improvements in Unipedal 

standing scores in Exercise 

group, and Wii plus exercise 

groups. No significant change in 

Wii group.  
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Study Group Group size Age SD Intervention Description Outcome measures Outcomes 

 IG 9 84.2 8.1 Conventional exercise alone. Adapted Physical 

Activities (APA): muscle strength, lower limb 

mobility, proprioception, balance 

  

IG 9 76.4 4.7 AVGs combined with exercise APA and Wii 

Fit 

CG 9 71.8 8.0 Board Games and TV watching  

Abbreviations: AVGs, Active video games; IG, Intervention group; CG, Control group 
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Table 5.2: Cochrane Risk of Bias Ratings for Included Trials 
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Bieryla Unclear risk Unclear risk High risk High risk High risk Unclear risk 

Cho  Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk 

Duqu  Unclear risk Unclear risk High risk Low Risk Unclear risk High risk 

Franco Low Risk High risk High risk High risk Low Risk Unclear risk 

Jorgensen  Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk 

Lai Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk 

Laver Low Risk Low Risk High risk Low Risk Low Risk Unclear risk 

Lee Unclear risk Unclear risk High risk Unclear risk Low Risk Unclear risk 

Maillot  Unclear risk Unclear risk High risk Unclear risk High risk Unclear risk 

Pichierri Low Risk Unclear risk High risk Unclear risk Unclear risk Low Risk 

Pichierri Low Risk Unclear risk High risk High risk High risk Unclear risk 

Pluchino Low Risk Low Risk High risk Unclear risk High risk Unclear risk 

Ray Unclear risk Unclear risk High risk Unclear risk Unclear risk Unclear risk 

Rendon Unclear risk Unclear risk High risk Unclear risk Low Risk Unclear risk 

Sato  Low Risk Unclear risk High risk Unclear risk Low Risk Unclear risk 

Schoene Low Risk Low Risk High risk Low Risk Low Risk Low Risk 

Szturm Unclear risk Unclear risk High risk Low Risk Low Risk Low Risk 

Toulotte Unclear risk Unclear risk High risk Unclear risk Low Risk High risk 

5.5.3 Intervention characteristics 

The duration of AVG programs for community dwellers was 3–20 weeks, with most offered for eight 

weeks, usually 2–3 times weekly for approximately 40 min each session.  For hospitalised older 

people, the program ran daily for the duration of the patient’s stay (usually 7 days).  

With the exception of one trial, delivered in the home environment (Schoene et al., 2013), all trials 

were supervised programs conducted in a gymnasium or research centre setting.  Most were delivered 

on an individual basis, although two trials used either game play with a partner (Maillot et al., 2012) 

or in small groups (Pichierri, Murer, et al., 2012). 
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Eleven trials used Nintendo Wii ™ (Bieryla & Dold, 2013; Cho et al., 2014; Franco et al., 2012; 

Jorgensen et al., 2013; Laver et al., 2012; A. Lee et al., 2014; Maillot et al., 2012; Pluchino et al., 

2012; Ray et al., 2012; Rendon et al., 2012; Toulotte et al., 2012), five used pressure-sensitive mat 

systems (Lai et al., 2013; Pichierri, Coppe, et al., 2012; Pichierri, Murer, et al., 2012; Schoene et al., 

2013; Szturm et al., 2011), one used the Kinect™ motion sensor (Sato et al., 2015) and the remaining 

trial used a virtual reality head set (Duque et al., 2013). 

The focus of all trials except one (Maillot et al., 2012) was to improve balance.  Nine trials used 

solely AVGs (Bieryla & Dold, 2013; Cho et al., 2014; Lai et al., 2013; Laver et al., 2012; Maillot et 

al., 2012; Pluchino et al., 2012; Sato et al., 2015; Schoene et al., 2013; Szturm et al., 2011).  Eight 

trials combined the AVGs with conventional exercise to develop balance, strength or aerobic capacity 

(Duque et al., 2013; Franco et al., 2012; Jorgensen et al., 2013; A. Lee et al., 2014; Pichierri, Coppe, 

et al., 2012; Pichierri, Murer, et al., 2012; Ray et al., 2012; Rendon et al., 2012). One three-arm trial 

compared AVGs alone with exercise alone and a third intervention group that combined AVGs with 

exercise (Toulotte et al., 2012). 

There was no clear indication that trials which combined exercise and AVGs programs had better or 

worse outcomes and trials than used AVGs alone.   

5.5.4 Participant characteristics 

Participants were mostly community-dwelling older people. The exception was one trial conducted in 

an acute hospital setting (Laver et al., 2012), and two trials that recruited from care homes (Pichierri, 

Coppe, et al., 2012; Pichierri, Murer, et al., 2012). The average age of community-dwelling 

participants was 75.6 ± 6.9 yr (n=675) and hospitalised or nursing home older participants was 85.3 ± 

4.5 yr (n=90). 

5.5.5 Inclusion and exclusion criteria 

Thirteen trials limited inclusion to higher functioning older people (Cho et al., 2014; Franco et al., 

2012; Lai et al., 2013; Maillot et al., 2012; Pichierri, Coppe, et al., 2012; Pichierri, Murer, et al., 2012; 

Pluchino et al., 2012; Ray et al., 2012; Rendon et al., 2012; Sato et al., 2015; Schoene et al., 2013; 
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Toulotte et al., 2012) i.e. those with no major cardiovascular, neuromuscular or vestibular 

impairments, who were independent in ambulatory function. Three trials targeted people with balance 

limitations or falls risk (Duque et al., 2013; Jorgensen et al., 2013; Szturm et al., 2011). One trial did 

not report exclusion criteria (A. Lee et al., 2014) and the remaining trial recruited hospitalised older 

people (Laver et al., 2012). 

Twelve trials excluded those with cognitive impairment (Cho et al., 2014; Duque et al., 2013; Franco 

et al., 2012; Lai et al., 2013; Laver et al., 2012; Pichierri, Coppe, et al., 2012; Pichierri, Murer, et al., 

2012; Pluchino et al., 2012; Sato et al., 2015; Schoene et al., 2013; Szturm et al., 2011; Toulotte et al., 

2012).  Cognitive impairment was not specified as an exclusion criterion in one trial, but baseline 

cognitive scores indicated normal cognition for all participants (Maillot et al., 2012).  Cognitive status 

was not specified in the remaining five trials (Bieryla & Dold, 2013; Jorgensen et al., 2013; A. Lee et 

al., 2014; Ray et al., 2012; Rendon et al., 2012). 

5.5.6 Physical capacity (mobility) measures 

Changes in physical capacity  measures were assessed in 10 trials (Bieryla & Dold, 2013; Jorgensen 

et al., 2013; Lai et al., 2013; Laver et al., 2012; Maillot et al., 2012; Pluchino et al., 2012; Ray et al., 

2012; Rendon et al., 2012; Schoene et al., 2013; Szturm et al., 2011).  The most frequently used 

mobility measure was the Timed Up and Go (TUG) (Podsiadlo & Richardson, 1991) and its 

modification, the 8 ft. Up and Go (Rose, Jones, & Lucchese, 2002).  Seven trials used the TUG 

(Bieryla & Dold, 2013; Jorgensen et al., 2013; Lai et al., 2013; Laver et al., 2012; Pluchino et al., 

2012; Schoene et al., 2013; Szturm et al., 2011) and three trials used the 8 ft. Up and Go (Maillot et 

al., 2012; Ray et al., 2012; Rendon et al., 2012). 

One trial (Laver, Ratcliffe, George, Burgess, & Crotty, 2011) used the Short Physical Performance 

Battery (SPPB) (Guralnik et al., 1994) and two trials (Maillot et al., 2012; Ray et al., 2012) used the 

Senior Fitness Test (SFT), which includes the 30s chair stand test.(Rikli & Jones, 2001). 

The mean baseline TUG score for trials that used this measure was 10.3 ± 4.1s (n=169) (Bieryla & 

Dold, 2013; Jorgensen et al., 2013; Lai et al., 2013; Pluchino et al., 2012; Schoene et al., 2013), which 
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was within the expected range of 7–15s for healthy older people  (Newton, 1997; Steffen et al., 2002). 

The mean baseline 8ft TUG score was 7.9 ±1.6s (n=159) (Maillot et al., 2012; Ray et al., 2012; 

Rendon et al., 2012), which was also within the normal range for healthy older people (Rikli & Jones, 

1999).  In participants with balance and mobility limitations, baseline TUG scores were higher (20.9 

± 3.5s; n=30) (Szturm et al., 2011) and in the only inpatient-based study (Laver et al., 2012), baseline 

TUG group means were considerably higher (36.7 ± 18.7s; n=44). 

A meta-analysis on pooled TUG scores from six trials (n=206) that compared AVGs to conventional 

exercise or no intervention failed to reach significance (REM, MD = -2.29 95% CI –5.20 to 0.64). 

A meta-analysis on pooled 30s chair-stand scores from four trials (n=188) (Jorgensen et al., 2013; 

Maillot et al., 2012; Ray et al., 2012; Sato et al., 2015) showed a significant effect in favour of AVGs 

(REM, MD 3.99, 95% CI 1.92 to 6.05) (Figure 5.2). No significant effect was found for the five times 

sit-to-stand used in one trial (Schoene et al., 2013).  

5.5.7 Balance measures 

Changes in direct measures of balance were assessed in five trials (Cho et al., 2014; Duque et al., 

2013; Lai et al., 2013; Pluchino et al., 2012; Ray et al., 2012). Two trials reported significant within 

group differences in centre of pressure (COP) in the intervention group (Cho et al., 2014; Lai et al., 

2013) but no significant difference between intervention and control (no intervention) groups. The 

three trials that compared AVGs to a conventional exercise reported significant within group 

differences in COP (Pluchino et al., 2012; Ray et al., 2012) and limits of stability (Duque et al., 2013; 

Ray et al., 2012) measures for both AVG and conventional exercise groups, but no significant 

difference between groups for COP measures. This suggests AVGs were as effective as conventional 

exercise at improving COP measures (Duque et al., 2013; Pluchino et al., 2012; Ray et al., 2012).  

Finally, two trials measured stepping reaction time in response to visual cues (Pichierri, Coppe, et al., 

2012; Schoene et al., 2013). Both reported significant between group differences in favour of AVGs 

over the control group.  
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Indirect measures of balance, including one legged standing, the forward reach test, the Berg Balance 

Scale (BBS) (Berg, Wood-Dauphinee, Williams, & Gayton, 1989) and the Tinetti Performance 

Orientated Mobility Assessment (the Tinetti POMA) (Tinetti, 1986), were assessed in nine trials 

(Bieryla & Dold, 2013; Franco et al., 2012; Lai et al., 2013; Laver et al., 2012; Pluchino et al., 2012; 

Rendon et al., 2012; Sato et al., 2015; Szturm et al., 2011; Toulotte et al., 2012). Five trials used the 

BBS (Bieryla & Dold, 2013; Franco et al., 2012; Lai et al., 2013; Sato et al., 2015; Szturm et al., 

2011), one used a modified BBS (Laver et al., 2012) and three used versions of the Tinetti POMA 

(Franco et al., 2012; Pluchino et al., 2012; Toulotte et al., 2012). 

The mean baseline BBS score for trials that used this measure was 51.7 ±5.2 points  (n=126) (Bieryla 

& Dold, 2013; Franco et al., 2012; Lai et al., 2013; Sato et al., 2015), or for trials that used the Tinetti 

POMA (Bieryla & Dold, 2013; Pluchino et al., 2012), the mean baseline score was 26.4 ± 0.9 point 

(n=72) indicating normal balance (Lajoie & Gallagher, 2004; Tinetti, 1986). For participants with 

limited balance and mobility, baseline BBS scores were in the low to medium fall risk category (range 

37–42 points) (Szturm et al., 2011). 

Mean BBS scores from three trials in community-dwelling participants (Franco et al., 2012; Lai et al., 

2013; Sato et al., 2015) (n=105) that compared AVGs to no intervention on BBS scores were pooled 

for meta- analyses (Figure 5.3).  A significant difference in favour of AVGs over no intervention was 

demonstrated (MD 0.73, 95% CI 0.17 to 1.29). Pooled data (n=49) that compared active video game 

BBS scores to conventional exercise (Franco et al., 2012; Szturm et al., 2011), also showed an effect 

in favour of AVGs (MD 4.33 95% CI 2.93 to 5.73) (Figure 5.3). Additionally, Laver et al., (2012) 

also reported a significant improvement in the modified BBS scores in hospitalised inpatients in 

favour of AVGs compared to conventional exercise (MD 0.59, 95% CI 0.02 to 1.16) (Laver et al., 

2012). 

For trials that used the Tinetti POMA, no significant between-group changes in balance scores were 

reported (Franco et al., 2012; Pluchino et al., 2012; Toulotte et al., 2012).  
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Other individual item balance measures used were the single-legged stance (Lai et al., 2013; Pluchino 

et al., 2012) and the forward reach test (Bieryla & Dold, 2013; Pluchino et al., 2012; Sato et al., 

2015).  One trial reported a significant change in the forward reach score for the AVGs group over the 

control (Sato et al., 2015), but no significant findings were reported for the single-legged stance.  

5.5.8 Self-report balance confidence measures 

Three trials used the Activities-specific Balance Confidence Scale (Laver et al., 2012; Rendon et al., 

2012; Szturm et al., 2011) and five trials used a falls efficacy scale (FES)  (Jorgensen et al., 2013; Lai 

et al., 2013; Pichierri, Murer, et al., 2012; Pluchino et al., 2012; Schoene et al., 2013).  

Significant change scores in favour of the AVGs were reported for the Activities-specific Balance 

Confidence Scale in two (Rendon et al., 2012; Szturm et al., 2011) of the three trials (Laver et al., 

2012).  

Differences in study participants and variation in FES scales used precluded combined analyses of the 

subjective balance measures. Of the five trials that used a FES scale, two showed significant between 

group differences favouring AVGs (Jorgensen et al., 2013; Lai et al., 2013) and three showed no 

significant differences between groups (Pichierri, Murer, et al., 2012; Pluchino et al., 2012; Schoene 

et al., 2013). 

 

Figure 5.2: 30 s Chair-Stand Scores 
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Figure 5.3: Berg Balance Scale Scores 

5.5.9 Adverse events 

Two trials monitored adverse events (Laver et al., 2012; Schoene et al., 2013). Of these, one reported 

adverse events that were minor in nature (musculoskeletal strain, feeling giddy) and occurred in both 

control (conventional exercise) and intervention groups (Laver et al., 2012). 

5.5.10 Trial completion and program adherence rates 

Trial completion rate was defined as the number of participants who completed the trial. The median 

trial completion rate was 89% (IQR 80–100). 

Program adherence was defined as the percentage of prescribed exercise sessions completed over the 

program duration. For the 10 trials that reported program adherence, the range was 77–100% in the 

intervention (AVG) group and 87–100% in the control group (Duque et al., 2013; Franco et al., 2012; 

Jorgensen et al., 2013; Laver et al., 2011; Maillot et al., 2012; Pichierri, Coppe, et al., 2012; Pichierri, 

Murer, et al., 2012; Pluchino et al., 2012; Sato et al., 2015; Schoene et al., 2013), which is at the 

higher end of previously reported adherence rates for exercise RCTs (Martin & Sinden, 2001). Based 

on the reported reasons for participant drop outs, there was no indication that completion or adherence 

rates were associated with any dislike of the intervention (AVG) itself.  

5.5.11 Game appeal 

Five trials evaluated participants’ perceptions of game appeal (Franco et al., 2012; Jorgensen et al., 

2013; Laver et al., 2011; Maillot et al., 2012; Schoene et al., 2013). Of these, four reported positive 
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feedback, noting that participants found AVGs to be motivating and enjoyable (Jorgensen et al., 2013; 

Schoene et al., 2013), manageable and comparable or preferable to other physical activity (Franco et 

al., 2012; Maillot et al., 2012). The fifth trial, which used hospital inpatients (Laver et al., 2012; Laver 

et al., 2011), reported no strong preference for the way in which their therapy was delivered prior to 

therapy commencement. However, after using the AVGs, respondents reported a preference for 

conventional therapy, citing they felt it to be more effective, despite having not received the other 

approach (Laver et al., 2011). 

5.6 DISCUSSION 

This review included 18 RCTs that compared AVGs to conventional exercise or to no intervention or 

usual care in older people.  AVGs were found to be more effective than conventional exercise and no 

intervention for improving balance (BBS) and mobility (30 s sit to stand) in community-dwelling 

older people. Additionally, the only trial that enrolled hospitalised older people also reported that 

AVGs were more effective at improving balance and mobility scores when compared to conventional 

rehabilitation.  

5.6.1 Strengths and limitations 

This is the first systematic review of AVGs that has included a meta-analysis of RCTs for improving 

physical capacity measures in older people. Limitations of this review include the relatively high risk 

of bias scores of some of the trials included in the meta-analysis. The diversity in trial design and 

outcome measures limited the extent to which study results could be pooled. To minimise this 

heterogeneity, only studies with the same outcome measures were pooled.  For this reason, analyses 

were undertaken on a small number of studies, which increased the confidence intervals for pooled 

data.  Additionally, the conservative assumptions made for pooled data regarding standard deviations 

may have influenced the calculated effect size effects.  

5.6.2 Participants 

Participant eligibility criteria of included trials were strict, with exclusion of people with cognitive 

impairment and mobility limitations with the exception of one trial in an acute hospital environment 
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(Laver et al., 2012).  Because of this, it is unclear whether AVGs are equally suitable for older people 

with significant cognitive impairments, balance or mobility limitations. 

Interestingly, the high baseline mobility and balance scores of participants in some trials might have 

masked clinically relevant improvements that may be seen in a more mobility-limited group of older 

people. While the improvement in BBS scores for AVGs compared with conventional exercise shown 

in the meta-analyses was above the 4-point change considered clinically meaningful (Donoghue et al., 

2009), some trials noted that participants scored near the ceiling of the baseline balance tests, making 

it difficult to measure improvement (Franco et al., 2012; Jorgensen et al., 2013; Pluchino et al., 2012). 

5.6.3 Program usability and safety  

With the exception of one trial conducted in the home environment (Schoene et al., 2013), game play 

was supervised and offered to individuals rather than groups. Whether participants other than high 

functioning individuals could manage the AVGs without supervision has not been adequately 

explored. Nevertheless, there were few adverse events reported, suggesting the AVGs are safe when 

supervised.  

The program adherence rates were good, but the intervention durations were short. Hence the high 

adherence was likely related to the novelty factor; and the sustained effect of AVG use is unclear.  

In terms of game appeal, community-dwellers enjoyed the games. However, the hospitalised older 

people who received AVGs reported a preference for conventional therapy (Laver et al., 2011). This 

variance of opinion may be due both an older person’s perception of using AVGs for rehabilitation, 

and the suitability of the game for the older person, in terms of the visual display and the ease of use 

of the control devices.  Some trials modified the AVGs to suit the older person, in terms of reduction 

of onscreen information, selection of age appropriate music and speed of play (Pichierri, Murer, et al., 

2012; Sato et al., 2015; Schoene, Lord, Verhoef, & Smith, 2011). Future development of AVGs for 

older people may need to consider these aspects of game play. 

Lastly, whether AVGs can be used with groups rather than individuals requires investigation. 

Environments such as care homes do not always have the capacity to supervise individual exercise 
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programs. On this basis, AVGs may be unsuitable for a group exercise program, unless combined 

with other activities as part of an activity circuit. 

5.6.4 Summary 

AVGs are a useful intervention for improving physical capacity measures of balance and mobility in 

older people.  Future work may consider monitoring adherence to an AVG program combined with 

conventional exercise, offered over longer period (12 months), to older people with a broader range of 

physical and cognitive abilities. 
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Chapter 6: KEEPING ACTIVE USING ACTIVE VIDEO GAMES: A 

CLUSTER RANDOMISED CONTROLLED TRIAL IN RESIDENTIAL 

AGED-CARE FACILITIES 

6.1 INTRODUCTION 

The systematic review in the previous chapter found AVG programmes could improve balance (the 

Berg Balance Scale) and mobility (the 30 s sit to stand) measures in community-dwelling older 

people. This review also indicated that AVGs were well received by community dwellers, with the 

exception of their use for rehabilitation in an acute hospital environment. Whether AVGs could 

benefit participants other than high functioning individuals has not been adequately explored. 

This chapter addresses this question. It describes a trial of an AVG intervention within residential 

aged-care facilities located in Auckland, New Zealand, with the purpose of improving mobility and 

habitual activity levels in aged-care residents.  

Author contribution 

The candidate developed the research question, the study protocol and ethics application. She 

contributed to data collection, completed the data analysis, and wrote the manuscript. Ngaire Kerse, 

Ralph Maddison and Jochen Klenk provided critical review and comment on the manuscript.  

Ethical approval 

Ethical approval was granted by the University of Auckland Human Ethics Committee (Ref: 010801). 

The trial was registered with the Australian New Zealand Clinical Trials Registry (Trial registration 

number ACTRN12614000116628). 
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6.2 ABSTRACT 

Background: Participation in physical activity can improve measures of physical capacity in aged-

care residents, which contributes to maintenance of independence. However, devising suitable 

physical activity programmes for residents is challenging, because physical and cognitive 

impairments make it difficult for them to engage in activity.  

Purpose: To investigate the use of active video games (AVGs) for aged-care residents for the purpose 

of improving mobility and time spent upright (standing and walking). 

Methods/Design: A cluster randomised controlled trial of nine aged-care residential facilities in 

Auckland, New Zealand was conducted. Four residential aged-care facilities (n=29, aged 84.7±7.4 yrs.) 

were randomised to AVGs held twice weekly for eight weeks. The remaining five facilities (n=36, 

aged 85.8±7.2 yrs.) were randomised to usual activities (control).  

