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General Abstract

The aims of this thesis were to investigate the neuropsychological, neurophysiological, and
cognitive contributors to mobility changes with increasing age. In a series of studies with
adults aged 45-88 years, unsafe pedestrian behaviour and falls were investigated in relation to
i) cognitive functions (including response time variability, executive function, and visual
attention tests), ii) mobility assessments (including gait and balance and using motion capture
cameras), iii) motor initiation and pedestrian road crossing behavior (using a simulated
pedestrian road scene), iv) neuronal and functional brain changes (using a computer based
crossing task with magnetoencephalography), and v) quality of life questionnaires (including

fear of falling and restricted range of travel).

Older adults are more likely to be fatally injured at the far-side of the road compared to the
near-side of the road, however, the underlying mobility and cognitive processes related to
lane-specific (i.e. near-side or far-side) pedestrian crossing errors in older adults is currently
unknown. The first study explored cognitive, motor initiation, and mobility predictors of
unsafe pedestrian crossing behaviours. The purpose of the first study (Chapter 2) was to
determine whether collisions at the near-side and far-side would be differentially predicted by
mobility indices (such as walking speed and postural sway), motor initiation, and cognitive
function (including spatial planning, visual attention, and within participant variability) with
increasing age. The results suggest that near-side unsafe pedestrian crossing errors are related
to processing speed, whereas far-side errors are related to spatial planning difficulties. Both
near-side and far-side crossing errors were related to walking speed and motor initiation

measures (specifically motor initiation variability).



The salient mobility predictors of unsafe pedestrian crossings determined in the above study
were examined in Chapter 3 in conjunction with the presence of a history of falls. The
purpose of this study was to determine the extent to which walking speed (indicated as a
salient predictor of unsafe crossings and start-up delay in Chapter 2), and previous falls can
be predicted and explained by age-related changes in mobility and cognitive function changes
(specifically within participant variability and spatial ability). 53.2% of walking speed
variance was found to be predicted by self-rated mobility score, sit-to-stand time, motor
initiation, and within participant variability. Although a significant model was not found to
predict fall history variance, postural sway and attentional set shifting ability was found to be

strongly related to the occurrence of falls within the last year.

Next in Chapter 4, unsafe pedestrian crossing behaviour and pedestrian predictors (both
mobility and cognitive measures) from Chapter 2 were explored in terms of increasing
hemispheric laterality of attentional functions and inter-hemispheric oscillatory beta power
changes associated with increasing age. Elevated beta (15-35 Hz) power in the motor cortex
prior to movement, and reduced beta power post-movement has been linked to age-related
changes in mobility. In addition, increasing recruitment of both hemispheres has been shown
to occur and be beneficial to perform similarly to younger adults in cognitive tasks (Cabeza,
Anderson, Locantore, & McIntosh, 2002). It has been hypothesised that changes in
hemispheric neural beta power may explain the presence of more pedestrian errors at the far-
side of the road in older adults. The purpose of the study was to determine whether changes
in age-related cortical oscillatory beta power and hemispheric laterality are linked to unsafe
pedestrian behaviour in older adults. Results indicated that pedestrian errors at the near-side

are linked to hemispheric bilateralisation, and neural overcompensation post-movement,



whereas far-side unsafe errors are linked to not employing neural compensation methods

(hemispheric bilateralisation).

Finally, in Chapter 5, fear of falling, life space mobility, and quality of life in old age were
examined to determine their relationships with cognition, mobility (including fall history and
pedestrian behaviour), and motor initiation. In addition to death and injury, mobility decline
(such as pedestrian errors in Chapter 2, and falls in Chapter 3) and cognition can negatively
affect quality of life and result in activity avoidance. Further, number of falls in Chapter 3
was not significantly linked to mobility and cognition alone, and may be further explained by
a fear of falling. The objective of the above study (Study 2, Chapter 3) was to determine the
role of mobility and cognition on fear of falling and life space mobility, and the impact on
quality of life measures. Results indicated that missing safe pedestrian crossing gaps
(potentially indicating crossing anxiety) and mobility decline were consistent predictors of
fear of falling, reduced life space mobility, and quality of life variance. Social community
(total number of close family and friends) was also linked to life space mobility and quality
of life. Lower cognitive functions (particularly processing speed and reaction time) were

found to predict variance in fear of falling and quality of life in old age.