Outcome Measures: Mobility measures conducted at baseline (pre-intervention), and eight weeks 

post-randomisation were the Timed Up and Go (TUG) and the de Morton Mobility Index (DEMMI). 

Percentage of time spent upright (standing or walking), measured using a body-worn accelerometer 

was assessed as a secondary outcome measure. Cognition was assessed at baseline using the 

Abbreviated Mental Test Score. Adherence to the AVG programme, adverse events and retention to 

the study were also documented.  

Results: Retention in both groups was high with 89% of participants completing all assessments. 

Participants attended a mean of 9.3±4.9 of 16 (58%) of the AVG sessions offered. No statistically 

significant differences in mobility measures (DEMMI or TUG) or upright time were found between 

intervention and control groups at eight weeks. However, there was a significant improvement in 

DEMMI scores (p=0.03) and a trend towards improvement in TUG scores (p=0.05) in AVG 

participants without cognitive impairment when compared to those with cognitive impairment No 

adverse events were reported.  

Conclusions: An eight week supervised AVG programme did not improve mobility measures in 

aged-care residents. Nevertheless, the comparatively good attendance rate and lack of adverse events 
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shows the AVG programme to be safe and acceptable for residents. A programme of longer than eight 

weeks may be required to demonstrate significant improvements in residents’ mobility.  

6.3 INTRODUCTION 

Older people living in residential aged-care are considerably less active than their community-

dwelling counterparts (Egerton & Brauer, 2009; Koltyn, 2001); yet maintaining mobility assists older 

people to retain a level of functional independence (Singh, 2002).  Systematic reviews show that 

physical activity programmes can minimise the decline or improve measures of physical function of 

aged-care residents (Crocker et al., 2013; Weening-Dijksterhuis et al., 2011); however developing 

suitable and engaging exercise programmes for aged-care residents, many of whom have physical and 

cognitive limitations can be challenging. The two main approaches used in aged-care are supervised 

practice of activities of daily living or  physical exercise programmes (Crocker et al., 2013). Factors 

reported to negatively impact on the effectiveness of these exercise approaches are significant 

mobility or cognitive impairments and low adherence rates (Brittle et al., 2009; Chin A Paw, van 

Poppel, Twisk, et al., 2006; Kerse et al., 2008; Sackley et al., 2009). Conversely, factors identified by 

older people that encourage their engagement in physical activity include the enjoyment and social 

interaction, as well as their belief in the perceived health benefits of physical activity (Baert et al., 

2011; Costello et al., 2011; Schutzer & Graves, 2004).  

Initially designed to encourage activity in children (Foley & Maddison, 2010; LeBlanc et al., 2013) , 

AVGs where the person has to move to play the game, address the enjoyment aspect of exercise. 

Their advantage over traditional exercise approaches is their visual impact together with real-time 

visual and auditory feedback, which is engaging and motivating for players. AVGs are engaging for 

aged-care residents, although they are generally used more as a leisure activity than specifically for 

exercise purposes in this setting (Cyarto, Kuys, Henwood, & Blackberry, 2011; Harley, Fitzpatrick, 

Axelrod, White, & McAllister, 2010; H. C. Higgins, Horton, Hodgkinson, & Muggleton, 2010).  

Randomised controlled trials (RCTs) have begun to evaluate the effect of AVGs on physical function 

measures in older people. A systematic review and meta-analysis of RCTs, concluded there was 

evidence to support the effectiveness of AVGs for improving balance and mobility measures in 
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community-dwelling older people (Taylor et al., in press). However, only two RCTs have evaluated 

AVGs in residential aged-care (Pichierri, Coppe, et al., 2012; Pichierri, Murer, et al., 2012). While 

both these trials demonstrated AVGs to be effective for improving aspects of mobility, all RCTs to 

date have limited inclusion to older people with normal cognition (Taylor et al., in press). This limits 

the applicability of these findings when considering those in aged-care, where over 50% of residents 

may have dementia (F. E. Matthews & Dening, 2002).  

Most RCTs have used the Nintendo Wii™ platform or to a lesser extent, step mat systems (Taylor et 

al., in press). However, there are practical limitations when using Nintendo Wii with aged-care 

residents. Specifically, the speed of play of some games is too fast; and older people with cognitive or 

neurological impairments have difficulty operating the hand-held controllers required for the games 

(Cyarto et al., 2011; Harley et al., 2010; H. C. Higgins et al., 2010). A commercially available 

alternative to Nintendo Wii is the Xbox Kinect™ platform. This system uses a camera sensor to 

transmit the player’s movements onto the television screen, negating the need for peripheral devices 

such as step platforms, mats or hand-held controllers. Therefore, Xbox Kinect may be more suitable 

for older people with dexterity, motor or cognitive impairments. Further, games played using both 

Nintendo Wii and Xbox Kinect platforms have been shown to be similar in terms of the energy cost 

of game play in community-dwelling older people (Taylor et al., 2012). 

Given the evidence that AVGs can improve physical capacity measures in community dwellers, the 

aim of this trial was to examine whether an AVG programme could improve mobility and habitual 

activity levels in aged care residents.  A number of process issues associated with using AVGs with 

aged care residents were also of interest. Namely,     

6.4 METHODS 

A cluster randomised controlled trial design was used to evaluate an AVG programme for aged-care 

residents, for the purpose of improving measures of mobility.  The study was conducted between 

March 2014 and June 2015. Ethical approval was granted by the University of Auckland Human 

Ethics Committee (Ref: 010801). Written informed consent was obtained from each facility and from 

all participants, or in the case of those unable to give informed consent, their enduring power of 
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attorney/ next of kin prior to study commencement. The trial was registered with the Australian New 

Zealand Clinical Trials Registry (Trial registration number ACTRN12614000116628). The trial is 

reported according to the CONSORT statement (Campbell, Piaggio, Elbourne, & Altman, 2012).  

6.4.1 Participants and recruitment 

Residents in low level dependency residential care in the Auckland region were eligible for this study. 

Low level dependency residents are those who need assistance with most instrumental activities of 

daily living and some activities of daily living but can ambulate and feed themselves. 

Aged-care facilities within the Auckland region were recruited through advertisements in the national 

retirement village association newsletter and by direct approach to the aged-care facility management. 

Residents, identified by facility staff as eligible, were then invited to participate.  

Eligible residents were those aged 65 years or over, who could mobilise independently with or 

without a walking aid and who were deemed able to understand the study measure instructions. 

Residents who were acutely unwell, had an unstable medical, orthopaedic or neurological condition 

that would preclude exercise; or visual impairment, such that they could not see a large television 

screen as required for the intervention were excluded. Residents that were unavailable for assessment 

within the one-week recruitment time frame within the individual facility were also excluded.  

6.4.2 Randomisation and blinding 

After collection of baseline data, a biostatistician not involved in the study randomised facilities to the 

intervention or control group using computer-generated random numbers and emailed the allocation 

to the principal investigator to ensure allocation concealment. Randomisation by facility (cluster) was 

used to avoid contamination between intervention and control groups.  

It was not possible to blind study participants to the intervention. Study investigators were blinded to 

group allocation for baseline measures but not to follow up measures.  
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6.4.3 Intervention 

Participants in the intervention group were invited to participate in a twice weekly group-based AVG 

programme over an 8-week time frame, with sessions lasting approximately 35 minutes. Group sizes 

in each facility ranged six to eight participants.  

All sessions were supervised by an experienced physiotherapist or physical exercise instructor trained 

in delivering the AVG exercise programme. To negate the impact an individual instructor might have 

on the intervention, each facility was allocated three of the six instructors for the duration of 8-week 

programme.  To ensure that delivery of the AVG intervention between facilities was similar, all 

instructors supervised the AVG programme in more than one facility, 

The fitness package used was Xbox Kinect, “Your Shape Fitness Evolved, 2012”, Aging with Grace. 

This package was chosen because it comprises simple combined lower and upper limb movements 

repeated in sets of 2 minutes each that could be adapted to accommodate a group format. Lower limb 

activities include side and forward stepping, knee lifts, half squats and squat punches. Hand-held 

weights (0.5 -1 kg) were also added to some upper limb activities e.g. shoulder forward flexion, 

abduction, squat punches and half squats. Activities were conducted with residents in standing. 

Activities were progressed or varied each session, depending on the individual skill level, as judged 

by the supervising instructor.  For example, if a participant was tired or showed discomfort, the 

exercise was adapted for that individual i.e. slowed down or completed while seated.  

Although attendance was voluntary, participants were located and invited to attend each session. 

AVG sessions were located in a communal living area, meaning staff and residents that were not 

enrolled in the trial were able to join in the AVG session if they wished.  

Participants in aged-care facilities randomised to the control group continued with usual activities 

including participation in any activity sessions that they would normally attend. Usual activities 

varied by facility, but included one hour of combined dance, relaxation and physical activity once 

weekly (one facility), 20 minutes of seated upper limb exercise +/- individual exercise twice or more 
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weekly (one facility), 45 minutes of seated exercise once weekly (one facility) and no scheduled 

physical activity sessions in the remaining two facilities.  

6.4.4 Outcome measures 

Baseline characteristics collected were the participant’s age, gender, weight and height. Cognitive 

status was assessed using the Abbreviated Mental Test Status (AMTS). The AMTS is a set of 10 

questions, each with a value of 1-point, used to screen for dementia. A score of 6 or less suggests 

dementia (Hodkinson, 1972).   

Mobility was measured using two tests: (i) the Timed Up and Go (TUG) (Podsiadlo & Richardson, 

1991) and (ii) the de Morton Mobility Index (DEMMI) (de Morton, Davidson, et al., 2008). Both 

cognition and mobility measures were assessed by a single investigator.  

The secondary outcome measure was time spent upright, measured using a body-worn activity 

monitor (Dynaport MoveMonitor, McRoberts, The Hague). This monitor has previously been 

validated for use in people aged 80 yr and over (Taylor et al., 2014). The duration of time spent 

upright (in ambulation and standing) and sedentary (sitting and lying down) over a 10-hour period 

(between 10.00 am- 8:00 pm) was recorded for three days immediately before and after the 

intervention.  To determine time spent upright, the total time spent upright (walking and standing) for 

the recorded time (between 10 a.m. and 8 p.m.) over three days was calculated for each participant. 

Upright time was expressed as a percentage of the total time recorded for each participant over the 

three-day period.  

Mobility measures and time spent upright were assessed at baseline (pre-intervention), and eight 

weeks (post-randomisation).  

To determine adherence to the AVG programme and adverse events, instructors kept records of 

attendance at AVG sessions, reasons for non-attendance, any adverse events and activities completed 

at each session. 
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6.4.5 Sample size  

Data published for the DEMMI (the main outcome variable) were used to complete sample size 

calculations. Based on a baseline mean score on the DEMMI of 42 ± 15, (Said et al., 2012) and an 

expected minimal clinically important difference of 10 (80% power; 2–tailed test; 0.05 level of 

significance) 36 participants were needed in each group. Inflating this according to an estimated 

cluster design effect (cluster size of 8, intra-class correlation of 0.02 (Elley, Kerse, Chondros, & 

Robinson, 2005) 41 participants were needed in each group. These were to be recruited from 10 

facilities, assuming an average cluster size of 8, based on a quarter of residents being eligible and the 

average facility size of 35 people. 

6.4.6 Data analysis 

Change scores for the TUG, DEMMI and percentage of time upright between intervention and control 

groups were compared using the Mann Whitney U Test.   

Two sensitivity analyses were also undertaken to determine the effect of cognition and attendance on 

mobility outcomes: (i) a comparison of change in outcome measures between participants with AMTS 

(cognition) scores between 0–6 and 7–10; and (ii) a comparison of change in outcome measures 

between participants who attended ≤ 50% of AVG sessions (0–8 sessions) and those who attended 

>50% (9–16) sessions.  

For time spent upright, accelerometer data were uploaded to the supplier’s website 

(http://www.mcroberts.nl) for blinded analysis. The completed analysis was returned as a “comma-

separated-value” (.csv) file, which identified the start and end times, and the duration of five activity 

categories: sitting, lying, standing, shuffling and walking. Time spent upright was defined as standing, 

shuffling and walking. An Excel (Microsoft Office Professional Plus, Microsoft, 2013) spreadsheet 

for each participant was created from the .csv file, containing detailed information about event data 

for all recording days for each participant. 

A p value of 0.05 (two tailed) was considered significant and analyses were performed using 

Statistical Programmes for the Social Sciences (IBM SPSS Statistics Version 20). 

http://www.mcroberts.nl/
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6.5 RESULTS 

Figure 6.1 presents the flow of participants through the trial.  Two of nine facilities accommodated a 

combination of low level (rest home level) and higher dependency (hospital level) residents. Based on 

the number of rest home level (low dependency) occupied beds at the time of the trial, 42 % (n=85) of 

residents were identified by staff as appropriate for the trial.  

 

Figure 6.1: Flow of Trial Participants 
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Table 6.1: Baseline Comparison Between Groups by Intervention  

Variable Control group (n=32) AVG group (n=26) 

Age (years) 85.8±7.2 84.7±7.4 

Male: female  9: 23 6: 20 

AMTS (/10) 

 

5.56±2.76 6.00±3.64 (n=25)* 

TUG (s) 20.74± 11.72 17.96±7.16 (n=25)* 

DEMMI (/100) 69.03±14.50 65.12±13.45 

Upright time (%) 15.04±7.02 (n=22)† 13.80±5.90 (n=8)† 

Notes: Data are presented as mean ±standard deviation.  

* The AMTS not completed in one participant in the AVG group who had English as a second language 

† Upright time data is presented for participants who wore a monitor for both time periods. 

Abbreviations: AMTS Abbreviated Mental Test Score; TUG, timed up and go; s, seconds; DEMMI, de Morton Mobility 

Index 

6.5.1 Effects of the AVGs on mobility and upright time  

Change scores for the DEMMI, the TUG and percentage of time spent upright are shown in Table 6.2. 

As change scores for the DEMMI were not normally distributed (DEMMI p=0.00; TUG p=0.20, 

upright time p=0.20 in the Kolmogorov-Smirnov test), the non-parametric Mann Whitney U test was 

used to compare change scores between intervention and control groups.  No significant difference 

was found between the AVG and control groups for TUG, DEMMI or upright time (TUG U =278.50, 

z = -1.95, r = 0.26; DEMMI U =402.5, z = -0.22, r =0 .02; Upright time U =82.00, z = -.28, r = 0.05). 

Table 6.2: Effect of AVGs on Mobility Measures 

Variable n Control group  n AVG group  p value 

TUG (s) 32 -0.75 (-2.78, 1.02) 25 0.82 (-1.50, 5.46) 0.05 

DEMMI (max 100) 32 0.00 (-5.50, 1.00) 26 0.00 (-4.00, 0.00) 0.82 

Upright time (%) 22 -0.50 (-1.19, 2.34) 8 -1.30 (-4.22, 4.22) 0.78 

Notes: Data are presented as median with interquartile range. 

Abbreviations: AVG, Active Video Game; TUG, timed up and go; s, seconds; DEMMI, de Morton Mobility Index 

Sensitivity analyses were conducted to determine the effect of AVG class attendance and cognition on 

mobility outcomes. There was no significant difference in TUG score changes (U =63.00, z = -0.77, r 

=0.15) or DEMMI score changes (U =62.50, z = -1.11, r=0.22) between participants who attended 

<50% and those who attended >50% of classes (Table 6.3)  
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Table 6.3: Effect of Attendance on Mobility Measures 

Variable n < 50% Attendance n > 50% Attendance  p value 

TUG (s) 11 0.82 (0.04, 5.46) 15 -0.10s (-3.25, 6.17) 0.44 

DEMMI (max 100) 11 0.00 (-5.00, 0.00) 15 0.00 (-4.75, 2.75)   0.27 

Notes: Data are presented as median with interquartile range. 

Abbreviations: TUG, timed up and go; s, seconds; DEMMI, de Morton Mobility Index 

There were significantly greater improvements in DEMMI scores for participants with AMTS scores 

>6 when compared to participants with AMTS scores ≤ 6 (U= 39.0, z = -2.21, r= 0.4). There was also 

a trend towards an improvement in TUG scores for participants with higher cognition scores when 

compared to participants with AMTS scores ≤ 6 (U=41.0, z= -1.77 r= 0.36) (Table 6.4). 

Table 6.4: Effect of Cognition on Mobility Measures 

Variable n AMTS ≤ 6  n AMTS > 6  p value 

TUG (s) 11 2.54 (0.04, 7.44) 13 -1.16 (-2.55, 1.83) 0.08 

DEMMI (/100) 11 0.00 (-9, 0) 14 0.00 (-4.00, 10.00) 0.03 

Notes: Data are presented as median with interquartile range. 

Abbreviations: AMTS, Abbreviated Mental Test Score; TUG, timed up and go; s, seconds; DEMMI, de Morton 

Mobility Index 

Sensitivity analyses were not performed on change in upright time scores because accelerometer data 

for measurement of upright time were missing for 58% (n=15) of the AVG group and 31% (n=10) of 

the control group. Reasons for missing data were because participants (i) declined to wear the monitor 

(n=8) (ii) were deemed unable to understand its purpose sufficiently to give informed consent (n=9) 

or had English as a second language (n=1), (iii) were unavailable on the days when monitors were 

being fitted (n=1), (iv) declined to wear the monitor for both time periods (n=5) or because of 

technical malfunction (n=1). 

6.5.2 Study retention, adherence and adverse events 

Retention to the study was high, with 89% (n=59) participants in both arms completing all 

assessments.  

Participants in the AVG arm attended 58% of scheduled sessions (9.3± 4.9 out of a total of 16). Eight 

(31%) participants attended 14 or more sessions. Documented reasons for non-attendance were: 

illness, including hospitalisation; musculoskeletal pain; conflicting schedules e.g. visitors, 
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hairdresser’s or doctor’s appointments; feeling too tired, being asleep, simply not wanting to attend, 

or the resident was unable to be located by the class instructor (Table 6.5). One participant would not 

engage in the sessions, citing the visuals on the screen as inappropriate. Three participants stopped 

attending after the first two or three sessions, citing tiredness or lack of interest.  

Feedback from participants who attended was that they enjoyed the AVG exercises. The most 

common reason participants gave for attending was to improve their balance, or because they 

considered that exercise was good for them. Other aspects participants enjoyed were the scheduled 

exercise times, meaning they felt obligated to attend, versus relying solely on their own motivation to 

do exercise, and the benefit of not having to go outside of the facility for exercise. Those with specific 

neurological impairments appreciated exercising with an instructor that understood their specific 

needs.   

There were no adverse events observed in any of the clusters as a result of the intervention or 

assessments. 

6.6 DISCUSSION 

AVGs did not improve measures of mobility or time spent upright among aged-care residents over 

and above that achieved with usual activities.  However, there were improvements in mobility for 

AVG participants without cognitive impairment.  AVGs were well received by attendees, which may 

be reason enough to consider them as part of a physical activity programme in aged-care facilities.  

Reasons for the lack of effect of our AVG programme on mobility outcomes may be that the eight-

week programme duration was too short, or the intensity of the AVG programme was insufficient to 

affect change in residents’ mobility. Participant feedback in our study indicated that the AVG sessions 

were harder in terms of exercise intensity than other classes they had attended. Certainly, most 

participants needed rest breaks during some part of the session.  On this basis, we believe the intensity 

of sessions was as much as our participants could manage.  

We chose twice weekly AVG sessions to ensure sessions could be accommodated into facility 

schedules. This frequency may not have been enough to induce measurable change in aged-care 
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residents. Training frequencies of three times per week over 10 weeks have been shown to improve 

physical capacity outcomes in frail older people (Weening-Dijksterhuis et al., 2011). However, others 

suggest this frequency may not sustainable over a longer period (Chin A Paw, van Poppel, Twisk, et 

al., 2006). In summary, we suggest increasing the number of sessions offered weekly, in the 

expectation residents attend twice weekly, rather than increasing the duration or intensity of the 

individual sessions.  

We considered our participant attendance at the AVG sessions was reasonably good for a physical 

activity program in this setting.  Other trials report adherence rates of  between 42–56% (Brittle et al., 

2009; Kerse et al., 2008). In agreement with these studies, reported reasons for lack of attendance 

include conflicting schedules with other activities, as well as lack of engagement, particularly for 

those with cognitive impairment.  Sensitivity analyses indicated in the current study also suggested 

that cognitive impairment may account for the apparent lack of effectiveness of the AVGs on mobility 

outcome measures. This is an important finding in the context of the aged-care setting, where 40% of 

residents may by cognitively impaired (Alzheimer’s Association, 2012).  

Our findings are supported by other physical activity trials that have failed to show significant 

changes in functional performance outcomes in residents with cognitive impairments (Brittle et al., 

2009; Kerse et al., 2008; Sackley et al., 2009). In these studies, cognitive impairment and depression 

were reported as reasons why participants were unable to engage in a physical activity programme.  

We also identified a number of practical aspects to implementing AVGs in an aged-care facility. 

Firstly, the Xbox Kinect™ system is designed to accommodate a single player in front of the camera 

sensor. However, we chose to run the AVGs as a group intervention, with the instructor identified by 

the sensor. Group activities were chosen because it was not our observation was that participants 

focussed on the avatar, copied its movements and listened to the feedback; although in the group 

environment none were willing to stand in front of the sensor. A game platform that could capture the 

image of several participants would be better suited to a group exercise activity. Alternatively, the 

AVGs could be incorporated into an exercise circuit, allowing a single player to exercise at one time. 

Secondly, we chose an exercise package designed for older people, but not for aged-care residents. 
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The speed of play limited the number of exercises suitable for our participants. Also, the onscreen 

visual and auditory feedback confused some residents with cognitive impairment.  Therefore, the 

games need to be simplified and slowed down for aged-care residents. Extraneous visual information 

i.e. number of calories used for an exercise could be removed, in favour of viewing just the number of 

repetitions completed. Activities could also be simplified, for example performing lower limb 

exercises without arm movements or upper limb activities without leg movements. Using this 

approach, activities such as Tai Chi could also be made suitable for residents.   

Finally, AVGs require a dedicated space for the equipment (television screen and AVG unit) as well 

as sufficient space to accommodate group exercise. The trial instructors often had to disconnect and 

reinstall the equipment for each session, or move the equipment to alternative areas within the facility 

because of other conflicting activities in the dedicated space e.g. group meetings or movies. This led 

to technical problems each time the equipment was installed.  While these issues may be an artefact of 

a short-term trial, it highlights the need for a dedicated space for any exercise programme in an aged-

care facility that relies on specialised equipment.  

6.6.1 Strengths and limitations 

To our knowledge, this is the first trial of AVGs as a physical activity intervention that has included 

older people with cognitive impairment. The results can be considered generalisable, in terms of our 

participants’ age cognitive and physical abilities,  

With recruitment of nine facilities (65 participants), the study was marginally underpowered for the 

outcome measure (the DEMMI). The use of non-parametric analyses also precluded the adjustment 

for baseline covariates and adjustment of results for the cluster design. However, the calculated intra-

cluster correlation coefficient (ICC) using the TUG score change was negligible (ICC = 0.016). 

Therefore, we do not believe the lack of adjustment for clustering impacted on the results. 

We also used a body-worn activity monitor to measure change in upright time (time spent standing 

and walking) as a secondary outcome measure.  Missing accelerometer data precluded analysis of 

upright time for subgroups. Data were missing because participants declined to wear the device or 
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were deemed unable to understand its purpose sufficiently to give informed consent. In future, the use 

of smaller accelerometer devices that can be worn for several days without removal would improve 

their ease of use and their acceptability with participants.  

Finally, we were unable to control for the social interaction that instructor-led AVGs may have 

provided. The addition of a third arm, using an instructor-led social activity programme would 

provide a suitable control.   

6.6.2 Future research 

Given that the use of AVGs in this population is relatively novel, the best approach has yet to be 

established. Future studies could increase the number of sessions offered weekly to improve 

attendance without the need to increase the intensity of the individual exercise sessions. Modifying 

the AVGs by simplifying the graphics and slowing down the speed of the exercises to accommodate 

older people is also worthy of investigation. If appropriately modified, AVGs could be more easily 

incorporated into either a group-based or individual activity programme under the supervision of care 

staff without the need of considerable additional training 

6.6.3 Conclusions 

AVGs are a suitable physical activity intervention to improve mobility for a select group of aged-care 

residents, namely those with minimal cognitive impairment. To increase the acceptability of this 

approach, development of AVG programmes that are specifically designed for the older people with 

mobility and cognitive impairments warrants further development and investigation. 
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Table 6.5: AVG Attendance Register with Reasons for Non-attendance 

Facility 

and 

Subject 

Session number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1.1 Y  Y DNA Y DNA  Y DNA Y Y Y Y Y DNA Y Y Y 
 

Visitor 

left half 

way 

through 

 

 Visitor 

 

Not able 

to be 

located 

  Visitor      Fell 

earlier- 

under 

observat

ion 

  

  

1.2 Y  DNA Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
  

Doctor’s 

appointm

ent 

   

  

  

  

      

  

1.3 Y  Y DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA 
   

Too tired Too tired Too tired Too tired 

 

Feeling 

unwell 

Got the 

flu 

Got the 

flu 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

1.4 DNA DNA Y Y Y DNA DNA DNA DNA DNA DNA Y DNA Y Y DNA 
 

Sore 

back 

Sore 

back 

   

Sore 

back 

Sore 

back 

Sore 

back 

Sore 

back 

Sore 

back 

Sore 

back 

 

Not up 

to it 

Left 

early 

 

Declined 

1.5 DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA 
 

Declined Declined Declined Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

1.6 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

2.1 Y Y DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA 
   

Feels it’s 

too much  

Declined Declined Declined Declined Not 

asked 

further 

Declined Declined Declined Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

Not 

asked 

further 

2.2 Y Y Y Y Y Y Y Y Y DNA Y Y Y Y Y Y 
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Facility 

and 

Subject 

Session number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
      

  Sore 

knee 

Sore 

knee - 

some 

done in 

NWB 

  Sore 

knee - 

Declined 

Sore 

knee - 

joined in 

second 

set 

knee 

bends not 

squats 

   

  

2.3 Y Y Y Y Y Y DNA DNA Y Y Y DNA DNA DNA DNA DNA 
      

  In chapel Vertigo   

  

Vertigo Feeling 

unwell 

Feeling 

unwell 

Feeling 

unwell 

Feeling 

unwell 

2.4† Y DNA DNA Y Y Y DNA Y Y Y DNA Y Y Y DNA DNA 
   

In 

hospital 

 

2nd set 

only 

  Not able 

to be 

located  

 

  

 

Not able 

to be 

located 

  

Late Admitte

d to 

hospital 

In 

hospital 

2.5 DNA DNA DNA DNA DNA Y DNA DNA DNA DNA Y DNA DNA DNA Y DNA 
 

Not able 

to be 

located 

Not able 

to be 

located 

Not able 

to be 

located 

Not able 

to be 

located 

Not able 

to be 

located 

  Not able 

to be 

located  

Hairdres

ser 

Not able 

to be 

located 

Not able 

to be 

located 

 

Not able 

to be 

located  

Not able 

to be 

located  

Not able 

to be 

located  

 

Hairdres

ser 

2.6 Y Y DNA Y Y Y DNA Y Y DNA DNA DNA DNA DNA DNA DNA 
   

Declined 

  

  Declined 

 

  Not able 

to be 

located 

Declined Declined Declined Hairdres

ser 

Declined Unwell 

2.7 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
      

  

  

  

    

Sore 

knee 

 

  

2.8 Y Y Y DNA Y DNA Y DNA Y DNA Y DNA DNA Y DNA Y 
    

Not able 

to be 

located 

 

Not able 

to be 

located 

 

Feeling 

unwell 

  Feeling 

dizzy 

 

Declined Feeling 

unwell 

 

Feeling 

unwell 

  

3.1 DNA Y Y Y DNA DNA DNA DNA Y DNA DNA DNA Y DNA Y Y 
      

In 

hospital 

In 

hospital 

Sleeping   Waiting 

for 

visitor 

  

Half of 

session 

Sleeping 
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Facility 

and 

Subject 

Session number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

3.2 Y Y Y Y Y Y DNA Y Y DNA DNA DNA DNA Y DNA DNA 
  

Late 

   

Late Feels too 

weak 

Late   

  

Doctors 

 

Half of 

session 

 

  

3.3 Y Y Y Y DNA Y DNA Y Y Y Y Y Y Y Y Y 
    

Late Dressing 

and 

visitors 

  

  

  

      

  

3.4 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
      

  

  

  

      

  

3.5 Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 
      

  

  

  

      

  

3.6 Y Y Y DNA DNA DNA Y Y DNA Y Y Y Y DNA DNA DNA 
    

Still 

dressing 

Too tired Too tired 

  

  Late 

   

Too tired 

 

  

3.7 DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA DNA Y DNA DNA DNA 
     

Not able 

to be 

located 

Still 

dressing 

Not up 

to it 

 

Still 

dressing 

Still 

dressing 

   

Declined 

 

  

4.1 Y Y Y Y Y DNA Y Y DNA Y Y Y Y Y Y Y 
      

Vertigo 

  

Visiting 

others 

     

Half the 

session. 

Feeling 

dizzy 

  

4.2 DNA Y DNA Y DNA Y DNA Y Y DNA Y Y Y Y Y Y  
 

At rehab 

classes 

 

At rehab 

classes 

 

At rehab 

classes 

  At rehab 

classes 

 

  At rehab 

classes 
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Facility 

and 

Subject 

Session number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

4.3 Y DNA DNA Y Y Y DNA Y Y Y DNA DNA Y DNA DNA DNA 
  

Feeling 

unwell 

Feeling 

unwell 

  

  Too tired 

 

  

 

Declined 

  

Not able 

to be 

located 

Unwell   

4.4 Y DNA Y DNA Y Y Y DNA Y DNA DNA DNA DNA DNA DNA Y 
  

Not able 

to be 

located 

 

Not 

feeling 

up to it 

 

  

 

Feeling 

short of 

breath 

Did half 

of class 

in sitting 

Not able 

to be 

located 

Sleeping 

  

Not able 

to be 

located  

Feeling 

short of 

breath 

  

4.5 Y Y Y DNA Y Y DNA Y DNA DNA Y Y DNA Y DNA Y 
    

His/her 

birthday 

 

  Not 

feeling 

well 

 

Out with 

visitor 

Wanted 

to sleep 

  

Too 

tired 

did half 

of 

exercises 

seated 

Visiting 

friends 

  

4.6 Y Y Y Y Y Y DNA DNA Y DNA Y Y DNA DNA DNA DNA 
   

Late 

  

  Declined ankles 

and 

knees 

too sore 

half of 

the 

session 

Declined 

sore feet 

Half of 

the 

session - 

had a 

visitor 

 

Knees 

too sore 

Not well Not 

feeling 

up to it 

  

Abbreviations: Y, yes attended; DNA, did not attend  

† lost to follow up
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Chapter 7: GENERAL DISCUSSION 

The overall goals of this thesis were to characterise the habitual (free living) activity levels and 

activity patterns of aged-care residents as well as to examine the use of active video games (AVGs) as 

a physical activity intervention for older people living in residential aged-care. In order to achieve this 

goal, the literature on activity levels of aged-care residents was reviewed together with literature on 

objective methods of measuring activity and interventions to increase physical capacity and functional 

performance in aged-care residents. A validation study of a body-worn accelerometer was then 

undertaken to establish the accuracy of this method for measuring physical activity in those aged in 

their 80s, before measuring the activity of aged-care residents in the second study.  To inform the 

final trial of AVGs, the third laboratory-based study compared the energy expended when playing a 

range of different AVGs, using two AVG platforms (Nintendo Wii and Xbox Kinect). A systematic 

review and meta-analysis of the effect of AVGs on physical capacity outcomes in older people was 

also undertaken to ascertain the effect of AVGs on measures of physical capacity in older people and 

to identify gaps in the literature. The final trial investigated the feasibility of AVGs for aged-care 

residents for the purpose of improving mobility-related outcomes. 

The major findings of these studies are discussed below.  

7.1 UNDERSTANDING THE PHYSICAL ACTIVITY AND SEDENTARY 

BEHAVIOURS OF AGED-CARE RESIDENTS 

The first section of this thesis (Chapters 1, 2, and 3) described the physical activity levels and patterns 

of aged-care residents by: (i) summarising what is already known about the physical activity 

behaviours of aged-care residents (ii) validating a body-worn accelerometer for use with aged-care 

residents (Taylor et al., 2014) before (iii) characterising the habitual activity and sedentary behaviour 

levels and patterns of aged-care residents using a body-worn accelerometer .  

There are very few studies that describe the activity and sedentary behaviours of aged-care residents. 

When measured objectively, aged-care residents spend approximately 2–3 hours per day active or 
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upright, which is about 60–80% less then community-dwelling older people (Chin A Paw, van 

Poppel, & van Mechelen, 2006; Egerton & Brauer, 2009; Galik et al., 2014). The only study that has 

described the activity patterns of aged-care residents, reported that the duration of their activity bouts 

is about half (4 min) that of community dwellers (10 min) (Egerton & Brauer, 2009).  

With the exception of Egerton and Brauer (2009), accelerometry studies of aged-care residents have 

used activity counts to quantify physical activity periods of 24 hrs to 3 days (Chin A Paw, van Poppel, 

& van Mechelen, 2006; Galik et al., 2014). Activity counts can be used to quantify total activity, and 

to estimate activity intensity, but do not describe the types of activity that residents do. For this 

reason, an accelerometer that used algorithms for activity recognition i.e. sitting, lying, standing, 

walking was chosen to describe the activity behaviours of aged-care residents in the first section of 

this thesis. 

The aim of the first study (Chapter 2) was to validate a body-worn accelerometer for use in people 

aged 80 years or over. The key finding from this study was that the body-worn accelerometer chosen 

for measuring habitual activity in aged-care residents was accurate at discriminating activities of 

locomotion (walking, shuffling) and lying with a <1% error between video observation and 

accelerometry, although there was an error of approximately 25% when discriminating sitting from 

standing postures. Other researchers have shown greater accuracy for discriminating seated from 

standing postures by attaching two accelerometer devices to the trunk and leg in a laboratory setting 

(Taraldsen et al., 2011).  However, wearing and synchronising data from two devices was deemed 

impractical in the aged-care environment.   

The second study used accelerometry to describe the activity levels and habitual activity patterns of 

30 aged-care residents aged 85 yr recruited from six aged-care facilities.  In agreement with previous 

studies (Chin A Paw, van Poppel, & van Mechelen, 2006; Egerton & Brauer, 2009; Galik et al., 

2014), residents spent approximately 8.5 hrs of the waking day seated or lying down. Also in support 

of previous findings (Egerton & Brauer, 2009), over 50% of all upright bouts were less than 10 

minutes’ duration.  This study extended previous work by exploring the association between 

accelerometer-derived upright time, cognition, age and physical capacity measures.  In agreement 
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with previous work in community-dwellers, older age was associated with less upright time (Lord et 

al., 2011). However, no associations were found between upright time, cognition or mobility 

measures. This suggests that residents’ activity levels are influenced more by their personal 

preference for activity and possibly the rest home environment, rather than by their physical or 

cognitive status. While residents’ total activity levels across facilities was similar, there was 

variability in individual resident’s activity patterns. This suggests that personal preference for activity 

maybe an important factor when considering interventions to increase physical activity. 

7.2 OPPORTUNITIES FOR AN ACTIVITY INTERVENTION 

While the first section of this thesis described the physical activity levels and patterns of aged-care 

residents and considered factors that might influence activity, the second section (Chapters 4, 5 and 6) 

aimed to examine the use of AVGs to increase mobility in aged-care residents.  Based on studies that 

had examined the use of AVGs in children, the rationale for considering AVGs was to tap into the fun 

factor of physical activity.  Exploratory uncontrolled studies had also shown the potential for AVGs 

as a rehabilitation tool for older people (Agmon et al., 2011; Bainbridge et al., 2011; Bateni, 2012; 

Saposnik et al., 2010).  

However, there was a dearth of research evidence to determine whether the AVGs were of sufficient 

intensity to generate energy expenditure or were simply enhancing cognitive engagement without any 

demonstrable change in cardio respiratory or musculoskeletal activity. On this basis, the first study in 

this section (Chapter 4) sought to quantify the energy cost of  active video game play in older people 

(Taylor et al., 2012). Also of interest was whether the balance deficits often associated with 

increasing age might restrict game play. Therefore, the possibility of playing AVGs in a seated 

position for those with strength or balance limitations was also explored. 

Energy expenditure was measured using indirect calorimetry in 19 community-dwelling older people 

(70.7 ± 6.4 yr) while playing the equivalent games using two consoles (Xbox Kinect and Nintendo 

Wii). Wrist and hip accelerometer activity counts were also recorded to quantify the amount of 

movement generated by game play. Mobility and balance were also assessed using the Mini-BESTest, 

the Activities-specific Balance Confidence Scale, and the Timed Up and Go. 
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The key finding was that the energy cost associated with playing AVGs was equivalent to light 

physical activity (ranging from 1.5- 3.0 METs), which is similar to the energy cost of engaging in 

light household and leisure activities that community-dwelling older people do (Mace et al., 2015).  

There was no difference in energy expenditure, activity counts, or perceived exertion between 

equivalent games played while standing and seated. Nor any significant differences in energy cost 

according to the participants’ balance status.  

This is the first study to quantify the energy cost of playing AVGs in this age group. The implication 

of these findings are firstly that AVGs offer an opportunity for low intensity exercise for older people. 

Also particular relevance to frailer older people, AVGs might be equally as efficacious for increasing 

energy expenditure and activity when played seated for those where limited balance or mobility make 

standing difficult.    

A number of controlled pilot trials of AVGs for older people had been published subsequent to the 

completion of this study. This necessitated an updated systematic review of AVGs RCTs for 

improving physical capacity outcomes in older people. 

Chapter 5 was a systematic review and meta-analysis of AVGs for older people to improve mobility. 

A total of 18 RCTs trials published between 2011 and 2014 were included, which focussed primarily 

on improving balance in community-dwelling older people. In terms of benefit, meta-analysis showed 

AVGs were found to be more effective than conventional exercise or no intervention for improving 

balance (Berg Balance Scale) and mobility (30 s sit to stand) in community-dwelling older people. 

Additionally, the only trial that enrolled hospitalised older people also reported that AVGs were more 

effective at improving balance and mobility measures when compared to conventional rehabilitation.   

In terms of participants, inclusion criteria were strict, with exclusion of people with cognitive 

impairment and mobility limitations with the exception of one trial in an acute hospital environment 

(Laver et al., 2012).  Because of this, it remained unclear whether AVGs were equally suitable for 

older people with significant cognitive impairments, balance or mobility limitations. 
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In terms of practical application, all but one trial used supervised game play, offered to individuals 

rather than groups. Most trials used the Nintendo Wii game platform, which requires a step platform 

peripheral, or a hand-held controller. This limits game play to individuals and requires a person to 

have the dexterity to use a controller and balance to stand on a step platform.   

These findings raised a number of questions regarding the use of AVGs in a residential aged-care 

facility.  Firstly, whether AVGs were suitable for older people with significant cognitive impairments, 

balance or mobility limitations. Secondly, as aged-care facilities may not have the capacity to 

supervise individual exercise programs, whether AVGs could be used with groups rather than 

individuals needed consideration.  

The final study (Chapter 6) was a cluster randomised controlled trial, which sought to investigate 

AVGs for aged-care residents for the purpose of improving measures of mobility. There were a 

number of key findings from this trial. Firstly, while no statistically significant improvements in 

mobility outcomes were found in favour of AVGs, there was a trend towards improved mobility 

scores in AVG participants without cognitive impairment. Given that previous studies of AVGs have 

excluded cognitively impaired participants, this is an important finding in the context of the 

residential aged-care setting, where a large proportion of the population are cognitively impaired. In 

terms of acceptability, the majority of participants attended just over half of the scheduled sessions. 

This attendance rate was similar or better than that reported in other studies of activity programmes in 

residential aged-care, but lower than would be expected in a community setting, Consequently, 

regardless of the effectiveness of the intervention, AVGs in their current form may only be suited to a 

proportion of aged-care residents.  

7.3 STRENGTHS AND LIMITATIONS 

This is one of the first pieces of research that has characterised patterns of active and sedentary 

behaviour in aged-care residents. Describing the habitual activity and sedentary behaviour patterns of 

aged-care residents offers a basis for comparison with other groups of older people as well as an 

objective basis for developing programmes to change physical activity behaviours.  
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With the growing interest in computer-based interactive technologies to increase activity, this is also 

the first cluster RCT of AVGs in residential aged-care; and provides valuable information the 

feasibility of using AVGs to increase the mobility of aged-care residents.  

Limitations of the specific studies have been discussed in the respective chapters. However, 

limitations of the thesis in its entirety deserve further consideration.  

Firstly, community-dwelling older people, not aged-care residents were recruited for the study 

described in Chapter 4, Activity and energy expenditure in older people playing active video games. 

Community-dwellers were used because participants required good cognition to understand the 

testing procedure and needed to travel to the laboratory for testing, which largely precluded enrolment 

of aged-care residents. Hence, the sample used to quantify the energy cost of playing AVGs were 

younger and more mobile than participants in the subsequent trial of AVGs; meaning results from this 

energy expenditure study may not be directly transferable to aged-care residents.  

Secondly, accelerometer-derived change in total upright time at baseline and post intervention was 

used in the AVG trial (Chapter 6) as an outcome measure, rather than changes in activity and 

sedentary behaviour patterns. Given the findings from other studies that indicate patterns of activity, 

rather than total activity is associated with markers of metabolic health (Chastin et al., 2012; Healy et 

al., 2015), analysing activity patterns (the duration and number of upright and sedentary events) 

would have provided more detailed information on activity behaviours than measurement of total 

upright time alone.  Also, monitoring activity on days when residents participated in the AVG 

sessions (using repeated measures) would have provided information on daily changes in sedentary 

and upright behaviour patterns that may have occurred as an immediate result of the intervention.  

The rationale for using a pre and post intervention measurement, rather than using repeated measures 

was done for pragmatic reasons. The accelerometer had to be removed for bathing and was not well 

tolerated for sleeping, therefore devices had to be refitted each morning by a study investigator to 

ensure they were worn correctly. A repeated measures design would have required more study 

investigators than were available to check devices daily over several facilities. The use of smaller 
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waterproof accelerometer devices that can be worn for several days without removal would improve 

their ease of use and allow continuous data collection over longer time periods.   

Finally, the acceptability of AVGs for aged-care residents described in the AVG trial (Chapter 6) was 

determined by participant attendance at AVG sessions and by informal verbal feedback from 

residents. AVG session attendance may not specifically reflect the acceptability of AVGs, as a much 

the acceptability of any physical activity intervention.  Indeed, AVG session attendance was similar to 

that reported in trials of other physical activity interventions (Brittle et al., 2009; Kerse et al., 2008). 