Overall, the findings indicated that mobility decline (particularly walking speed or walking
difficulty), processing speed, and intra-individual variability in attention (including motor
initiation variability) are salient predictors of participant safety (mainly pedestrian crossing
errors) and wellbeing with increasing age. More research is required to produce a significant

model to explain the number of falls.
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1 Mobility changes in older age: Neuropsychological, neurophysiological and cognitive

predictors of successful adaptation in real world scenarios.

This thesis investigated neuropsychological, neurophysiological, and cognitive contributors
to mobility changes with increasing age. Four different kinds of evidence were examined
with the objective to draw these together and give an overview of important indicators and
implications of mobility change in old age. First the thesis explored cognitive, motor
initiation, and mobility predictors of unsafe pedestrian crossing behaviours. Second, the
salient mobility predictors of unsafe pedestrian crossing found from the above study were
examined to uncover underlying precursors. In addition, these same predictors were
examined to determine if they also predicted another potential real world outcome of mobility
changes, the occurrence of falls. Thirdly, unsafe pedestrian crossing behaviour and pedestrian
predictors (both mobility and cognitive measures) were explored in terms of neuronal and
functional brain changes associated with increasing age. The fourth area of interest was how
these changes in cognitive, mobility (including fall history and pedestrian behaviour), and
motor initiation impacted on and predicted fear of falling, life space, and quality of life in old

age.

1.1 Introduction: The Prevalence and Impact of Mobility Difficulties, Pedestrian
Incidents and Falls with Age
Global average life expectancy has improved from 65.3 years in 1990 to 71.5 years in 2013

(Murray, Barber, Foreman, et al., 2015). Worldwide populations are predicted to continue
ageing with reduced fertility rates and increased life expectancy figures (Lanzieri, 2011).
Although healthy life expectancy (HLE; life lived without a life limiting health issue) has

increased from 56.9 years to 62.3 years between 1990 and 2013, HLE is still 9.2 years less
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than actual life expectancy (Murray, et al., 2015). Many older adults will spend these extra
years with a restricted life space due to disability and/or reduced mobility (Portegijs,
Rantakokko, Mikkola, Viljanen, & Rantanen, 2014), or living in care homes (Census
Analysis, 2014). Reduced mobility, that is, high levels of sitting and standing compared to
walking and various vigorous activities, (Salguero, Martinez-Garcia, Molinero, & Marquez,
2011) and care home admittance can and does have a real detrimental impact on quality of

life, such as social engagement (Netten, Trukeschitz, Beadle-Brown, et al., 2012).

vao major facets of mobility are balance and having the capacity to successfully navigate a
readily changing environment, for example roads. One must have adequate control of one’s
limbs and body, along with the ability to filter and process relevant information to
successfully arrive at the intended destination (Yogev-Seligmann, Hausdorff, & Giladi,
2008). For a motor act to occur, a number of steps must take place. An individual must first
compose a plan of movement, continue the plan until the movement is performed, be flexible
in such instances as an environment change, and to successfully complete the action
(Stelmach, Goggin, & Amrhein, 1988). Successful mobility depends upon being able to
navigate from a starting position to the target destination, independently and without harm. It
encompasses activities ranging from standing up from a chair, walking, keeping balance to

negotiating a complex environment (Shumway-Cook & Woollacott, 2011)

A reduction in mobility function is one of the main causes of disability in older adults
(Mottram, Peat, Thomas, Wilkie, & Croft, 2008). Further, the pervasiveness of mobility
difficulties, including slowed walking speed, chair rises, and reduced performance balance

tests, have been found to occur more frequently in women than in men with increasing age
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(Kim, Yabushita, & Tanaka, 2012; Butler, Menant, Tiedemann, & Lord, 2009). Up to 50% of
older adults (aged 65 years and over) have reported difficulties walking and using the stairs
(Webber, Porter, & Menec, 2010). Mobility difficulties, such as slower walking speed, can
predict disability up to six years post study even if they had previously reported no disability
(Guralnik, Ferrucci, Pieper, et al., 2000). The ease and speed in performing five uninterrupted
chair rises in a test commonly named the ‘sit-to-stand’ test has previously been described as a
test of lower extremity muscle strength (Lord, Murray, Chapman, Munro, & Tiedmann, 2002;
~ Bohannon, 1995). Slower chair rises, slower waking speed, and reduced grip strength,

- amongst other variables such as sudden weight loss and exhaustion, have previously been
described as frailty phenotypes (Veld, van Rossum, Kempen, et al., 2015; Fried, Tangen,
Walston, et al., 2001). These frailty measures (walking speed, balance, chair rising ability,
and grip strength) have been found to be highly predictive of needing nursing home care,
having a fracture, and gencral decline a year onwards in older adults (Giuliani, Gruber-
Baldini, Park, et al., 2008). Further, frailty can predict mortality (Chang, & Lin, 2015 review;
Bandeen-Roche, Xue, Ferrucci, et al., 2006), and walking speed alone can predict death up to

five years later (Studenski, Perera, Patel, et al., 2011).