In addition to documenting attendance, it had been the intent to run focus group interviews with 

residents and staff to ascertain their opinion on the AVGs, and on physical activity in general. 

However, it became apparent that focus groups, which are reliant on recall and discussion were not 

suited to aged-care residents, where over half have cognitive impairment.  

7.4 IMPLICATIONS FOR FUTURE RESEARCH 

Implications for future research are considered in terms of both the measurement of physical activity 

and sedentary behaviours and also the use of AVGs as an intervention to increase mobility in aged-

care residents. These implications may be applicable to older people with similar characteristics to 

those described in this thesis regardless of their living environment, but this assumption also requires 

testing in future research. 

7.4.1 Measuring physical activity and sedentary behaviours 

This thesis provides evidence that aged-care residents are sedentary for protracted time periods during 

their waking day. Even in this narrow age band (85 ± 7 yr), older age was associated with a decline in 

total time spent upright. Further studies are needed to replicate these findings and to consider further 

correlates with activity and sedentary behaviours.  

However, the lack of association shown between accelerometer-derived total upright time and 

measures of cognition and physical capacity in aged-care residents shown in this thesis and other 

studies of community dwellers and hospital inpatients  (Benzinger et al., 2013; Lord et al., 2011; 

Nicolai et al., 2010; Rapp et al., 2012; Zalewski et al., 2009) indicates that an older person’s habitual 
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activity levels are influenced by factors others than physical capacity or cognition. The lack of 

association or weak association between total activity time and measures of cognition or physical 

capacity also indicates that measures of total time spent active or sedentary may be insensitive to 

subtle differences in physical activity behaviour.  

Therefore, any future analysis needs to examine the associations between more complex parameters 

of sedentary and active behaviour patterns and health indicators or environmental factors, for example 

analysis of the duration and the number of sedentary or upright events. As discussed in Chapter 1, 

these indicators have shown that Parkinson’s Disease subjects and healthy controls have different 

strategies for accumulation of sedentary time (Chastin et al., 2010); as well as an association between 

sedentary behaviour patterns and lower limb adiposity in older people (Chastin et al., 2012).  

Not only may a measure of total upright time be insensitive to change, but the AVG trial discussed in 

Chapter 6 was not adequately powered to show a significant between-group differences in upright 

time. However, a recent RCT that compared geriatric to orthopaedic ward management post-hip 

surgery has shown significant between group differences for the length, but not the number of upright 

events after discharge (Taraldsen et al., 2015). This suggest that the intervention these patients 

received influenced habitual activity patterns.  

In brief, analysis of the activity and sedentary behaviour patterns of the oldest old and their possible 

association with health indicators shows promise and is worthy of further investigation.  Future 

research should continue to:  

(i) Examine the habitual physical activity and sedentary patterns of the oldest old living in all 

environments, including aged-care facilities.  

(ii) Examine the associations between habitual physical activity and sedentary behaviour patterns 

and potentially relevant environmental and/or health status correlates e.g. physical or medical 

health status indices, mood, psychosocial or quality of life measures.  

(iii) Incorporate measures of habitual physical activity and sedentary behaviour into controlled 

intervention trials that target potentially relevant correlates e.g. psychosocial and mood status. 
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7.4.2 Promoting physical activity in residential age care facilities 

AVGs are a novel approach to delivering a physical activity programme for older people. With the 

proviso that AVGs in their current form are better suited to those with minimal cognitive impairment, 

the systematic review and the feasibility trial presented in this thesis provide evidence that AVGs are 

safe and potentially effective for improving mobility and balance in aged-care and community-

dwelling older people.  

Based on the finding of this thesis, future research can be considered in the domains of:  

(i) Future development of AVG technology for older people 

(ii) Future controlled trials of AVGs for older people 

(iii) Development of aged-care physical activity guidelines  

(i) Future development of AVG technology for older people 

Several physical rehabilitation interventions for aged-care residents have been shown to be beneficial 

for improving measures of function. Although the specific types of intervention with most benefit, 

and how these relate to resident characteristics, is unclear (Crocker et al., 2013). Given that 

participation in activity is influenced by personal preference (e.g. motivation, confidence and health 

beliefs), a range of different approaches are probably required to accommodate individual resident’s 

interests and needs.  

The difference between AVGs and other physical rehabilitation approaches trialled in aged-care 

facilities to date is the mode of delivery, rather than the programme content. AVGs can use a ‘virtual’ 

onscreen trainer and deliver immediate auditory and visual feedback on player performance without 

the need of a real instructor. The benefit of this technology is that it could be used to deliver any 

activity programme content that would otherwise be delivered by a trained instructor, physiotherapist 

or occupational therapist (i.e. ADL practice, leisure activities and strength, balance and aerobic 

exercises).  Potentially, well devised AVG programmes could be managed in a residential care setting 

by care staff, with minimal additional training.  
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In terms of future development, the existing AVGs require modification to make them more suited to 

aged-care residents. Specifically, activities need to be slowed down and simplified to accommodate 

people with cognitive impairment, balance and mobility limitations. Feedback needs to be modified to 

make it appropriate to the goals of an older person. Some activities also need to be able to be 

delivered in a group setting. Consideration also needs to be given to incorporating activities that 

would be acceptable to cognitively impaired individuals. Lastly, the development of more balance 

activities and ADL activities based on existing trials that have demonstrated benefit is needed.  

(ii) Future controlled trials of AVGs  

There is evidence of the short term effects of AVGs on mobility and balance (Taylor et al., in press), 

but the effect size has not been well established nor have sustained effects of AVG interventions been 

evaluated. However, until AVGs have been modified to better suit aged-care residents, it is 

inappropriate to consider their use in a larger controlled trial.  

If AVGs were developed to better suit aged-care residents, future research should consider the 

sustainability of any improvements, the effect of the intervention on quality of life and care staff 

satisfaction; and continue to evaluate whether individual differences (e.g. age, gender, frailty, 

cognitive and mood status) affects outcomes.  

To meet these objectives, a more comprehensive trial approach is required, with care staff trained and 

supported to provide the AVGs over a longer time frame. This would enable evaluation of any 

sustained changes in resident function and care staff satisfaction. Outcome measures also need to be 

expanded to include measures of well-being, life satisfaction and perceived health status, fall and 

hospitalisation incidence, as well as the previously described measures of activity and sedentary 

behaviour pattern changes. Trial design could also include a social intervention to control for 

attention.   

(iii) Development of aged-care facility physical activity guidelines  

Given the paucity of information available on the activity levels of the oldest old and associations 

between activity levels in the oldest old and relevant health indicators, it is not surprising that there 
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are no guidelines on the appropriate levels of physical activity for these elderly. There are also no 

specific guidelines or requirement for the inclusion of physical activity in aged-care facilities in New 

Zealand  (District Health Board Shared Services, 2015).  Although New Zealand surveys describe 

residents’ dependency levels (Bonita, Broad, Richmond, & Baskett, 1990; Boyd et al., 2011), there is 

no information available on the programmes offered in New Zealand aged-care facilities aimed at 

minimising dependency. It became evident throughout this thesis that the aged-care facilities 

developed their own activity programmes, based on the individual facility objectives and the available 

staff knowledge base. Hence there was a wide variation in the physical activity programmes offered 

by facilities.  

To support the development of evidence-based activity programmes that can be feasibly delivered by 

care staff, future work could first consider development of best practice guidelines for residential 

aged-care physical activity programmes, based on surveys of current practice and the research 

evidence available. Best practice guidelines could form part of an education programme for facility 

staff and information support for facilities.   

7.5 CONCLUSIONS 

Aged-care residents are sedentary for long time periods and their activity levels decline with their 

advancing age. Cognition and measures of mobility are not related to aged-care residents’ habitual 

activity levels. However, associations between habitual activity and sedentary behaviour patterns and 

health status measures have not been explored. This is worthy of further investigation.  

Physical activity programmes for aged-care residents can assist in maintaining a level of 

independence in activities of daily living, which contributes to quality of life. However, for aged-care 

residents, the potential for such activity is limited. AVGs in their current form are safe and a suitable 

physical activity intervention for aged-care residents. Modification of AVGs is required to meet the 

needs of aged-care residents with cognitive and mobility limitations. Any future research should 

consider the sustainability of any improvements, the effect of the intervention on quality of life and 

care staff satisfaction; and continue to evaluate whether individual differences (e.g. age, gender, 

frailty, cognitive and mood status) affects outcomes.   
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APPENDICES 

APPENDIX 1: PARTICIPANT INFORMATION SHEETS 

 
 
Department of Psychological Medicine 
 

       
The effects of robots on health outcomes 
in a retirement village: Activity Monitoring 
(Study 6) 
 
Resident Participant Information Sheet  

 

December 2012 

 
Researchers: Dr Elizabeth Broadbent (Senior 
Lecturer), Associate Professor Bruce MacDonald, 
Professor Ngaire Kerse, Kathy Peri, Chandimal Jayawardena, Rebecca Stafford, Tony 
Kuo, Chandan Datta, Abdelaziz Abdelhamid, Lynne Taylor 
 
If you are interested in taking part in this research please contact: Lynne Taylor, 
phone 64 9 921 9157, email lm.taylor@auckland.ac.nz 

 

Dear Mr/ Mrs.................................................... 

 
We are developing a healthcare robot for older people and an activity monitoring system. 
We are a multidisciplinary group including engineers, computer scientists, health specialists 
and psychologists.  
 
Introduction 
You are invited to participate in a study aimed at investigating a movement sensor system.  
The sensor is designed to detect a person’s movement. It can potentially be used to 
measure how active a person is in their day and also to detect if a person has fallen. This 
study will contribute toward development of an automated falls and activity detection system 
for older people. It extends our previous study carried out at Selwyn Village over 2010-2011.  
We hope to enrol 20 residents aged 80 years or over for this current study. 

This sheet provides an overview of the studies so you can make an informed decision about 
whether or not you would like to participate.  You are under no obligation to participate in this 
project.   

 

About the Study 
The overall aim of the study is to investigate whether a falls detection and activity monitoring 
system can be useful for residents, residents’ relatives and staff at Selwyn Village.  The 
movement sensor we are using is a small device, smaller than a cell phone, which is worn 
around the waist on a belt, which records activity when it is worn.  

This part of the study will test whether the movement sensor can detect different movements 
accurately.  
 

 
The University of Auckland 
Private Bag 92019 
Auckland 
New Zealand,  
 
Auckland Hospital Support Building 
www.health.auckland.ac.nz 
 
Telephone: 64 9 373 7599 extn 86531 
Facsimile: 64 9 373 7013 
Email: e.broadbent@auckland.ac.nz 
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To test the sensor, residents will be asked to do a sequence of activities: get up from a chair 
(sit to stand), sit down (stand to sit), walk a bit, (between 2 and 6 metres maximum) and then 
sit, lie down and stand. Each activity is performed 2 or 3 times, while wearing the sensor. 
Then participants will be asked to move freely for about minutes in their usual environment, 
during which time they would be asked to sit and lie down once during that time. Participants 
can use their normal walking stick or walking frame while completing these activities.  
 
The activities are recorded with a video camera so we can check that the monitor has 
correctly identified all the activities. The video would be confidential to the researchers.   
 
This test would be completed at Selwyn Village/Heights and takes approximately 30 
minutes. 
 
We will also ask about any recent falls and any medications you are currently taking.  This is 
necessary to provide brief information on your health status. You are under no obligation to 
answer any of the questions if you do not want to.  
 

Storage of data 

The written information will be stored for 6 years in a locked cabinet and locked office and 
then destroyed by shredding. Video will be stored as digital files and deleted after six years. 

 

Participation 

Your participation is entirely voluntary (your choice). If you do agree to take part you are free 
to withdraw from the study at any time, without having to give a reason. You have the right to 
withdraw your data up to 7 days after you complete the study. The CEO has given his 
assurance that participation or non-participation will not affect your care.  

 

Benefits, Risks and Safety 
 
The participants in this study will help us to develop the best technology for the care of older 
people. Over all benefits of movement sensors may include: 

 Increased feeling of ‘safety’ by staff and residents as a result of the monitoring for 
falls 

 The ability to accurately measure how active a person is, for example following a 
rehabilitation exercise program  

 
Confidentiality 
 
All the information obtained from this study will be treated confidentially and will be 
available only to the researchers.  We are not interested in individual data and 
individual results will be combined with the results of other people. No information which 
could personally identify participants will be used in any reports on this study.  The 
questionnaires will be coded with a number instead of names and will be stored in 
locked files. Chiptech, Zephyr, Robert Bosch Hospital and ETRI may use anonymised 
digital activity data from the activity monitors to assist the development of activity 
monitors for use in elderly populations. In this case the manufactures will sign a 
confidentiality agreement. Information obtained in this study will be used to support 
research theses and scientific publications. 
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Results 

A summary of the results from this study will be sent to all participants who would like to 
receive it, and to the CEO of Selwyn Village. It is anticipated that results will be published in 
a scientific journal.  No identity of the participants will be disclosed in any of the publications 
without prior consent taken separately. As it takes some time to analyse the results of 
studies, it may be up to six months after your participation that you receive this information. 
 
Source of funding: 

This research is supported by funding from the Foundation of Research Science and 
Technology and The University of Auckland and from the Ministry of Knowledge Economy, 
Korea. 
 
 
Contact details: 

Please feel free to contact Elizabeth Broadbent (the Principal Investigator) or the other 
investigators on the contact numbers provided below. 
 
Telephone:  373 7599 ext. 86756 (Elizabeth Broadbent), ext. 88157 (Bruce 
MacDonald), ext. 84467 (Professor Ngaire Kerse). 

Head of Department: Professor Rob Kydd, phone 3737599, ext. 86531. 

 

For any queries regarding ethical concerns you may contact the Chair, The 
University of Auckland Human Participants Ethics Committee, The University 
of Auckland, Office of the Vice Chancellor, Private Bag 92019, Auckland 1142. 
Telephone 09 373-7599 ext. 83711. 
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS 
ETHICS COMMITTEE ON 1st September 2011 for 3 years, Reference Number 
2011/7461 
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Department of Psychological Medicine 
 

       
The effects of robots on health outcomes 
in a retirement village: Activity Monitoring 
(Study 6) 
 
FAMILY/EPOA Participant Information Sheet  

 

December 2012 
Researchers: Dr Elizabeth Broadbent (Senior 
Lecturer), Associate Professor Bruce MacDonald, 
Professor Ngaire Kerse, Kathy Peri, Chandimal 
Jayawardena, Rebecca Stafford, Tony Kuo, Chandan Datta, Abdelaziz Abdelhamid, 
Lynne Taylor 
 
If you are interested in taking part in this research please contact: Lynne Taylor, 
phone 64 9 921 9157, email lm.taylor@auckland.ac.nz 

 

Dear Mr/ Mrs.................................................... 

 
We are developing a healthcare robot for older people and an activity monitoring system. 
We are a multidisciplinary group including engineers, computer scientists, health specialists 
and psychologists.  
 
Introduction 
We are inviting Selwyn residents to participate in a study aimed at investigating a movement 
sensor system. We would like to invite Mr/Mrs …………................. (name of resident) to 
participate.  The sensor is designed to detect a person’s movement. It can potentially be 
used to measure how active a person is in their day and also to detect if a person has fallen. 
This study will contribute toward development of an automated falls and activity detection 
system for older people. It extends a previous study carried out at Selwyn Village over 2010-
2011. We hope to enrol 20 residents aged 80 years or over for this current study. 
 
This sheet provides an overview of the study so you can make an informed decision as their 
designated point of contact, about whether or not you would like Mr/Mrs……..............…. to 
participate. They are under no obligation to participate in this project. 
 

About the Study 
The overall aim of the study is to investigate whether a falls detection and activity monitoring 
system can be useful for residents, residents’ relatives and staff at Selwyn.  The movement 
sensor we are using is a small device, smaller than a cell phone, which is worn around the 
waist on a belt, which records activity when it is worn.  

 

This study will test whether the movement sensor can detect different movements 
accurately.  
 
To test the sensor, residents will be asked to do a sequence of activities: get up from a chair 
(sit to stand), sit down (stand to sit), walk a bit, (between 2 and 6 metres maximum) and then 
sit, lie down and stand. Each activity is performed 2 or 3 times, while wearing the sensor. 
Then participants will be asked to move freely for about 5 minutes in their usual 
environment, during which time they would be asked to sit and lie down once during that 

 
The University of Auckland 
Private Bag 92019 
Auckland 
New Zealand,  
 
Auckland Hospital Support Building 
www.health.auckland.ac.nz 
 
Telephone: 64 9 373 7599 ext. 86531 
Facsimile: 64 9 373 7013 
Email: e.broadbent@auckland.ac.nz 
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time. Participants can use their normal walking stick or walking frame while completing these 
activities.  
 
The activities are recorded with a video camera so we can check that the monitor has 
correctly identified all the activities. The video would be confidential to the researchers.   
 
This test would be completed at Selwyn Village/Heights and takes approximately 30 
minutes. 
 
The participant’s falls history and a list of any usual medications will also be collected from 
Selwyn care staff. This is necessary to best capture the status of our participants. All 
information will be collected with the resident’s permission.  They are under no obligation to 
answer any of the questions. 
 
Storage of data 

 
The written information will be stored for 6 years in a locked cabinet and locked office and 
then destroyed by shredding. Video will be stored as digital files and deleted after six years. 
 
Participation 

 
Participation is entirely voluntary (their choice). They do not have to take part and if they 
choose not to take part this will not affect their care. If you both agree to take part you and 
the resident are free to withdraw from the study at any time, without having to give a 
reason. They have the right to withdraw their data up to 7 days after they complete the 
study. The CEO has given his assurance that participation or non-participation will not 
affect your relationships with the village or the resident’s level of care. 
 
Benefits, Risks and Safety 
 
The participants in this study will help us to develop the best technology for the care of older 
people. Overall benefits of movement sensors may include: 
- Increased feeling of ‘safety’ by staff and residents as a result of the monitoring for falls 
- The ability to accurately measure how active a person is, for example following a 

rehabilitation exercise program  
 
Risks may include: 
- Staff being irritated by false positive falls alerts from movement sensors  
 
Confidentiality 
 
All the information obtained from this study will be treated confidentially and will be 
available only to the researchers.  We are not interested in individual data and individual 
results will be combined with the results of other people. No information which could 
personally identify participants will be used in any reports on this study.  The questionnaires 
will be coded with a number instead of names and will be stored in locked files. 
Chiptech, Zephyr, Robert Bosch Hospital and ETRI may use anonymised digital activity 
data from the activity monitors to assist the development of activity monitors for use in 
elderly populations. In this case the manufactures will sign a confidentiality agreement. 
Information obtained in this study will be used to support research theses and scientific 
publications. 
 
Results 
A summary of the results from this study will be sent to all participants who would like to 
receive it, and to the CEO of Selwyn Village. It is anticipated that results will be published in 
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a scientific journal.  No identity of the participants will be disclosed in any of the publications 
without prior consent taken separately. As it takes some time to analyse the results of 
studies, it may be up to six months after participation that you receive this information. 
 
Source of funding: 
This research is supported by funding from the Foundation of Research Science and 
Technology and The University of Auckland and from the Ministry of Knowledge Economy, 
Korea. 
 
 
Contact details: 
Please feel free to contact Elizabeth Broadbent (the Principal Investigator) or the other 
investigators on the contact numbers provided below. 
 
Telephone:  373 7599 ext. 86756 (Elizabeth Broadbent), ext. 88157 (Bruce MacDonald), 
ext. 84467 (Professor Ngaire Kerse). 
 
Head of Department: Professor Rob Kydd, phone 3737599, ext. 86531. 
 

For any queries regarding ethical concerns you may contact the Chair, The 
University of Auckland Human Participants Ethics Committee, The University 
of Auckland, Office of the Vice Chancellor, Private Bag 92019, Auckland 1142. 
Telephone 09 373-7599 ext. 83711. 
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS 
ETHICS COMMITTEE ON 1st September 2011 for 3 years, Reference Number 
2011/7461 
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PARTICIPANT INFORMATION SHEET - Manager– XXX    
 

 

Project title:  

Keeping Active using Exercise-based video games:  a physical activity 

programme for older people living in rest homes  
  

Researchers: Lynne Taylor, Assoc. Prof Ralph Maddison, Professor Ngaire Kerse 
 

Researcher introduction 
  

Lynne Taylor MSc, MBA, Dip Phys, is a physiotherapist undertaking a PhD at the 
University of Auckland. Her supervisors are Assoc. Prof Ralph Maddison and Prof Ngaire 

Kerse. Associate Professor Ralph Maddison, PhD is a physical activity researcher at the 
National Institute for Health Innovation, University of Auckland.   Professor Ngaire Kerse 

PhD, MBChB, is a gerontology researcher and general practitioner, based in the 

Department of General Practice and Primary Health Care, University of Auckland.  
 

Project description and invitation  
 

This study aims to determine whether playing exercise-based video games can improve 

measures of physical function in older people who live in rest homes. We also seek to 

establish the acceptability of using these interactive exercise video games for older 

people living in rest home environments. 

 

We seek permission to access the employees, residents and facilities of Remuera Care 

Home   to invite them to be participants in this research.  

 

The identity of participants and individual’s information and results will be confidential to 

the researchers. The overall pooled results from the study will be made available you, 

the CEO of XXXXXXXX. The researchers seek from you the assurance that participation, 

or non-participation, will not affect the employment status of employees, care of 

residents, or relationships with relatives.  

 

Residents and staff are under no obligation to participate in this project. 