Age-related changes in mobility that may occur include slowed chair rises (Bohannon, 2015),
reduced walking speed, stride time, step length, step frequency, and irregular gait movement
(Lamoth, van Deudekom, van Campen, et al., 2011; Manckoundia, Pfitzenmeyer, d'Athis, et
al., 2006; Sheridan, Solomont, Kowall, & Hausdorff, 2003). Bohannon (2015) conducted a
meta-analysis of literature into chair rising speed in older adults to provide normative data. It
was found that in older adults 60-69 years, taking 11.4 seconds to make five consecutive
chair rises was reasoned to be below average performance for their age group. This changed

in the 70-79 years cohort whereby 12.6 seconds was considered below average speed; and
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above 80 years 14.8 seconds was considered to be below average (Bohannon, 2015). Younger
édults walk at an average speed of 1.43 m/s (Bohannon & Andrews, 2011), however, after the
age of 65 years walking speed reduces and is on average 0.9m/s in men and 0.8m/s in women
(Asher, Aresu, Falaschetti, & Mindell, 2012). Further, older adults tend to have a delay
between the time they say they will begin walking and when they actually begin to walk, i.e.
start-up delay, and walking speed is often slower than their younger counterparts (Holland &

Hill, 2010).

Reduced walking speed and a delay in beginning movement once a gap is identified may be
problematic when road pedestrian crossings typically allow a walking speed of approximately
1.2m/s (Bohannon & Andrews, 2011). Older adults are more likely to be involved in a fatal
or severe pedestrian incident crossing the road per trip compared to younger age groups
(Rolinson, Hewson, Hellier, & Husband, 2012). This may be partially as a result of frailty
associated with older age (Rubenstein, 2006). Sex has also been found to be a factor with
older women being involved in more pedestrian incidents than men (Santamarifja-Rubio,

Pérez, Olabarria, & Novoa, 2014). This may be as a result of driving experience, as suggested

in Holland & Hill (2010)’s research. Holland & Hill found that a relationship was found

- between increased years of driving experience in women and reduced number of unsafe
crossing decisions made, but this relationship was not found for men. Understanding unsafe
pedestrian crossing behaviour and active life space may inform potential interventions that
will reduce mortality and loneliness, and increase quality of life. Chapter 2 directly

investigated the predictive link between age-related changes and unsafe pedestrian behaviour.
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Age-related mobility changes such as lower extremity strength, slower walking speed,
postural instability whilst walking, and difficulties in balance have also been linked to fall
occurrence (Ambrose, Paul, & Hausdorff, 2013). One in three people over the age of 65
years’ experience at least one fall each year (WRVS, 2012; Masud & Morris, 2001). Falls are
one of the leading causes of death in older adults, exceeded only by cardiovascular disease,
cancer, stroke, and pulmonary disease (Rubenstein, 2006). Although other group populations,
such as children, have higher rates of falling, there are more dangers associated with falls in
older adults; for example, older adults are more likely to have additional diseases and age-
related changes that may exacerbate injuries acquired during a fall and increase recovery time
(Rubenstein, 2006). Older adults also possess reduced upper extremity strength to absorb

. falling energy by up to 50% compared to younger adults (Sran, Stotz, Normandin, &
Robinovitch, 2009), suggesting that the impact from breaking a fall would be more severe in
older adults. This reduced strength, in combination with other common age-related ailments
such as osteoporosis (Rubenstein) could further aggravate the impact of a fall. In addition to
age, falls have also been linked to gender with women being found to be more likely to fall
than men (O’Halloran, Pénard, Galli, et al., 2011) and are more likely to seek treatment after
a fall (Stevens, Ballesteros, Mack, et al., 2012). Chapter 3 examined the extent to which falls

- can be predicted by mobility changes with age.

1.2 Aging Mobility: Functional and Cognitive Changes
Originally, walking was considered to be an automatic process which was a rhythmic and

habitual act, similar to other automatic motor acts such as finger tapping (Hausdorff, Yogev
et al., 2005). Some support for this notion includes the seeming walking action that newborn
babies make when supported (Lamb & Yang, 2000) and also the ease with which adults can

conduct an additional, but taxing task whilst walking (HausdorfF, et al., 2005). However,
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mobility changes, such as a slowing walking speed, can occur in older adults without an
obvious physical cause (Alexander, 1996). More recent research has found evidence
suggesting that walking may instead be a complex task. Hausdorff, et al., (2005) explored
whether walking was more like the automatic finger tapping or rather a more complex motor
tasks. They found that walking was in fact more similar to the complex motor tasks, thus
suggesting that it is not merely an automatic task. Such difficulty with gait may be as a result
of a global slowing and reduced attentional resources with age. Some theorists, such as
Salthouse (1996), believe that the central nervous system globally deteriorates with
increasing age and this could lead to a global slowing of processing. This is due to what they

refer to as the “limited time mechanism’ whereby mental processes that are complex, require
a lot of time and/or neural components to be dedicated to them. These mental processes will
suffer as this limited time and attentional resource will be dedicated to the earlier components
and so there will be fewer resources available for the later components (Park & Schwarz,

2000).

Another theory which describes the prioritisation and reorganisation of attentional resources

‘ casa result of global slowing is the selection, optimisation & compensation theory by Baltes
and colleagues. Baltes and colleagues argue that attentional resources are prioritised and
shared to compensate for this global slowing (Baltes & Carstensen, 1996; Baltes, 1997). This
theory explains that these three processes (selection, optimisation, and compensation) are
prioritised dependent on the key goals of the specific task (loss-based selection), and is more
commonplace with increasing age (Li, Lindenberger, Freund, & Baltes, 2001). This selection,
optimisation, and compensation theory can be demonstrated in mobility tasks in older adults
whilst performing another attention demanding task, that is, a dual task paradigm. The dual

task (DT) paradigm is a method whereby a participant could be taking part in one task, such
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as walking speed task, whilst simultaneously performing a cognitive task. The cognitive task
is designed or selected to challenge attentional resources and cognitive reserve (Hawkes, Siu,
Silsupadol, & Woollacott, 2012). Li, Lindenberger et al., (2001) conducted a study
investigating the loss-based selection and compensation from the above theory. Using a
memory task as the cognitive task and walking along a narrow track as a sensorimotor task,
they looked at age-related changes and compensation aids (a walking aid or a memory aid) in
single task and dual task conditions. Participants were trained separately in both the single
walking and the memory task prior to the dual task and results showed that increased age had
alarger impact on memory scores than walking. This and the preference for hand rails rather
than memory aids as compensatory aids suggested that the older adults optimised walking.
The opposite was found for their younger counterparts who prioritised memory scores. This
study supports the notion that attentional and cognitive processes are recruited to aid balance
while walking; also that with increasing age individuals prioritise and compensate for
reduced walking ability. This thesis investigated the extent to which specific reduced
cognitive and attentional resources can explain aspects of mobility issues such as walking

speed and falls.

i '.  Dual tasking has also been found to have a large negative impact on balance in the form of
increased trunk instability as well as slowed walking speed (Van Iersel, Kessels, Bloem,
Verbeek, & Rikkert, 2008), especially in older adults when the rules of the cognitive task
changed (attention switching) (Hawkes, et al., 2012). Age alone did not have an effect on
dual task ability (Hawkes, et al., 2012), however, from childhood through to older adulthood,
there appears an inverted-U shape of performance in the ability to dual-task whilst walking,
which occurs around the time that brain functions are changing (Krampe, Schaefer,

Lindenberger, & Baltes, 2011). In addition, falls have also been found to be indirectly related
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to dual task costs with those who had fallen within the previous 12 months demonstrating an
increased gait variability whilst completing a dual task (walking whilst subtracting in threes)
compared to those who had not fallen within that time period (Herman, Mirelman, Giladi,
Schweiger, & Hausforff, 2010). In support of these findings, Springer, Giladi, Peretz, et al.,
(2006) found that swing time variability was increased in fallers compared to younger adults
and non-fallers in a dual task condition, and that executive function is significantly correlated
with this variability. These results suggest that reduced attentional resources were present in
older fallers. However, these studies did not directly measure attention performance, rather
the extent to which a cognitive task impacts on walking was used. This thesis directly

examined the role of reduced attentional capacity on recent fall history.