SCHOOL OF POPULATION HEATLH 

Bldg 730, Level 3, 261 Morrin Road 

TAMAKI INNOVATION CAMPUS 

Auckland 1142, New Zealand 

Telephone 64 9 373 7599  ext. 89210 

Mobile 021 531 536 

Email: lm.taylor@auckland.ac.nz  

 

The University of Auckland 

Private Bag 92019 

Auckland 1142 

New Zealand 

DEPARTMENT OF GENERAL PRACTICE & PRIMARY HEALTH CARE 

Faculty of Medical and Health Sciences 
 
 
 
Date: 
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What are Exercise-based Video Games? 

 

These are interactive video games that require a person to move to play the game.  The 

image of the player is transported onto a TV screen, which the player can see. Exercise-

based video games can improve physical function measures in community-dwelling older 

people. Whether people living in rest homes can also benefit from these games has yet 

to be established. 
 

Project Procedures  
 

Rest Homes that have agreed to be part of the study will be randomised to participate in 

either the video games programme or to be the “control” group. Participants in rest 

homes randomised to the video games will be invited to participate in an 8-week 

programme of exercise video games supervised by the study investigator within the rest 

home. Attendance at the video exercise sessions will be voluntary (their choice). 

 

Participants in residential care facilities randomised to be in the “control” group continue 

all their usual activities.  

 

There is an equal chance of being part of the “video game” group or the “control group” 
 

Physical measures specifically designed for older people will be tested at the start of the 

study and 8 weeks later in residents in both video game and “control” groups  

These measures are the:   

 Timed Up and Go (getting up from a chair, walking 3 metres at usual pace and then 

returning to the chair and sitting down) and  

 The de Morton Mobility Index, which is a test battery of 15 mobility and balance 

tasks ranging from basic transfers (lying to sitting) to dynamic balance tasks 

(standing on toes, walking backwards).  

All measures are done under supervision and participants complete only those that they 

are able to.  

 

 The Abbreviated Mental Test, comprising 10 questions used to assess memory.  

 

 The resident’s health records will also be checked for any health condition that would 

contraindicate exercise. 
 

 Residents in both groups will be asked to wear a small movement sensor for 3 days 

at the beginning, the middle and at end of the programme.  

o The movement sensor is about the size of a playing card, less than 1 cm 

thick, worn on an elastic belt around the waist. It records movement i.e. 

walking, standing, sitting and lying down. It does not record a person’s 

identity or their location. 

 At the end of the study we will ask residents who took part in the exercise video 

games and interested staff, to take part in a group discussion (interview) about their 

opinion on the exercise video games and whether they would do them again. We will 

record this conversation, so that we do not miss anything raised in the discussion.  

 
  



 

164 

Who can participate in the study? 

 
We aim to enrol older people from rest homes that have consented to take part. 

To take part in the study, the resident will need to be able to: 

 Communicate in English 

 Stand and walk short distances (20 m) with or without a walking frame or 

walking stick.  

 See a large television screen 

Residents do not need to have a good memory to take part 

 
We also aim to enrol any interested rest home staff to talk about their views on 

exercise and the video games.  
 

What is the time commitment for the study? 

 
For residents 

 The physical measures and the memory questions will take about 1 hour each at 

the beginning and end of the study 

 The exercise-based video game programme will run for one hour sessions, twice 

weekly for 8 weeks.  

 A group interview, for those that took part in the video games at the end of the 

study will take about 45 minutes. 

 For staff 

 A group interview, for rest homes that had the video games will take about 30-45 

minutes. 
 

What are the risks and benefits of this study?  

 

Participation in the study will help determine whether video games can improve the 

physical function of older people and are suitable for use in the Rest Home environment.  

 

The Benefits of Exercise 

Exercise has been shown to have a positive effect on physical function and mobility in 

older people living in rest homes. Residents who do the video game exercises may find 

their physical function is improved by participating in this program. To ensure residents 

who are not offered the video games are not disadvantaged, they can continue to 

participate in all their usual activities including any exercise classes usually offered.  

 

Safety when Exercising 

People who are unaccustomed to exercise may develop temporary muscle soreness 

between 1 and 24 hours after exercise.  Also, pre-existing muscle or joint pain e.g. 

arthritis may be aggravated following some activities. To minimise any possibility of 

adverse reactions to exercise, the resident’s medical records will be checked for any 

risks related to exercise.  Also the physical measures we take at the beginning of the 

programme will be used to determine the suitable level of activity for the resident. The 

exercise program will be supervised at all times by a study investigator who is qualified 

to deliver exercise programs to older people. Any adverse events during the study will 

be documented and managed using the Rest Home’s standard policies. 
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Encroachment on Rest Home facilities 

Because the exercise program will be offered in a common space within the rest home, it 

may impact on residents who do not wish to participate, as well as those who do.  To 

minimise disruption, the location and times that the activity programme is being offered 

will be clearly communicated to every resident and family/whanau and staff. No resident 

will be excluded from using their common areas as usual. 

 

Data storage/retention/destruction/future use  
 

Data from this study will be stored for 6 years in separate locked cabinets in a locked 
office and then destroyed by electronic destruction techniques or paper shredding. 

 
Right to Withdraw from Participation  

 

Participation in the study is entirely voluntary (own choice).  

For residents in the video game group, participation in the video games sessions is also 

voluntary.  

Residents and staff do not have to take part and if they choose not to take part this will 

not affect their employment or care. If they do agree to take part they are free to 

withdraw from the study at any time, without having to give a reason. Participants may 

withdraw their data from the study for up to 7 days after completion of the study. 

. 
Anonymity and Confidentiality  
 

No information which could personally identify participants will be used in any reports on 

this study or given to XXXXXXXX. All information obtained from this study will be treated 

confidentially and will be available only to the researchers. We are not interested in 

individual data and individual results will be combined with the results of other people. 

The results of the performance and activity measures will be coded with a number 

instead of names and will be stored in locked files. The transcripts of group interviews 

will not include the names of those interviewed.  Reports containing anonymised data 

may be used to support theses and scientific publications. 
 

Source of Funding 

 

Partial funding to support this research has been granted from Physiotherapy New 

Zealand. 

 
Results 

 

A summary of the results from this study will be sent to all participants who would like to 

receive it, and to you, the CEO of XXXXXXX. It is anticipated that results will be 

published in a scientific journal and thesis. As it takes some time to analyse the results 

of studies, it may be up to 6 months after participation that you receive this information. 
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Contact Details  

If you have any questions, please contact 

Lynne Taylor    (Study Investigator)   email: lm.taylor@auckland.ac.nz  

ph:  373 7599 ext. 89210  

m: 021 531 536 

Ralph Maddison  (Supervisor)    email: r.maddison@nihi.auckland.ac.nz 

Ngaire Kerse   (Supervisor)    email: n.kerse@auckland.ac.nz 

Chris Bullen  (Director, NIHI)   email: c.bullen@auckland.ac.nz  

       ph:  373 7599 ext. 84723 

 
 

For any queries regarding ethical concerns you may contact the Chair, The University of 
Auckland Human Participants Ethics Committee, The University of Auckland, Research 

Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 87830/83761. 
Email: humanethics@auckland.ac.nz.‖  

 

 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 17th December, 2013 for (3) years, Reference Number 010801 
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PARTICIPANT INFORMATION SHEET  

 
For Residents  

 

Project title:  

Keeping Active using Exercise-based video games:  a physical activity 

programme for older people living in rest homes  
 

Researchers: Lynne Taylor, Assoc. Prof Ralph Maddison, Professor Ngaire Kerse 
 

Researcher introduction 
  

Lynne Taylor MSc, MBA, Dip Phys, is a physiotherapist and doctoral candidate at the 

University of Auckland. Her supervisors are Assoc. Prof Ralph Maddison and Prof Ngaire 

Kerse. Associate Professor Ralph Maddison, PhD is a physical activity researcher at the 

National Institute for Health Innovation, University of Auckland.   Professor Ngaire Kerse 

PhD, MBChB, is a gerontology researcher and general practitioner, based in the 

Department of General Practice and Primary Health Care, University of Auckland.  

 
Project description and Invitation 

 

We invite you to take part in this study that looks at whether playing exercise-based 

video games can improve the physical function of people who live in rest homes. We also 

want to establish whether people in rest homes like to use these exercise video games.  

 

To help you make a decision about participating in the study, we ask you to read this 

information sheet. 
 

What are Exercise-based Video Games? 

 

These are interactive video games that require a person to move to play the game.  The 

image of the player is transported onto a TV screen, which the player can see. Exercise-

based video games can improve physical function measures in community-dwelling older 

people. Whether people living in rest homes can also benefit from these games has yet 

to be established. 
 

SCHOOL OF POPULATION HEATLH 

Bldg 730, Level 3, 261 Morrin Road 

TAMAKI INNOVATION CAMPUS 

Auckland 1142, New Zealand 

Telephone 64 9 373 7599  ext. 89210 

Mobile 021 531 536 

Email: lm.taylor@auckland.ac.nz  

 

The University of Auckland 

Private Bag 92019 

Auckland 1142 

New Zealand 

DEPARTMENT OF GENERAL PRACTICE & PRIMARY HEALTH CARE 

Faculty of Medical and Health Sciences 
 
 
 
Date: 
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What does the Study involve?  

 

Rest Homes that have agreed to be part of the study will be randomised to participate in 

either the video games programme or to be the “control” group. Participants in 

residential care facilities randomised to the video games will be invited to participate in 

an 8-week programme of exercise video games supervised by the study investigator. 

Attendance at the video exercise sessions will be voluntary (your choice). 

 

Participants in residential care facilities randomised to be the “control” group continue all 

their usual activities.  

 

There is an equal chance of being part of the “video game” group or the “control group” 

 

 Physical measures specifically designed for older people will be tested at the start 

of the study and 8 weeks later.  

o You will be asked to get up from a chair, walk 3 metres at your usual pace 

and then return to the chair and sitting down. Other tasks are rolling over 

and getting off a bed. The most difficult tasks are walking 4 steps backward 

or picking a pen off the floor. All measures are done under supervision and 

you complete only those that you are able to.  

 

 A set of 10 questions will be used to measure your memory.  

 

 Your health records will be checked for any health condition that would prevent 

exercise. 

 

 You will be asked to wear a small movement sensor for 3 days at the start, in the 

middle and at end of the programme.  

o The movement sensor is about the size of a playing card, less than 1 cm 

thick, worn on an elastic belt around the waist. It records movement i.e. 

walking, standing, sitting and lying down. It does not record your identity 

or location. 

 

 At the end of the study we will ask residents who took part in the exercise video 

games to take part in a group discussion (interview) about their opinion on the 

exercise video games and whether they would do them again. We will tape record 

this conversation, so that we do not miss anything raised in the discussion.  

 

Who can participate in the study? 

 

To take part in the study, you need to be able to: 

 Communicate in English 

 Stand and walk short distances (20 m) with or without a walking frame or 

walking stick.  

 See a large television screen 

You do not need a good memory to take part.  
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What is the time commitment for the study? 

 

 The physical measures and the memory questions will take about one hour at the 

beginning and at the end of the study. 

 The exercise-based video game programme will run for one hour sessions, twice 

weekly for 8 weeks.  

 A group interview, for those that took part in the video games at the end of the 

study will take about 45 minutes. 

 

What are the risks and benefits of this study?  

 

The Benefits of Exercise 

Exercise has been shown to have a positive effect on physical function and mobility in 

older people. Residents who do the video game exercises may find their physical 

function is improved by participating in this program.  

To ensure residents who are not offered the video games are not disadvantaged, they 

can continue to participate in all their usual activities including any exercise classes 

usually offered.  

 

Safety when Exercising 

People who are unaccustomed to exercise may develop temporary muscle soreness 

between 1 and 24 hours after exercise.  Also, pre-existing muscle or joint pain e.g. 

arthritis may be aggravated following some activities. This is normal, but to minimise the 

possibility of adverse reactions to exercise, your medical records will be checked for any 

precautions to exercise.  Also the physical measures we take at the beginning of the 

programme will be used to determine the suitable level of activity for you. The exercise 

program will be supervised at all times by a study investigator who is qualified to deliver 

exercise programs to older people. Any trips, aches or pains occurring during the study 

will be documented and managed using the Rest Home’s standard policies. 

 

Encroachment on Rest Home facilities 

Because the exercise program will be offered in a common space within the rest home, it 

may impact on residents who do not wish to participate, as well as those who do.  To 

minimise disruption, the location and times that the activity programme is being offered 

will be clearly communicated to everyone. No resident will be excluded from using their 

common areas as usual. 

 

Will the information about me be kept confidential?  
 

All personal details collected for the study will be treated confidentially and will be 

available only to the researchers. Any additional (third party) person employed to 

transcribe the audiotapes from the group interviews will be required to sign a 

confidentiality agreement. Your details and results of the physical measures will be 

coded with a number instead of names and will be stored in locked files. All computer 

records will be password-protected and stored on secure servers at the University of 

Auckland.   

 

We note that because other participants in the group interviews will know what you have 

said, the confidentiality of information shared in the group interview cannot be 

completely guaranteed. However, the transcripts of group interviews will not include 
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your name. If any of the comments you provide in the group interview are included in a 

publication, this will be done without identifying the source.  
 

We anticipate that results will be published in a scientific journal and a PhD thesis. 

However, no information which could personally identify you will be used in any reports 

or publications or given to the rest home.  

 

The data from this study will be stored for 6 years in separate locked cabinets in a 

locked office within the School of Population Health, University of Auckland and then 

destroyed by electronic destruction techniques or paper shredding. 
 
Right to Withdraw from Participation  

 

Participation in the study is entirely voluntary (your choice). You do not have to take 

part and if you choose not to take part this will not affect your care. The CEO has given 

his/her assurance that your participation or non-participation will not affect your care. 

 

You may ask to have all your physical measure results withdrawn for up to 7 days after 

completion of the study. Because your comments in the group interview may interlink 

with the comments of others, we cannot withdraw your data from the group results. 

However, if you do agree to take part in the group interview, you can refuse to answer 

any question in the interview and you are free to leave the group interview at any time.   

 

If you do agree to take part you are free to withdraw from the study at any time, 

without having to give a reason. 

 

Source of Funding 

 

Funding to support part of this study has been granted from Physiotherapy New Zealand, 

which is the professional body for New Zealand physiotherapists.  

. 
Results 

 

A summary of the results from this study will be sent to all participants who would like to 

receive it. As it takes some time to analyse the results of studies, it may be up to 6 

months after participation that you receive this information. 
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Compensation 

 

In the unlikely event of a physical injury as a result of your participation in this study, 

you may be covered by ACC under the Accident Compensation Act 2001. ACC cover is 

not automatic, and your case will need to be assessed by ACC according to the 

provisions of the Accident Compensation Act 2001. If your claim is accepted by ACC, you 

still might not get any compensation. This depends on a number of factors, such as 

whether you are an earner or non-earner. ACC usually provides only partial 

reimbursement of costs and expenses, and there may be no lump sum compensation 

payable. There is no cover for mental injury unless it is a result of physical injury. If you 

have ACC cover, generally this will affect your right to sue the investigators.  

If you have any questions about ACC, contact your nearest ACC office or the 

investigator.  

You are also advised to check whether participation in this study would affect any 

indemnity cover you have or are considering, such as medical insurance, life insurance 

and superannuation. 
 

 
Contact Details  

 

If you have any questions, please contact: 

 

Lynne Taylor (Study Investigator)  email: lm.taylor@auckland.ac.nz  

ph:  373 7599 ext. 89210  

m: 021 531 536 

Ralph Maddison  (Supervisor)    email: r.maddison@nihi.auckland.ac.nz 

Ngaire Kerse   (Supervisor)    email: n.kerse@auckland.ac.nz 

Chris Bullen  (Head of Department)  email: c.bullen@auckland.ac.nz  

       ph:  373 7599 ext 84723 

 

 

For any queries regarding ethical concerns you may contact the Chair, The University of 

Auckland Human Participants Ethics Committee, The University of Auckland, Research 

Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 87830/83761. 

Email: humanethics@auckland.ac.nz. 

 
 
APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 17 December 2013 for (3) years, Reference Number 010801 
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Family/ EPOA PARTICIPANT INFORMATION SHEET  

 
 

Project title:  

Keeping Active using Exercise-based video games:  a physical activity 

programme for older people living in rest homes  

 

Researchers: Lynne Taylor, Assoc. Prof Ralph Maddison, Professor Ngaire Kerse 

 

Researcher introduction 
  

Lynne Taylor MSc, MBA, Dip Phys, is a physiotherapist and doctoral candidate at the 

University of Auckland. Her supervisors are Assoc. Prof Ralph Maddison and Prof Ngaire 

Kerse. Associate Professor Ralph Maddison, PhD is a physical activity researcher at the 

National Institute for Health Innovation, University of Auckland.   Professor Ngaire Kerse 

PhD, MBChB, is a gerontology researcher and general practitioner, based in the 

Department of General Practice and Primary Health Care, University of Auckland.  
 

Project description and Invitation 
 

We invite ______________________ to take part in a study that looks at whether 

exercise-based video games can improve the physical function of people who live in rest 

homes. We also want to establish whether people in rest homes like to use these 

exercise video games.  

 

As their designated point of contact, we ask you to read this information sheet, to help 

you make an informed decision about whether ___________________________ may 

like to participate in this study. 

 

If you have any questions about this study, please contact Lynne Taylor, ph 

(09) 373 7599 ext 89210 | M: 021 531 536 | email lm.taylor@auckland.ac.nz 

 

 

What are Exercise-based Video Games? 

 

These are interactive video games that require a person to move to play the game.  The 

image of the player is transported onto a TV screen, which the player can see. Exercise-

based video games can improve physical function measures in community-dwelling older 

SCHOOL OF POPULATION HEATLH 

Bldg 730, Level 3, 261 Morrin Road 

TAMAKI INNOVATION CAMPUS 

Auckland 1142, New Zealand 

Telephone 64 9 373 7599  ext. 89210 

Mobile 021 531 536 

Email: lm.taylor@auckland.ac.nz  

 

The University of Auckland 

Private Bag 92019 

Auckland 1142 

New Zealand 

DEPARTMENT OF GENERAL PRACTICE & PRIMARY HEALTH CARE 

Faculty of Medical and Health Sciences 
 
 
 
Date: 
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people. Whether people living in rest homes can also benefit from these games has yet 

to be established. 
 

What does the Study involve?  
 

Rest Homes that have agreed to be part of the study will be randomised to participate in 

either the video games programme or to be the “control” group. Participants in rest 

homes randomised to the video games will be invited to participate in an 8-week 

programme of exercise video games supervised by the study investigator. Attendance at 

the video exercise sessions will be voluntary (their choice). 

 

Participants in residential care facilities randomised to be the “control” group continue all 

their usual activities.  

 

There is an equal chance of being part of the “video game” group or the “control group” 
 

 Physical measures specifically designed for older people will be tested at the start 

of the study and 8 weeks later in both groups.  

o These measures are: getting up from a chair, walking 3 metres at usual pace 

and then returning to the chair and sitting down. Other tasks are rolling over, 

and getting off a bed. The most difficult tasks are walking 4 steps backward 

or picking a pen off the floor. All measures are done under supervision and 

participants complete only those that they are able to.  

 

 A set of 10 standard questions will be used to measure memory.  

 

 The participant’s health records will also be checked for any health condition that 

would prevent exercise. 

 

 Participants will be asked to wear a small movement sensor for 3 days at the 

beginning, in the middle and at end of the programme.  

o The movement sensor is about the size of a playing card, less than 1 cm 

thick, worn on an elastic belt around the waist. It records movement i.e. 

walking, standing, sitting and lying down. It does not record a person’s 

identity or their location. 

 

 At the end of the study we may ask residents who took part in the exercise video 

games to take part in a group discussion (interview) about their opinion on the 

exercise video games and whether they would do them again. We will tape record 

this conversation, so that we do not miss anything raised in the discussion.  

 

Who can participate in the study? 

 

To take part in the study, the resident will need to be able to: 

 Communicate in English 

 Stand and walk short distances (20 m) with or without a walking frame or 

walking stick.  

 See a large television screen 

Residents do not need to have a good memory to take part 
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What is the time commitment for the study? 

 

 The physical measures and the memory questions will take about one hour at the 

beginning and at the end of the study. 

 The exercise-based video game programme will run for one hour sessions, twice 

weekly for 8 weeks.  

 

What are the risks and benefits of this study?  

 

The Benefits of Exercise 

Exercise has been shown to have a positive effect on physical function and mobility in 

older people living in rest homes. Residents who do the video game exercises may find 

their physical function is improved by participating in this program.  

To ensure residents who are not offered the video games are not disadvantaged, they 

can continue to participate in all their usual activities including any exercise classes 

usually offered.  

 

Safety when Exercising 

People who are unaccustomed to exercise may develop temporary muscle soreness 

between 1 and 24 hours after exercise.  Also, pre-existing muscle or joint pain e.g. 

arthritis may be aggravated following some activities. This is normal, but to minimise 

any possibility of adverse reactions to exercise, the resident’s medical records will be 

checked for any risks related to exercise.  Also the physical measures we take at the 

beginning of the programme will be used to determine the suitable level of activity for 

the resident. The exercise program will be supervised at all times by a study investigator 

who is qualified to deliver exercise programs to older people. Any trips, aches or pains 

occurring during the study will be documented and managed using the Rest Home’s 

standard policies. 

 

Encroachment on Rest Home facilities 

Because the exercise program will be offered in a common space within the rest home, it 

may impact on residents who do not wish to participate, as well as those who do.  To 

minimise disruption, the location and times that the activity programme is being offered 

will be clearly communicated to every resident and family/whanau and staff. No resident 

will be excluded from using their common areas as usual. 
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Will the information about participants be kept confidential?  

 

All personal details collected for the study will be treated confidentially and will be 

available only to the researchers. Any additional (third party) person employed to 

transcribe the audiotapes from the group interviews will be required to sign a 

confidentiality agreement. The resident’s details and results of the physical measures will 

be coded with a number instead of names and will be stored in locked files. All computer 

records will be password-protected and stored on secure servers at the University of 

Auckland.   

 

We note that because other participants in the group interviews will know what each 

other have said, the confidentiality of information shared in the group interview cannot 

be completely guaranteed. However, the transcripts of group interviews will not include 

the names of those interviewed. If any of the comments provided in the group interview 

are included in a publication, this will be done without identifying the source.  

 

We anticipate that results will be published in a scientific journal and a PhD thesis. 

However, no information which could personally identify individual residents will be used 

in any reports or publications or given to the rest home.  

 

The data from this study will be stored for 6 years in separate locked cabinets in a 

locked office within the School of Population Health, University of Auckland and then 

destroyed by electronic destruction techniques or paper shredding. 
 

Right to Withdraw from Participation  

 

Participation in the study is entirely voluntary (the resident’s choice). They do not have 

to take part and if they choose not to take part this will not affect their care. The CEO 

has given his/her assurance that a resident’s participation or non-participation will not 

affect their care. 

 

Participants may ask to have their physical measure results withdrawn for up to 7 days 

after completion of the study. Because comments in the group interview may interlink 

with the comments of others, we cannot withdraw information given in the group 

interview the group results. However, if a resident does agree to take part in the group 

interview, they can refuse to answer any question in the interview and they are free to 

leave the group interview at any time.   

Residents who do agree to take part are free to withdraw from the study at any time, 

without having to give a reason.   
 

Source of Funding 

 

Funding to support part of this study has been granted from Physiotherapy New Zealand, 

which is the professional body for New Zealand physiotherapists. 

. 
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Results 

 

A summary of the results from this study will be sent to all participants who would like to 

receive it. As it takes some time to analyse the results of studies, it may be up to 6 

months after participation before you receive this information. 

 
Compensation 

 

In the unlikely event of a physical injury as a result of your participation in this study, 

you may be covered by ACC under the Accident Compensation Act 2001. ACC cover is 

not automatic, and your case will need to be assessed by ACC according to the 

provisions of the Accident Compensation Act 2001. If your claim is accepted by ACC, you 

still might not get any compensation. This depends on a number of factors, such as 

whether you are an earner or non-earner. ACC usually provides only partial 

reimbursement of costs and expenses, and there may be no lump sum compensation 

payable. There is no cover for mental injury unless it is a result of physical injury. If you 

have ACC cover, generally this will affect your right to sue the investigators.  

If you have any questions about ACC, contact your nearest ACC office or the 

investigator.  

You are also advised to check whether participation in this study would affect any 

indemnity cover you have or are considering, such as medical insurance, life insurance 

and superannuation. 
 

Contact Details  
 

If you have any questions, please contact: 

 

Lynne Taylor   (Study Investigator)    email: lm.taylor@auckland.ac.nz  

ph:  373 7599 ext. 89210  

m: 021 531 536 

 

Ralph Maddison  (Supervisor)    email: r.maddison@nihi.auckland.ac.nz 

Ngaire Kerse   (Supervisor)    email: n.kerse@auckland.ac.nz 

Chris Bullen  (Head of Department)  email: c.bullen@auckland.ac.nz  

       ph:  373 7599 ext. 84723 
 

For any queries regarding ethical concerns you may contact the Chair, The University of 

Auckland Human Participants Ethics Committee, The University of Auckland, Research 

Office, Private Bag 92019, Auckland 1142. Telephone 09 373-7599 ext. 87830/83761. 

Email: humanethics@auckland.ac.nz.‖  

 
 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 
COMMITTEE ON 17 December 2013 for (3) years, Reference Number 010801 
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APPENDIX 2: MEASURES USED IN STUDIES 

The Activities-specific Balance Confidence (ABC) Scale 

Administration:  

The ABC can be self-administered or administered via personal or telephone interview. Larger 

typeset should be used for self-administration, while an enlarged version of the rating scale on an 

index card will facilitate in-person interviews. Regardless of method of administration, each 

respondent should be queried concerning their understanding of instructions, and probed regarding 

difficulty answering specific items. 

Instructions to Participants:  

For each of the following, please indicate your level of confidence in doing the activity without losing 

your balance or becoming unsteady from choosing one of the percentage points on the scale from 0% 

to 100%. If you do not currently do the activity in question, try and imagine how confident you would 

be if you had to do the activity. If you normally use a walking aid to do the activity or hold onto 

someone, rate your confidence as it you were using these supports. If you have any questions about 

answering any of these items, please ask the administrator. 

Instructions for Scoring:  

The ABC is an 11-point scale and ratings should consist of whole numbers (0-100) for each item. 

Total the ratings (possible range = 0 – 1600) and divide by 16 to get each subject’s ABC score. If 

a subject qualifies his/her response to items #2, #9, #11, #14 or #15 (different ratings for “up” vs. 

“down” or “onto” vs. “off”), solicit separate ratings and use the lowest confidence of the two (as this 

will limit the entire activity, for instance the likelihood of using the stairs.) 

 

 80% = high level of physical functioning 

 50-80% = moderate level of physical functioning 

 < 50% = low level of physical functioning 

   Myers AM (1998) 

 < 67% = older adults at risk for falling; predictive of future fall 

   LaJoie Y (2004) 

 

 

  



 

178 

The Activities-specific Balance Confidence (ABC) Scale 

For each of the following activities, please indicate your level of self-confidence by choosing 

a corresponding number from the following rating scale: 

0% 10 20 30 40 50 60 70 80 90 100% 

No confidence      completely confident 

How confident are you that you will not lose your balance or become unsteady when you… 

 walk around the house?        ____% 

 walk up or down stairs?       ____% 

 bend over and pick up a slipper from the front of a closet floor  ____% 

 reach for a small can off a shelf at eye level?     ____% 

 stand on your tiptoes and reach for something above your head?   ____% 

 stand on a chair and reach for something?      ____% 

 sweep the floor?         ____% 

 walk outside the house to a car parked in the driveway?    ____% 

 get into or out of a car?        ____% 

 walk across a parking lot to the mall?      ____% 

 walk up or down a ramp?        ____% 

 walk in a crowded mall where people rapidly walk past you?   ____% 

 are bumped into by people as you walk through the mall?   ____% 

 step onto or off an escalator while you are holding onto a railing?  ____% 

 step onto or off an escalator while holding onto parcels such that  

you cannot hold onto the railing?       ____% 

 walk outside on icy sidewalks?      ____% 
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APPENDIX 3: DESCRIPTIVE STATISTICS FOR CHAPTER 3  

Table 1: Descriptive Statistics for Total Time Spent Upright and Sedentary for Times 1, Time 2, and 

Time 3 used in Chapter 3 

Total time N Minimum Maximum Mean Std. Deviation 

Sedentary T1 30 70.86 97.07 85.13 7.20 

Sedentary T2 23 61.47 96.22 84.87 8.12 

Sedentary T3 23 64.77 96.00 84.20 8.04 

Upright T1 30 2.93 29.14 14.87 7.20 

Upright T2 23 3.78 38.53 15.13 8.12 

Upright T3 23 4.00 35.23 15.80 8.04 

Abbreviations: T, time 

  



 

185 

APPENDIX 4: DESCRIPTIVE STATISTICS FOR CHAPTER 5 

Table 1: Search Strategy 

Medline Scopus Cochrane 

1. 1.Video Games/ 

2. wii.mp. 

3. active video.mp. 

4. dance dance revolution.mp. 

5. exp “Aged, 80 and over”/ or 

exp Aged/ 

6. 1 or 2 or 3 or 4 

7. 7.  5 and 6 

1. (“Wii” OR “Xbox*” OR 

“Video Games” OR “Virtual 

rehabilitation” OR 

“Interactive video game” OR 

“Virtual Reality”) 

2. (“Elderly” OR “Old*” OR 

“Senior”) 

3. (“Physical activity” OR 

“Exercis*” OR “Balance”) 

4. 1 and 2 and 3  

1. “wii”  

2. “xbox”  

3. “AVGs”  

4. “virtual reality”  

5. Video Games/ 

6. “elderly”  

7. “old”  

8. “senior”  

9. [or 1–5] 

10. [or 6–8] 

11. 9 and 10  

Table 2: Characteristics of Included Studies  

Bierlya 2013  

Methods Design: Two arm design comparing Wii balance board with Wii Fit to usual care 

Intervention duration: 3 weeks 

Follow up: 1-week post intervention 

Participants Country: USA 

Setting: not stated  

Randomised: 12 

Characteristics: Healthy community-dwelling older people living in a retirement 

community. 

Method of recruitment of participants: recruited from a local senior living community 

Age: Intervention (AVG) – n=12, 82.6 (1.6) yr; Control (usual care) – n=12, 80.5 (7.8) yr 

Inclusion Criteria: able to stand unassisted for 30 minutes, and walk a minimum of 6 

metres without aid. Participants were not screened for any neurologic or vestibular 

disorders prior to the study. 

Exclusion Criteria: not stated 

Interventions Study aim: To investigate the feasibility of using the Wii Balance Board with Wii Fit to 

improve clinical measures of balance in older adults and retain the improvements after a 

period of time. 

Number of experimental groups: 2 

Session duration/ frequency: Intervention (AVG); 30 min; 3/week ; 3 weeks  

Intervention group: Wii yoga (half-moon, chair, warrior), aerobic (torso twists), and 

balance games (soccer heading, ski jump) modes. The specific order of the training was 

half-moon, chair, warrior, torso twists, followed by two rounds of the soccer heading and 

ski jump, and finished with a repeat of the half-moon, chair, warrior, and torso twists. 

Advanced as participants could manage it 

Control group: Usual care i.e normal daily activities 

Supervised individual sessions (Physiotherapist)  

Outcomes Berg Balance Scale (BBS) (0–56 points) higher scores indicate better balance 

Timed Up and Go (TUG) 

Forward Reach  

Fullerton Advanced Balance Scale (FAB): ten items ranging from a tandem walk to a two 

footed jump. Each item is scored on a 0–4 scale with scores lower than 25 indicating an 

individual with a high risk for falls. 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection bias) 

Unclear risk Method of randomisation not stated. “Participants were randomly assigned 

to either an experimental or control group” 

Allocation concealment 

(selection bias) 

Unclear risk Allocation concealment method not stated 

Blinding of participants 

and personnel 

(performance bias) 

High risk Participants would be unable to be blinded to intervention or control 

group. 

Blinding of outcome 

assessment (detection 

bias) 

High risk “All assessments were conducted by both KAB and NMD, who were not 

blinded to the group allocation.” 

Incomplete outcome data 

(attrition bias) 

Unclear risk A  per protocol analysis was used. The paper stated 1/6 dropped out from 

intervention and control groups and one further from follow up in 

intervention group. Reason for drop out from intervention was ‘personal 

reasons’. 

Selective reporting 

(reporting bias) 

Unclear risk No protocol published. No trial registry number. All outcomes reported  

Cho 2014  

Methods Design: Two arm RCT comparing Nintendo Wii Fit to usual care 

Intervention duration: 8 weeks 

Follow up: nil 

Participants Country: Korea 

Setting: not stated 

Randomised: 32 

Characteristics: Community-dwelling healthy older people 

Method of recruitment of participants: Recruited from a local senior living community 

Age: Intervention n=17, 73.1±1.1 yrs; Control (usual care)– n=15, 71.7±1.2 yr 

Inclusion Criteria: healthy elderly people 

Exclusion Criteria: Korean mini-mental status exam less than 23; acute orthopaedic 

disorder e.g. fracture within previous 6 months; any visual or auditory abnormality; 

consumption of drugs, such as opiates or alcohol; the consumption of strepto- antibiotics 

affecting balance; progressive disorder or neurological disturbance (e.g. Parkinson’s 

disease) 

Interventions Study aim: To investigate changes in the balance ability of healthy elderly people 

following virtual reality balance training for the prevention of falls 

Number of experimental groups: 2 

Session duration/ frequency: Intervention ; 30 min; 3/week ; 8 weeks  

Intervention group: Nintendo Wii Fit ski slalom, table tilt, and balance bubble 10 min each 

program 

Control group: Usual care: 

Supervision not described 

Outcomes COP balance measured with eyes open and closed, measured using the Romberg test on a 

Bio-rescue (RM INGENERIE, 

France). 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence generation 

(selection bias) 

Unclear risk Method of randomisation not described. “subjects were randomly 

assigned to either a virtual reality training group or a control group” 

Allocation concealment 

(selection bias) 

Unclear risk 
Method of concealment not described. 

Blinding of participants and 

personnel (performance bias) 

High risk Insufficient information to permit judgement, but it is assumed that 

participants were not blinded 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 
Insufficient information to permit judgement 

Incomplete outcome data 

(attrition bias) 

Unclear risk 
Insufficient reporting of attrition/exclusions to permit judgement 

Selective reporting (reporting 

bias) 

High risk 
No study protocol available 

Duque 2013  

Methods Design: Two arm RCT comparing virtual reality postural balance games to usual care 

Intervention duration: 6 weeks 

Follow up: 9 months 

Participants Country: Australia 

Setting: outpatient falls and fracture clinic  

Randomised: 70 

Characteristics: Community-dwelling older people attending a falls fracture clinic after 

suffering at least one fall within 6 months prior to the assessment. 

Method of recruitment of participants: People attending a falls and fracture clinic who 

showed poor balance performance assessed using the ‘Balance Rehabilitation Unit” 

(BRU) 

Age: Intervention (BRU) – n=30, 79.3 (10) yr; Control (usual care) – n=40, 75.0 (8) yr 

Inclusion Criteria: Limits of stability lower than 170 cm (^2) and centre of pressure > 20 

cm ^2 in at least 3/6 conditions e.g. eyes open, closed, hard and foam surfaces, measured 

using the BRU 

Exclusion Criteria: 1) severe visual impairment, 2) inability to ambulate independently 

with a cane or walker, 3) inability to stand unaided for 60 seconds, 4) score of <22/30 in 

the Mini-Mental State Examination 5) Parkinson’s disease or any neuromuscular 

conditions, 6) Geriatric Depression Scale (GDS) and 7) inability to understand or answer 

the study questionnaires. 

Interventions Study aim: To evaluate the effect: of a new virtual reality system (the Balance 

Rehabilitation Unit [BRU]) using virtual reality to assess balance and provide a training 

system for balance in a population of community-dwelling older subjects with a known 

history of falls 

Number of experimental groups: 2 

Session duration/ frequency: Intervention (BRU); 30 min; 2/week; 6 weeks  

Intervention group: Balance Rehabilitation Unit – combination of visual vestibular 

retraining (saccadic, opto-kinetic stimulation, vestibular opto-kinetic and vestibular-ocular 

reflex exercises performed while standing) and postural retraining using the virtual reality 

head set, consisting of three different postural training games with increasing levels of 

complexity, in addition to usual care 

Control group: Usual care: i.e. a care plan on falls prevention including an invitation to 

join an exercise program (following the Otago protocol) medication review, home visit by 

an occupational therapist, hearing and visual assessment, nutritional supplements and 

vitamin D supplementation as required and education materials on falls prevention. 

Supervised individual sessions (Physiotherapist)  

Outcomes Lab based posturography (balance) measures using the ‘Balance Rehabilitation Unit” 

including limits of stability and centre of pressure (eyes open and closed on hard and foam 

surfaces) plus visual /vestibular stimuli 
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Survey of Activities and Fear of Falling in the Elderly (SAFE) questionnaire- 5 point 

Likert scale with higher scores indicating greater fear of falling 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Unclear risk Method of randomisation not stated. “Subjects were then randomly assigned 

to either BRU-training or control groups” 

Allocation 

concealment (selection 

bias) 

Unclear risk Allocation concealment method not stated 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk Participants and medical team unable to be blinded to intervention group. 

“both the participants at[sic] the medical team were aware of the 

interventions” 

Blinding of outcome 

assessment (detection 

bias) 

Low risk “to prevent any assessment bias, different physiotherapists with no access to 

the subjects’ data were specifically assigned to perform either assessment or 

training” However, used a subjective measure for Fear of Falling, which could 

be biased since participants new which group they were in 

Incomplete outcome 

data (attrition bias) 

Unclear risk Not clear whether intention to treat principle or per protocol analysis was 

used. The paper stated 2/30 dropped out from the intervention group but 

numbers analysed were not reported. 

Selective reporting 

(reporting bias) 

High risk No protocol published. No trial registry number. One or more outcomes of 

interest e.g. fear of falling questionnaire is reported incompletely, so it cannot 

be used in a meta-analysis 

Franco 2012  

Methods Design: Three arm RCT comparing video games to a control and to conventional exercise 

Intervention duration: 3 weeks 

Follow up: none 

Participants Country: USA 

Setting: not stated 

Randomised: 32 

Characteristics: Independent-living Senior Housing Facility residents  

Method of recruitment of participants: All residents of the Senior Housing Facility were 

invited to participate in the study (n=250). 

Age: Intervention (Wii Fit) – n=11, 79.8 (4.7) yr; Intervention (Matter of Balance) – n=11, 

77.9 (6.9) yr; Control – n=10, 76.9 (6.3) yr 

Inclusion Criteria: 1) > 60 years; 2) living independently within the community; 3) having 

the ability to see the television clearly from 8 to 10 feet away; and 4) having the ability to 

ambulate independently with or without an assistive device. 

Exclusion Criteria: 1) decreased endurance and inability to stand long enough to 

participate in the games (e.g., >2 minutes); 2) limited weight bearing capacity on both 

lower extremities due to pain, injury or weakness; 3) decreased cognitive ability to follow 

instructions and grasp game objectives; or 4) unable to engage in 10–15 minutes of 

physical activity without a break. 

Interventions Study aim: To determine whether: 1) balance improves after a 3-week period of exercising 

with the Wii Fit, 2) balance improves more using Wii Fit as compared to MOB exercises, 

which are not structured as games and do not provide video feedback about body 

movements to the participant, and 3) the Wii Fit activities are enjoyable. In addition to 

effects on balance, whether participation in the Wii exercise intervention program 

improved perception of health and well-being was also investigated. 

Number of experimental groups: 3 

Session duration/ frequency: Intervention (Wii Fit); 10–15 min; 2/week; 3 weeks plus 15 

min/day supplemental home exercises. Control group (Matter of Balance) 30–45 min 

2/week; 3 weeks  

Intervention group: Wii Fit balance - Individual supervised sessions plus home exercise 

program (not detailed) 
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Intervention group: Matter of Balance – group exercises warm up, strength and balance 

and cool down 

Control – usual activities 

Supervised (Staff exercise physiologist)  

Outcomes Berg Balance Scale (BBS) (0–56 points) higher scores indicate better balance 

Tinetti Gait and Balance Assessment (0–28 points) higher scores indicate better 

balance/gait 

SF36 health survey (0–100) higher scores indicate higher quality of life 

Wii Fit enjoyment questionnaire- specifically developed for the study 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Low risk Participants were randomly assigned to one of three groups using a random 

number table 

Allocation 

concealment 

(selection bias) 

High risk At the start of each pre-testing session, participants were again informed of..... 

their group placement and the participation requirements based on their group. 

Next, the author administered the Berg Balance Scale and Tinetti Gait and 

Balance Assessment to the participant. 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk At the start of each pre-testing session, participants were again informed of ..... 

their group placement, and the participation requirements based on their group. 

Next, the author administered the BBS and Tinetti Gait and Balance Assessment 

to the participant. 

Blinding of outcome 

assessment 

(detection bias) 

High risk At the start of each pre-testing session, participants were again informed of ..... 

their group placement, and the participation requirements based on their group. 

Next, the author administered the BBS and Tinetti Gait and Balance Assessment 

to the participant. 

Incomplete outcome 

data (attrition bias) 

Low risk “All Wii Fit group participants successfully completed the entire three weeks of 

training (two sessions per week for three weeks) as well as the pre- and post-

testing sessions. Eight participants completed the supplemental home exercises. 

All MOB participants successfully completed the entire three weeks of training 

(two sessions per week for three weeks) as well as the pre- and post-testing 

sessions. 

Selective reporting 

(reporting bias) 

Unclear risk No study protocol available 

Jorgensen 2013  

Methods Design: Two arm RCT comparing Wii plus exercises to placebo insoles 

Follow up: none 

Drop Outs from trial: 10/58 

Participants Country: Denmark 

Setting: Geriatric Research Clinic at Aalborg Hospital, Denmark 

Randomised: 58 

Characteristics: Community-dwelling older adults 

Method of recruitment of participants: through advertisements in local newspapers, senior 

citizens’ clubs, and senior society organisations in Aalborg, Denmark. 

Age: Intervention group-n=28; 75.9 (5.7) yr; Control –n=30; 73.7 (6.1) yr 

Inclusion Criteria:> 65 years of age, self-reported balance to be poor to average (on a 

discrete scale: good, average, poor), and capability to understanding verbal instructions. 

Exclusion Criteria: orthopaedic surgery within the previous 6 months, acute illness within 

the previous 3 weeks, physiotherapy within the previous month, and poor visual acuity 

(not capable of seeing the visual features on the TV screen) 

Interventions Study aim: to (a) determine if Wii training could lead to improvements in mechanical 

lower limb muscle function, static postural balance, and functional performance and (b) 

explore the motivational effect of Nintendo Wii training in this study sample. 

Number of experimental groups: 2 
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Session duration/ frequency: Intervention: 70 min; 2/week; 10 weeks 

Intervention: Wii Fit Balance games (~45 mins) plus leg strength (standing row squat) (~ 

25 mins); 2 participants rotating through exercises 

Control group: Placebo insoles 

Supervised (physiotherapist) 

Outcomes Maximal isometric voluntary contraction (MVC) of leg extensors –primary 

Postural sway (COP) – primary 

Timed Up and Go – secondary 

Short-form Falls Efficacy Scale International (FES-1) 

30s repeated chair stand test 

Training motivation (5 point Likert scale) 

Adverse events 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Low risk Participants were stratified on sex and randomly assigned by computer-

generated random numbers 

in permuted blocks to either participation in a Nintendo Wii exercise program 

(WII) or to control for 10 weeks. 

Allocation 

concealment (selection 

bias) 

Low risk Allocation procedures were handled by the laboratory’s chief nurse who was 

not involved in any other parts of the study 

Blinding of 

participants and 

personnel 

(performance bias) 

Low risk Single blinded, however control participants were explicitly informed (orally 

and via written material) that the use of insoles was expected to increase 

sensory inputs from the feet to the central nervous system, resulting in an 

improved postural balance. This active approach was used to control the 

placebo effect 

Blinding of outcome 

assessment (detection 

bias) 

Low risk All test procedures were performed by the same experienced researcher, who 

followed a standardised assessment protocol, and was blinded to each 

participant’s group allocation 

Incomplete outcome 

data (attrition bias) 

Low risk A sensitivity analysis was performed by excluding those five individuals who 

never received a single session of Wii training. However, this analysis did not 

alter any of the main findings. 

Selective reporting 

(reporting bias) 

Low risk Study protocol available  

Lai 2013  

Methods Design: Randomised cross over trial comparing a step mat system to no treatment 

Follow up: none 

Participants Country: Taiwan 

Setting: Taipei Medical University Hospital 

Randomised: 30 

Characteristics: Healthy community-dwelling older adults 

Method of recruitment of participants: not reported 

Age: Group A – n=15 70.6 (3.5)yr Group B – n=15 74.5 (4.7)yr 

Inclusion Criteria: community-dwellers aged over 65 years of age 

Exclusion Criteria: neurological conditions e.g. such as Parkinson’s disease, dementia, and 

stroke; or arthritis, vision impairment, and cardiovascular disease that impaired walking: 

or inability to walk without assistance.  

Interventions Study aim: to evaluate the effects of IVGB training on the balance of older adults. 

Number of experimental groups: 2 

Session duration/ frequency: 30 min; 3/week; 6 weeks 

Intervention group: Xavix measured step system (XMSS) – uses a step mat plus console 

and television 

Control group: no intervention 
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Supervised (trainer) 

Outcomes Berg Balance Scale (BBS) 

Timed Up and Go (TUG) 

Modified Falls Efficacy Scale (MFES) (0–140 points) high scores indicate more 

confidence 

Unipedal stance test (UST)- duration of time able to stand on one leg, measured in 

seconds 

Postural sway- (Sway area, Sway velocity and centre of pressure tests) using a force 

platform 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence generation 

(selection bias) 

Unclear risk “The participants were randomly assigned to 1 of 2 groups” The 

method of randomisation was not stated 

Allocation concealment 

(selection bias) 

Unclear risk Method of allocation concealment not stated 

Blinding of participants and 

personnel (performance bias) 

High risk “The study was designed as a prospective, randomised, crossover, 

single blind. The examiners were blind, but the participants were 

not blind),” 

Blinding of outcome 

assessment (detection bias) 

Unclear risk Blinding of assessors not stated 

Incomplete outcome data 

(attrition bias) 

Unclear risk Does not report on attrition of participants. The number of 

participants for outcomes is outcomes not stated 

Selective reporting (reporting 

bias) 

Unclear risk No study protocol available 

Laver 2012  

Methods Design: Two arm RCT comparing Wii Fit program to Conventional physiotherapy 

Follow up: none 

Participants Country: Australia 

Setting: Acute-care hospital rehabilitation gym 

Randomised: 44 

Characteristics: Inpatient older adults 

Method of recruitment of participants: 

Age: Acute-care hospital inpatients (n=44) 

Intervention n=22 85.2 (4.7) yr Control n=22 84.6 (4.4) yr 

Inclusion Criteria: aged ≥65 years, Mini Mental State Examination (MMSE) score of 

≥21/30, sufficient communication skills to participate, deemed as medically fit to 

participate by the treating medical team, weighing less than 150 kg, able to perform sit-to-

stand transfers without physical assistance and previously ambulating independently prior 

to hospitalisation and adequate vision. 

Exclusion Criteria: Unable to be screened for eligibility within 1 working day of 

admission. 

Interventions Study aim: to determine the feasibility of a physiotherapist providing activities from the 

Nintendo Wii Fit compared with physiotherapy using a conventional therapy approach in 

hospitalised older adults. 

Number of experimental groups: 2 

Session duration/ frequency: 25 min; daily; 5 days/week. For duration of the participants’ 

stay (mean of 6 treatments SD 2 for Wii and 8 treatment SD 5 for conventional therapy) 

Intervention group: Wii Fit program set and supervised by physiotherapists delivered one 

to one including balance, strength and light aerobics in standing 

Control group: Conventional physiotherapy – walking, balancing, transfers 

Supervised (staff physiotherapists)  

Outcomes Timed Up and Go (TUG) 

Short Physical Performance Battery (SPPB) 
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Modified Berg Balance Scale (MBBS) 

Timed Instrumental Activities of Daily Living (TIADL) 

Functional Independence Measure (FIM) , 

Activity-Specific Balance Confidence Scale (ABC) 

Health-related quality of life (EQ5D) 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence generation 

(selection bias) 

Low risk “The randomisation sequence was generated by a statistician using ... 

statistical software and consisted of random blocks of four and six.” 

Allocation concealment 

(selection bias) 

Low risk “Allocation sequence was concealed from the researchers in 

sequentially numbered opaque sealed envelopes and randomisation 

was managed by an external department.” 

Blinding of participants and 

personnel (performance bias) 

High risk Single blinded. Not possible to blind participants or the treating staff 

Blinding of outcome 

assessment (detection bias) 

Low risk “The outcome assessor was blinded to allocation.” 

Incomplete outcome data 

(attrition bias) 

Low risk “All participants received their allocated intervention” 

Selective reporting (reporting 

bias) 

Unclear risk No protocol available for this feasibility study 

Lee 2014  

Methods Design: Two arm RCT comparing Wii Fit program plus weighted vests and walking to 

conventional exercise 

Follow up: none 

Participants Country: USA 

Setting: not stated 

Randomised: 82 

Characteristics: community-dwelling older adults 

Method of recruitment of participants: recruited from senior centres in the surrounding 

community via group presentations about falls and fall risk given by the senior author 

Age: 75.2 ± 6.6 (n=82) 

Intervention n=40 (age not provided). Control n=42 (age not provided) 

Inclusion Criteria: not stated 

Exclusion Criteria: not stated 

Interventions Study aim: to compare spatio-temporal gait changes following an exercise intervention 

using an interactive video game technology that provides immediate biofeedback 

(Nintendo Wii) with 

a traditional seated group exercise intervention 

Number of experimental groups: 2 

Session duration/ frequency: 45 min; 3/week; 10 weeks 

Intervention group: 30 min Wii Fit preceded by 5 min walk and 10–25 chair stands, 30 

min Wii boxing, tennis, and bowling; table tilt, slalom ski, perfect 10, penguin slide, tight 

rope, 

and obstacle course games with weighted vest and another 5 min walk 

Control group: 5-min walk, two sets of strengthening exercises (e.g., chair stands, chair 

lunge, heel raise, stepping, and arm curl using Thera-Bands; stretching (upper and lower 

body muscles) and balancing activities (stand on one leg, hold a small ball), each 

involving 8–10 repetitions. Exercises were progressed over time (e.g., deeper lunges and 

stronger bands) while still maintaining the 8–10 repetitions of each exercise 

Supervised 

Outcomes Balance Efficacy Scale 

GAITRite mat to measure 7 gait parameters including velocity, stride length, cadence, 

double support, swing time 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection bias) 

Unclear risk Method of randomisation not described “Participants were then randomly 

assigned to either a traditional Group Fitness or non-traditional Wii 

Fitness exercise intervention” 

Allocation concealment 

(selection bias) 

Unclear risk 
Method of concealment not described 

Blinding of participants 

and personnel 

(performance bias) 

High risk 
Insufficient information to permit judgement, but it is assumed that 

participants were not blinded 

Blinding of outcome 

assessment (detection bias) 

Unclear risk 
Insufficient information to permit judgement 

Incomplete outcome data 

(attrition bias) 

Low risk Reported that 4/82 subjects did not complete balance efficacy scale 

testing. Analysis completed per protocol for this outcome. All subjects 

completed the remaining outcomes. No drop outs from program 

Selective reporting 

(reporting bias) 

Unclear risk 
No protocol available 

Maillot 2012  

Methods Design: Two arm RCT 

Follow up: none 

Participants Country: France (Paris) 

Setting: not reported 

Randomised: 32 

Characteristics: Community-dwelling older adults self-rated as healthy 

Method of recruitment of participants: Potential participants were contacted through flyers 

posted in town halls and community senior centres. People responding were contacted by 

phone.  

Age: Intervention n=16, 73.47 ±4.1 yr Control n=16, 73.47 ±3.0 yr 

Inclusion Criteria: Individuals who reported never playing video games and living a 

sedentary lifestyle. 

Exclusion Criteria: Individuals who rated their health as very bad or bad. 

Interventions Study aim: To determine whether exergame training in physically simulated sport activity 

would transfer to cognitive functions in older adults. 

Number of experimental groups: 2  

Session duration/ frequency: Intervention group 60 min; 2/week; 12 weeks;  

Intervention group: three time periods which included (i) Nintendo Wii Fit (plus balance 

board), in pairs, playing Wii boxing /tennis/bowling (ii) individual Wii balance board 

games (iii) a final Wii game for either balance, energy, or cognition. 

Control group: requested not to modify their sedentary lifestyle, not to begin playing video 

AVGs or engage in other physical activity  

Supervised (Physical trainer) 

Outcomes Senior Fitness Test (SFT):  includes chair-stand test arm curl, 6-Min Walking Test, chair-

sit-and-reach test, back-scratch test and 8-foot up-and-go test  

Cognitive test battery: (i) executive control tasks (Trail-Making test, Stroop Color Word 

Interference test, Letter Sets test, Matrix Reasoning test2, Digit Symbol Substitution test); 

(ii) visuospatial tasks (Spatial Span test, Directional Headings test, Mental Rotation test); 

and (iii) processing-speed tasks subdivided into: (i) perceptual speed (Cancellation test 

and Number Comparison test) and (ii) psychomotor speed (the Reaction Time test and 

Plate Tapping test).  
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Unclear risk Method used not stated. “By random assignment, 16 participants were 

assigned to the AVGs training group and 16 other participants were assigned 

to a no-training, no-contact control group.” 

Allocation 

concealment (selection 

bias) 

Unclear risk No allocation concealment method stated 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk Single blinded. Not possible to blind participants or trainer delivering the 

intervention 

Blinding of outcome 

assessment (detection 

bias) 

Unclear risk Not stated; states a trainer did the intervention, but does not state who did the 

outcome measures 

Incomplete outcome 

data (attrition bias) 

High risk Analysis done on 15 not 16 in each group. Over the course of the study, one 

participant in the training group gave up on the third training session reporting 

that it was physically too difficult. One control participant could not attend the 

post test session owing to medical problems unrelated to the study.  

Selective reporting 

(reporting bias) 

Unclear risk No protocol available 

Pichierri, Murer 2012  

Methods Design: Two arm RCT to compare traditional postural balance training with the same 

intervention plus a cognitive motor program (dance game) 

Follow up: none 

Participants Country: Switzerland 

Setting: Swiss retirement village 

Randomised: 31 

Characteristics: Community-dwelling older adults 

Method of recruitment of participants: Residents from two hostels were invited to attend 

an information session.  

Age: Intervention group – n=15 86.9 (5.1) Control group n=16 85.6 (4.2) 

Inclusion Criteria: > than 65 years, score of ≥ 22 points on the Mini Mental State 

Examination (MMSE); able to walk for at ≥ 8 m with or without a walking aid; no rapidly 

progressive or terminal illness, acute illness or unstable chronic illness. 

Exclusion Criteria: If a severe impairment of vision would impede to see projections on a 

wall screen as needed for the intervention. 

Interventions Study aim: To investigate the additional effects of the dance video game training on foot 

placement accuracy, gait under single and dual task conditions, and on fear of falling. 

Number of experimental groups: 2 

Session duration/ frequency: Intervention group 15 minutes of dance game + 40 min 

traditional balance/strength programme; 2/week; 12 weeks; Control group; 40 min; 

2/week; 12 weeks 

Intervention group: Physical exercise program consisting of progressive resistance and 

postural balance training which included 2 sets of 10–15 repetitions of lower limb 

exercises with training intensity controlled using Borg’s perceived exertion scale; plus a 

progressive video game dancing program using a modification of Step Mania (Dance 

Dance Revolution). 

Control group: Progressive resistance training as above 

Supervised (Researcher) 

Outcomes Foot placement accuracy (measured in mm from target),  

Gait performance under single and dual task conditions- measured using GAITRite 

walkway: velocity, (cm/s), cadence (steps/min), step time (s), cycle time (s), stance time 

(s), single support time (s), double support time (s), and step length (cm).  

Gaze parameters 

Falls efficacy: Falls Efficacy Scale International (FES-I) 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Low risk “eligible residents signed informed consent statements and were randomly 

assigned to either the  

Dance group or the Control group using a random numbers table. 

Allocation 

concealment 

(selection bias) 

Unclear risk No method of allocation concealment stated 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk Blinding of investigators was not possible because the investigators supervised 

and conducted the training sessions. 

Blinding of outcome 

assessment 

(detection bias) 

Unclear risk Method not stated 

Incomplete outcome 

data (attrition bias) 

Unclear risk Used a per protocol analysis and there was low completion in both groups (11/16 

and 10/15) due to low exercise compliance: “A 75% attendance rate for the 

training sessions was set as the definition for being adherent to the training 

program[47]. There were a total of 24 training sessions scheduled for each 

individual in the study. Only those subjects who adhered to the training counted 

towards the final results” 

Selective reporting 

(reporting bias) 

Low risk Registered trial and reports primary and secondary measures  

Pichierri, Coppe 2012 (a) 

Methods Design: Two arm RCT comparing dance video gaming to usual care 

Intervention duration: 12 weeks 

Follow up: nil 

Participants Country: Switzerland 

Setting: Care homes 

Randomised: 25 

Characteristics: Older people living in care homes 

Method of recruitment of participants: Recruited from information sessions held at care 

homes 

Age: Intervention n=9 83.6 (3.4) yrs; Control (usual care)– n=6, 86.2, 4.8 yr 

Inclusion Criteria: older than 65 years, had a score of at least 22 points on the Mini-Mental 

State Examination, 20 were able to stand upright for at least 5 minutes, and were free of 

rapidly progressive or terminal illness, acute illness, or unstable chronic illness 

Exclusion Criteria: none stated 

Interventions Study aim: to explore whether a strength and balance training program that also includes 

dance video gaming is able to improve the voluntary stepping responses of older adults 

under attention-demanding dual task conditions 

Number of experimental groups: 2 

Session duration/ frequency: Intervention; 60 min; 2/week ; 12 weeks (24 sessions) 

Intervention group: Warm-up (5 minutes), resistance training (25 minutes) including 

weighted vests, balance exercises (10 minutes), and the dance video gaming (modified 

version of StepMania) (20 minutes). Supervised and run in groups of 3–4 

Control group: Usual care i.e. participate in the leisure time programs offered at the care 

homes at will 

Outcomes Stepping reaction time on a force platform - voluntary step execution step forward, 

backward, or to the side as quickly as possible- single and dual task (using the Stroop test) 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence generation 

(selection bias) 

Low risk “Eleven participants were allocated to the CG and 14 participants to 

the IG using a random numbers table.” 

Allocation concealment 

(selection bias) 

Unclear risk 
Method of concealment not described. 

Blinding of participants and 

personnel (performance bias) 

High risk “Blinding of investigators was not possible because the investigators 

supervised and conducted the training sessions.” 

Blinding of outcome 

assessment (detection bias) 

High risk 
Insufficient information to permit judgement 

Incomplete outcome data 

(attrition bias) 

High risk Drop Outs reported: 5/14 from intervention group (low compliance 

= 3 and fall = 2) 5/11 from control (frail = 1, injury = 1 personal 

obligations = 3) 

Selective reporting (reporting 

bias) 

Unclear risk 
No study protocol available 

Pluchino 2012  

Methods Design: Three arm RCT comparing Wii Fit with Tai Chi and a traditional balance program  

Follow up: none 

Participants Country: USA 

Setting: Research laboratory 

Randomised: 40 

Characteristics: Healthy Community-dwelling older adults 

Method of recruitment of participants: Participants were recruited via flyers and personal 

solicitations at meetings of local social clubs and organisations frequented by older 

individuals. 

Age: Intervention group (Wii Fit) – n=12 70.72 (8.46); Intervention Group (Tai Chi) –

n=14; 69.28 (6.03); Control Group (Traditional balance program) - n=14; 76.00 (7.74) 

Inclusion Criteria: Community-dwelling older adults 

Exclusion Criteria: Any neurologic impairment that would affect balance, severe cognitive 

impairment, severe musculoskeletal impairment, unstable chronic disease state, major 

depression, severe vestibular problems, severe orthostatic hypotension, or simultaneous 

use of cardiovascular, psychotropic, and antidepressant drugs 

Interventions Study aim: to compare changes in balance and postural control resulting from the Wii Fit 

balance program (Wii), a standardised balance exercise program, and a Tai Chi program 

(Tai Chi). 

Number of experimental groups: 3 

Session duration/ frequency: 60 min; 2/week; 8 weeks (16 visits) 

Intervention group: (Video Games) Wii Fit Balance, that requires weight shifts to lay the 

game: soccer heading, ski slalom, ski jump, table tilt, tightrope walk, river bubble, 

penguin slide snowboard slalom, lotus focus 

Unsupervised  

Intervention group: (Tai Chi) 12 movements using small forward and backward steps, 

weight transfers from 1 leg to the other, posture alignment, small knee bends and moving 

slowly with a gentle resistance. Taught by a qualified Tai Chi Instructor 

Control group: Conventional balance using a variety of functional activities e.g. standing, 

stepping and walking on a compliant surface; walking and pivoting 180°; moving a weight 

between a high and low shelf; turning around full circle; 2-leg stand; lifting an object from 

the floor, standing up, and placing it back on the floor; standing up from a chair with arms 

crossed over the chest; alternate single leg stands; walking over obstacles of different 

height and depth; walking while holding a glass of water; tandem walking; walking up and 

down stairs;  

Outcomes Timed Up and Go (TUG) 

One-leg stance 

Functional reach 

Tinetti Performance Orientated Mobility Assessment (POMA) 
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Lab based Gait analysis- centre of pressure, dynamic posturography, postural sway test 

Falls Efficacy Scale 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Low risk “Random assignment to 1 of the 3 training groups was completed after an 

initial assessment and baseline testing using a blocked approach where 6 

folded papers were placed in an opaque bowl and subjects drew from the 

bowl to receive their group assignment.  

Allocation concealment 

(selection bias) 

Low risk “6 folded papers were placed in an opaque bowl and subjects drew from the 

bowl to receive their group assignment. After each group of 8 subjects, the 

papers were placed back into the bowl to be used with the next 8 subjects.” 

Blinding of participants 

and personnel 

(performance bias) 

Unclear risk method not stated 

Blinding of outcome 

assessment (detection 

bias) 

Unclear risk Method not stated 

Incomplete outcome 

data (attrition bias) 

High risk There were drop outs from all groups. Per protocol analysis was used for 

results 

Selective reporting 

(reporting bias) 

Unclear risk Study protocol not available 

Ray 2012   

Methods Design: Three arm RCT comparing one of three groups (Control, Wii Fitness, Group 

Fitness) 

Follow up: none 

Participants Country: USA 

Setting: Not stated 

Randomised: 87 

Characteristics: Healthy Community-dwelling older adults 

Method of recruitment of participants: Participants were recruited via flyers and personal 

solicitations at meetings of local social clubs and organisations frequented by older 

individuals. 

Age: 75 yrs (no SD provided) Group Fitness (n=40) age not provided; Wii Fitness (n=29) 

age not provided; Control group (n=18) age not provided 

Inclusion Criteria: Community-dwelling older adults 

Exclusion Criteria: history of peripheral or vestibular abnormalities; two or more 

documented falls in the previous six months; unable to walk without assistance 

Interventions Study aim: to analyse the impact of a traditional group fitness class and a Wii fitness 

exercise program on individual’s ability to maintain postural control while performing a 

secondary cognitive task 

Number of experimental groups: 3 

Session duration/ frequency: 45 min; 3/week; 15 weeks 

Intervention group: (Video Games) Wii Fit Wii-balance board and weighted vests. The 

intervention included 15–25 chair stands while wearing the weight vest and bouts of 

walking for 5–10 minutes at a time. The weight of the vest began at two pounds and was 

increased two additional pounds every two weeks until it reached the maximum of 10 

pounds. 

Supervised 

Intervention group: (Group fitness) Participants either seated or utilizing chairs for 

support: exercises aimed at increasing lower leg strength, upper body strength, and 

flexibility. Lower leg strengthening exercises included chair stands and chair lunges; 

upper body exercises included triceps extensions and shoulder presses using theraband. 

Each session included three bouts of walking for 5–10 minutes at a time and ended with 

10–15 minutes of stretching 

Supervised by a certified fitness professional 
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Control group: Conventional balance using a variety of functional activities e.g. standing, 

stepping and walking on a compliant surface; walking and pivoting 180°; moving a weight 

between a high and low shelf; turning around full circle; 2-leg stand; lifting an object from 

the floor, standing up, and placing it back on the floor; standing up from a chair with arms 

crossed over the chest; alternate single leg stands; walking over obstacles of different 

height and depth; walking while holding a glass of water; tandem walking; walking up and 

down stairs; 

Outcomes Senior Fitness Test 

“NeuroCom Sensory Organization Test (SOT)” measuring postural stability (postural 

sway/centre of gravity) under a range of conditions (control, visual, auditory and stroop 

(cognitive) distractors) 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection bias) 

Unclear risk Method of randomisation not described. “Eighty seven participants were 

randomised into a Group Fitness, Wii fitness exercise intervention group. 

No exercise was prescribed to the control group “ 

Allocation concealment 

(selection bias) 

Unclear risk Method of concealment not described. 

Blinding of participants 

and personnel 

(performance bias) 

High risk Insufficient information to permit judgement, but it is assumed that 

participants were not blinded 

Blinding of outcome 

assessment (detection bias) 

Unclear risk Insufficient information to permit judgement 

Incomplete outcome data 

(attrition bias) 

High risk Insufficient reporting of attrition/exclusions to permit judgement. Tables 

and figures do not include numbers analysed. 

Selective reporting 

(reporting bias) 

Unclear risk No study protocol available 

Rendon 2012  

Methods Design: Two arm RCT comparing Wii Fit (balance) plus exercycle program with no 

intervention 

Follow up: none 

Participants Country: USA 

Setting: Outpatient geriatric orthopaedic and balance physical therapy clinic. 

Randomised: 40 

Characteristics: Community-dwelling older adults from an air force retirement village 

community 

Method of recruitment of participants: 

Age: Intervention (n=20) 85.7 (4.3) yr Control (n=20) 83.3 (6.2) yr 6/40 routinely used an 

assistive device 

Inclusion Criteria: Older adults between 60 and 95 years of age, able to participate in 

physical activity for 45–60 min and verbally reported having normal vision 

Exclusion Criteria: orthopaedic, neurological or circulatory disorders that would prevent 

them from participating in the study 

Interventions Study aim: to determine the feasibility and outcome using the Wii FIT balance board for 

improvement of dynamic balance in older adults classified as fall risk individuals. 

Number of experimental groups: 2  

Session duration/ frequency: 45–60min;3/week; 6 weeks (18 sessions, minimum 15 

sessions) 

Intervention group: Wii Fit Balance plus 16 min exercycle, supervised by a therapist 

Control group: No intervention 

Outcomes 8 ft. Timed Up and Go (TUG) 

Activity-Specific Balance Confidence Scale (ABC) 

Geriatric Depression Scale (GDS) 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Unclear risk The participants were randomly divided into two groups. Method not stated 

Allocation 

concealment 

(selection bias) 

Unclear risk Method not stated 

Blinding of 

participants and 

personnel 

(performance bias) 

Unclear risk Method not stated 

Blinding of outcome 

assessment 

(detection bias) 

Unclear risk Method not stated 

Incomplete outcome 

data (attrition bias) 

Low risk To investigate possible effects of dropouts, comparisons of baseline values for 

age and all outcome measures were made between subjects who did and did not 

complete the study. An intention to treat analysis was also conducted with each 

outcome variable; where the last known value for each outcome variable was 

entered as the final value for each subject that did not complete the study 

Selective reporting 

(reporting bias) 

Unclear risk No published protocol 

Sato 2015  

Methods Design: Two arm RCT comparing a custom designed Kinect-based exergame to no 

treatment 

Follow up: none 

Drop Outs: 3 

Participants Country: Japan 

Setting: not stated, assume it was lab based. 

Randomised: 57 

Characteristics: community-dwelling healthy older adults 

Method of recruitment of participants: 

Age: 69.25 ± 5.41 (n=57) 

Intervention n=28 (70.7 ± 5.35). Control n=26 (68.5 ± 5.47) 

Inclusion Criteria: normal MMSE scores 

Exclusion Criteria: 

Interventions Study aim: To determine whether elderly individuals 

could improve their motor function by using the Kinect exergame created for them 

Number of experimental groups: 2 

Session duration/ frequency: 40–60 min; 1-2/week; 24 sessions (12 weeks) 

Intervention group: 40-60 min (with intervals) - games custom designed using the Kinect 

Sensor; picking apples, tight rope standing, knee bending and one legged standing 

Control group: usual activities 

Supervised 

Outcomes Berg Balance Scale (BBS) 

Functional reach 

30s chair-stand 

Gait performance parameters measured using 3-D motion analysis system: 

velocity, (m/min), cadence (steps/min), stance and swing phase time (s), single support 

time (s), double support time (s), and step length (cm), foot clearance (cm) 
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence generation 

(selection bias) 

Low risk “randomly allocated to an intervention group or a control group using 

a table of random numbers by an expert biostatistician with no 

relationship with the study” 

Allocation concealment 

(selection bias) 

Unclear risk Insufficient information to permit judgement 

Blinding of participants and 

personnel (performance bias) 

High risk Insufficient information to permit judgement, but it is assumed that 

participants were not blinded 

Blinding of outcome 

assessment (detection bias) 

Unclear risk Insufficient information to permit judgement 

Incomplete outcome data 

(attrition bias) 

Low risk Reported that 1/29 of the intervention group dropped out due to illness 

and 2/28 of the control group declined post-test. Analysis completed 

per protocol for all outcomes. 

Selective reporting (reporting 

bias) 

Unclear risk No protocol available 

Schoene 2013  

Methods Design: Two arm RCT comparing home-based Dance Dance Revolution (DDR) step pad 

system no intervention in community-dwelling older people. 

Follow up: none 

Participants Country: Australia 

Setting: Independent retirement village residents  

Randomised: 37  

Characteristics: Community-dwelling older adults 

Method of recruitment of participants: 

Age: Intervention group: n=19 77.5 (4.5) yr Control group n=18 78.4 (4.5) yr 

Inclusion Criteria: older adults aged ≥ 65 years, able to walk without a walking aid for 20 

m, able to step in place unassisted on a step pad and without disabilities in ADL/IADL 

functions. 

Exclusion Criteria: Major cognitive impairment (MMSE </=24), diagnosis of degenerative 

disease e.g. Parkinson Disease, other health problems affecting stepping ability (e.g. acute 

painful joint inflammation, mobility impairment after stroke), or any unstable health 

conditions. 

Interventions Study aim: To explore the use of an exergames that requires participants to take steps on a 

step pad following instructions displayed on a screen 

Number of experimental groups: 2 

Session duration/ frequency: 15–20 min/session; 2–3 sessions/week; 8 weeks 

Intervention group: DDR –an open source platform with Stepmania, specifically modified, 

using a dance mat. Unsupervised in their own home, played when they wanted 

Control group: Usual activities 

Outcomes Choice Stepping Reaction Time CSRT (measures in ms) (Primary Outcome) 

Physiological Profile Assessment (PPA) of falls risk. A 5-test battery of (i) visual contrast 

sensitivity, (ii) hand reaction time, (iii) standing balance on foam (iv) knee joint position 

sense, and (v) knee extension strength  

Timed Up and Go (TUG) 

5 times sit-stand (5 STS) 

Alternate step test (AST), 

Cognitive function – using Trail making A and B  

TUG plus animal (dual task) 

Icon Falls Efficacy Scale  
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Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Low risk Block-randomisation was applied to form two groups of similar size… 

Allocation 

concealment (selection 

bias) 

Low risk Randomisation was undertaken for all participants at one point in time to 

avoid selection bias using a computer-generated list of random numbers by a 

staff member not involved in the study with group allocation provided by 

Email. 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk Study participants were not blinded to group allocation. Although we asked 

members of the control group to maintain their usual activity levels, it is 

possible some may have increased their exercise levels during the trial period 

– a factor that may have biased results in favour for the control group. 

Blinding of outcome 

assessment (detection 

bias) 

Low risk Personnel administering assessments were also blinded to group allocation 

Incomplete outcome 

data (attrition bias) 

Low risk Per protocol analysis however overall drop out rate low (13.5%) The 

withdrawal rate was similar for both groups 

Selective reporting 

(reporting bias) 

Low risk Published trial protocol 

Szturm 2011  

Methods Design: Two arm RCT comparing a custom designed balance program with traditional 

exercise 

Follow up: none 

Participants Country: Canada 

Setting: Day hospital 

Randomised: 30 

Characteristics: Community-dwelling older adults with balance and mobility impairments, 

attending a day hospital  

Method of recruitment of participants: An occupational therapist or physical therapist (not 

directly working with the research study) performed an initial screening assessment and 

introduced the program to the clients, briefly describing to them the purpose and nature of 

the study. 

Age: Intervention group (n=15) 80.5 (6.0) yr Control group (n=15) 81 (7.0) yr 

Inclusion Criteria: older adults 65 to 85 years; (2) Mini-Mental State Examination 

(MMSE) score greater than 24; (3) English speaking with the ability to understand the 

nature of the study and provide informed consent; and (4) independent in ambulatory 

functions, with or without an assistive device (cane or walker). 

Exclusion Criteria: Any medical condition or disability that prevented participation in an 

exercise program, a medical history that contained current treatment for cancer, kidney 

disease, a recent fracture, uncontrolled diabetes or seizure disorder, cardiovascular-related 

problems that prohibited exercise, neurological disorders with moderate to severe residual 

deficits (e.g., stroke, multiple sclerosis, late-stage Parkinson disease), fainting, or dizzy 

spells 

Interventions Study aim: To examine the feasibility and benefits of a physical therapy task-oriented 

approach that is delivered via an engaging, active video game paradigm. 

Number of experimental groups: 2 

Session duration/ frequency: 45 min; 2/week; 16 weeks 

Intervention group: Custom designed weight transfer progressive balance games on a 

pressure mat +/- sponge surface, linked to computer monitor, requiring movement of 

centre of pressure (COP). 

Control group: Traditional strength & balance program using theraband, leg weights, 

cycle, weight bearing balance exercises e.g. sit to stand, squats, step ups 

Outcomes Berg Balance Scale (BBS) 

Timed Up and Go (TUG) 

Activity-Specific Balance Confidence Scale (ABC) 
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Gait performance parameters measured using GAITRite walkway  

Modified Clinical Test of Sensory Interaction and Balance (CTSIB) scales 

Notes Because the groups were significantly different at baseline (higher TUG and lower BBS 

scores in the intervention group), group differences in the change scores for each outcome 

were compared rather than comparing changes in pre exercise post exercise group mean 

scores. 

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection 

bias) 

Unclear risk “The participants were randomly assigned to either a control group or an 

experimental group. Group assignment codes were placed in envelopes and 

sealed. Each individual who agreed to enter the study 

randomly selected an envelope with the group assignment enclosed” 

Allocation 

concealment 

(selection bias) 

Unclear risk “Each individual who agreed to enter the study randomly selected an envelope 

with the group assignment enclosed” 

Blinding of 

participants and 

personnel 

(performance bias) 

High risk Participants and personnel providing interventions were not blinded. 

Blinding of outcome 

assessment (detection 

bias) 

Low risk Assessors were blinded to the participant group assignments, with the 

exception of the GAITRite test. However, care was taken to ensure that each 

participant received the instruction, and analysis of the GAITRite data files was 

performed by a person who was blinded to the group assignments (i.e., 

participant names were coded). 

Incomplete outcome 

data (attrition bias) 

Low risk Did not use intention to treat however drop outs recorded on consort. 1/15 in 

intervention group opted not to continue with program. Dropout similar for two 

groups. 

Selective reporting 

(reporting bias) 

Low risk Study protocol available  

Toulotte 2012  

Methods Design: Four-arm RCT comparing (i) Adapted Physical Activities programme, (ii) Wii Fit 

(iii) Wii Fit + Adapted Physical Activities (iv) control on measures of Balance 

Follow up: none 

Participants Country: France 

Setting: Gymnasium 

Randomised: 36 

Characteristics: Healthy community-dwelling older adults 

Method of recruitment of participants: 

Age: n=9 per group (1) Wii Fit 72.2 (8.6) yr; (2) Adapted Physical Activities 84.2 (8.1) yr; 

(3) APA+ Wii Fit 76.4 (4.7); (4) Control 71.8 (8.0) yr 

Inclusion Criteria: ≥ 60 years of age, either to have already fallen or not and to be 

medically stable; normal Mini Mental state scores 

Exclusion Criteria: lower limb fracture or surgery, the use of a walking aid or foot 

orthosis, auditory, ocular and/or vestibular  

problems, head trauma with or without loss of consciousness, strokes, disorders such as 

carpal tunnel syndrome involving the upper limb, sores or corns on the lower limbs or feet 

Interventions Study aim: To compare the effectiveness of three protocols (Adapted Physical Activities, 

Wii Fit®, Adapted Physical Activities + Wii Fit®) on the balance of independent senior 

subjects. 

Number of experimental groups: 

Session duration/ frequency: 60 min; 1/week, 20 weeks 

Intervention group 1: Wii Fit (1 hr) – including balance board, supervised, individual 

game play 

Intervention group 2: Adapted Physical Activities- (1 hr) supervised – muscle strength, 

lower limb mobility, proprioception, balance 
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Intervention group 3: Combined (30 min each APA and Wii Fit), supervised 

Control group: Board games and TV watching at the gymnasium 

Outcomes Tinetti balance test battery – 12 items of static and dynamic balance (0–24) Higher scores 

indicate greater disability 

Unipedal standing (UPS) for 30 sec.  

Risk of bias table  

Bias Authors’ 

judgement 

Support for judgement 

Random sequence 

generation (selection bias) 

Unclear risk “The 36 subjects were randomly divided into four groups of 9 subjects by 

drawing lots” 

Allocation concealment 

(selection bias) 

Unclear risk No information provided. 

Blinding of participants 

and personnel 

(performance bias) 

High risk Comment: not possible to blind participants; and the text indicates the 

researchers provided the interventions: “At each training, we increased the 

numbers of repetitions of the exercises and/or the difficulty of the 

exercises” 

Blinding of outcome 

assessment (detection 

bias) 

Unclear risk No information provided.  

Incomplete outcome data 

(attrition bias) 

Low risk No missing outcome data. 

Selective reporting 

(reporting bias) 

High risk Study protocol not available, and the study does not compare performance 

differences between intervention groups, although this might be expected. 
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Table 3: Characteristics of Excluded Studies  

Agmon 2011   

Reason for exclusion Not a RCT. Pretest -post-test single group design  

Anderson-Hanley 2012    

Reason for exclusion Outcome measure cognition not physical capacity measures 

Bainbridge 2011    

Reason for exclusion Not a RCT. Pretest -post-test single group design  

Bateni 2012    

Reason for exclusion Not a RCT. Three-arm pretest -post-test descriptive design  

Bickmore 2013    

Reason for exclusion Not using an AVG. Portable tablet using a virtual exercise coach to set 

exercise goals 

Brandt 2011    

Reason for exclusion Not a RCT. Survey of long-term care residents about their use of Nintendo 

Wii bowling as a recreational activity 

Chan 2012    

Reason for exclusion Not a RCT. Clinical trial with matched historic controls 

Chen 2012    

Reason for exclusion Not a RCT. Two arm case-controlled design 

Cyarto 2011    

Reason for exclusion Descriptive study 

Daniel 2012    

Reason for exclusion Not a RCT. Pretest -posttest two-arm design  

Fritz 2013    

Reason for exclusion RCT- Chronic stroke participants 

Fung 2012    

Reason for exclusion RCT -Outpatients following total knee replacement 

Harley 2010    

Reason for exclusion Descriptive study 

Heick 2012    

Reason for exclusion Not a RCT. Pretest -posttest single group design  

Higgins 2010    

Reason for exclusion Descriptive study 

Kahlbaugh 2011   

Reason for exclusion Not a RCT. Three arm pretest -posttest design with a control group of self-

selected volunteers  
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Keogh 2014   

Reason for exclusion Not a RCT. Quasi-experimental design using clustered rest homes  

Kim 2013   

Reason for exclusion Not a RCT 

Kloos 2013   

Reason for exclusion Cross over controlled trial in participants with Huntington’s disease 

Kosse 2011   

Reason for exclusion Not a RCT. Pretest -posttest single group design  

Lamoth 2011   

Reason for exclusion Not a RCT. Pretest -posttest single group design  

Lee 2012   

Reason for exclusion RCT in participants with diabetes 

McEwen 2014   

Reason for exclusion RCT - in inpatient participants post stroke 

Saposnik 2010    

Reason for exclusion RCT - in inpatient participants post stroke 

Singh 2013    

Reason for exclusion Not a RCT. Pretest -post-test two-arm design  

Williams 2010    

Reason for exclusion Not a RCT. Two-arm non-randomised controlled design  

Williams 2011    

Reason for exclusion Not a RCT. Pretest -post-test single group design  

Wittelsberger 2013    

Reason for exclusion Language other than English 
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APPENDIX 5: DESCRIPTIVE STATISTICS FOR CHAPTER 6 

Table 1: Descriptive Statistics for Outcome Measures used in Chapter 6 

Group    Statistic Std. Error 

CG TUG 

Difference 

Mean  

 

-1.20 0.58 

  

95% Confidence Interval for Mean  Lower Bound -2.39 

 

   

 Upper Bound -0.02 

 

  

 5% Trimmed Mean -1.04 

 

  

Median  

 

-0.75 

 

  

Variance  

 

10.77 

 

  

 Std. Deviation 3.28 

 

  

Minimum  

 

-9.60 

 

  

 Maximum 4.14 

 

  

Range  

 

13.74 

 

  

 Interquartile Range 3.98 

 

  

Skewness  

 

-0.88 0.41 
  

Kurtosis  

 

0.70 0.81 
 

DEMMI 

Difference 

Mean  

 

-1.19 1.42 

  

95% Confidence Interval for Mean  Lower Bound -4.09 

 

   

 Upper Bound 1.71 

 

  

 5% Trimmed Mean -1.53 

 

  

Median  

 

0.00 

 

  

Variance  

 

64.67 

 

  

 Std. Deviation 8.04 

 

  

Minimum  

 

-15.00 

 

  

 Maximum 26.00 

 

  

Range  

 

41.00 

 

  

 Interquartile Range 9.50 

 

  

Skewness  

 

0.78 0.41 
  

Kurtosis  

 

3.11 0.81 
 

Upright Diff Mean  

 

0.62 1.79 
  

95% Confidence Interval for 

Mean 

 Lower Bound -3.10 

 

   

 Upper Bound 4.34 

 

  

 5% Trimmed Mean 0.41 

 

  

Median  

 

-1.30 

 

  

Variance  

 

70.27 

 

  

 Std. Deviation 8.38 

 

  

Minimum  

 

-14.73 
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Group    Statistic Std. Error 
  

 Maximum 19.28 

 

  

Range  

 

34.01 

 

  

 Interquartile Range 8.85 

 

  

Skewness  

 

0.72 0.49 
  

Kurtosis  

 

0.65 0.95 

IG TUG 

Difference 

Mean  

 

1.69 1.16 

  

95% Confidence Interval for 

Mean 

 Lower 

Bound 

-0.71 

 

   

 Upper 

Bound 

4.09 

 

  

 5% Trimmed Mean 1.51 

 

  

Median  

 

0.82 

 

  

Variance  

 

33.81 

 

  

 Std. Deviation 5.81 

 

  

Minimum  

 

-10.13 

 

  

 Maximum 16.53 

 

  

Range  

 

26.66 

 

  

 Interquartile Range 7.19 

 

  

Skewness  

 

0.62 0.46 
  

Kurtosis  

 

1.06 0.90 
 

DEMMI 

Difference 

Mean  

 

0.46 1.79 

  

95% Confidence Interval for 

Mean 

 Lower 

Bound 

-3.22 

 

   

 Upper 

Bound 

4.15 

 

  

 5% Trimmed Mean -0.12 

 

  

Median  

 

0.00 

 

  

Variance  

 

83.30 

 

  

 Std. Deviation 9.13 

 

  

Minimum  

 

-14.00 

 

  

 Maximum 26.00 

 

  

Range  

 

40.00 

 

  

 Interquartile Range 4.25 

 

  

Skewness  

 

1.15 0.46 
  

Kurtosis  

 

1.96 0.89 
 

Upright Diff Mean  

 

-0.66 2.24 
  

95% Confidence Interval for 

Mean 

 Lower Bound -5.96 

 

   

 Upper Bound 4.64 
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Group    Statistic Std. Error 
  

 5% Trimmed Mean -0.36 

 

  

Median  

 

-0.50 

 

  

Variance  

 

40.21 

 

  

 Std. Deviation 6.34 

 

  

Minimum  

 

-14.36 

 

  

 Maximum 7.59 

 

  

Range  

 

21.95 

 

  

 Interquartile Range 4.82 

 

  

Skewness  

 

-1.44 0.75 
  

Kurtosis  

 

3.62 1.48 

Abbreviations: CG, Control Group; IG, Intervention Group 
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Figure 1: Histogram of TUG Change Scores for Intervention Group 

 
Figure 2: Histogram of TUG Change Scores for Control Group 

 
Figure 3: Histogram of DEMMI Change Scores for Control Group 
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Figure 4: Histogram of DEMMI Change Scores for Intervention Group 

 
Figure 5: Histogram of Upright Change Scores for Control Group 

 
Figure 6: Histogram of Upright Change Scores for Control Group 
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