Age-related dual-task costs have also been found in pedestrian behaviour. Nagamatsu, Voss,
Neider, et al., (2011) used a real world simulation of walking (on a treadmill) across a virtual
:street while listening to music, holding a conversation on a phone or with no distractions.
Participants were divided into two groups, people at risk of falls and not at risk of falls, using
the Physiological Profile Assessment. The two groups were also found to have significant
‘,_:;{’;cilifferences in mobility measured by the Timed up and Go (TUG), and chair rise (Sit-to-Stand
task, STS) tasks. Participants who were deemed at risk of falling were found to make more
‘collisions’ with moving cars, particularly at the near-side of the road, and took longer to
‘cross the road’ than those not at risk of falls in the phone condition and listening to music
condition. As those at risk of falling demonstrated reduced attention sharing capacity and
balance, it could be inferred that attention and balance may contribute towards near-side
unsafe crossing errors. Chapter 2 of this thesis examined the extent to which specific mobility
(such as balance and walking speed) and cognitive measures (such as reduced attention)

could predict near-side crossing errors.
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Further support for the role of cognitive factors in relation to pedestrian safety can be found
by Neider, Gasper, McCarley, et al., (2011). They investigated the dual task effect of crossing
behaviours (simulated crossing whilst performing cognitive task) in older adults with the
same conditions as the Nagamatsu study above (while undistracted, listening to music or
talking on the phone), only this time the groups were younger (18-26 year olds) and older
adults (59-81 years). Older adults were found to take longer to ‘cross’ once identifying a gap
and less likely to attempt crossing when the task difficulty increased compared to younger
adults. Older adults were more likely to make more unsafe crossing choices (leave smaller
crossing gaps) when dual tasking but there was little differences between the two dual
conditions. These studies suggest that distractions whilst crossing, particularly in older adults
with reduced attentional resources, can increase the likelihood of making a judgement error
whilst crossing the road. This could indicate that reduced attentional resources are available
in those with increased start-up delay, and in older pedestrians making unsafe crossing
decisions. With this in mind, Chapter 2 of this thesis investigated the extent to which
attentional resources and cognition can predict unsafe crossing errors in older adults, and

whether differences can be found for near-side and far-side unsafe crossings.

Contrary to the above findings, dual-tasking studies have found that both walking speed on
its own and walking speed under dual task conditions are equally able to predict fall history
(Menant, Schoene, Sarofim, & Lord, 2014). These results, in addition to gait and balance
previously being linked to falls and being negatively impacted by dual tasks, suggest that a
combination of general mobility and cognition may be important in predicting falls, rather
than just mobility on its own. Chapter 3 examined the extent to which mobility and cognitive

changes with age can predict and explain the presence of falls in older adults.
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The next few sub-sections cover the specific attention and cognitive functions that were
examined in this thesis and the potential impacts they may have on age-related mobility and
road safety measures. First, section 1.2.1 covers what is currently known and not known
about the role of processing speed and visual attention on unsafe crossing decisions and
specific mobility difficulties. Next 1.2.2 introduces an emerging area of research into within
participant variability and the potential to contribute to and predict unsafe crossing decisions
and mobility issues. Finally 1.2.3 discusses the role of specific cognitive and executive
functions and how they may relate to specific pedestrian lane crossing errors and mobility

difficulties.

1.2.1 Visual Attention/Useful Field of View
In addition to having an impact on dual task performance when attentional resources are

shared, attention can also have an impact on how able we are to perceive and respond to the
environment. The Useful Field of View (UFoV; Ball, Owsley, 1992) determines the visual
field range in which an observer can process and extract information in a given moment,

| particularly when the target is presented alongside a second peripheral target and with
distractors. This divided and selective attention becomes more difficult with increasing age

(Sekuler, Bennet, & Marnelak, 2000; Sekuler & Ball, 1986).

Reduced UFOV ability has previously been linked to reduced driving ability (Clay, Wadley,
Edwards, et al., 2005) and has been found to predict car crashes in older adults aged 70 years
and above (Hennessy, 1995), suggesting that visual attention is required for successful road
navigation. However, little is known about how UFoV predicts unsafe crossing behaviour.
Studies that have investigated pedestrian crossing behaviour and UFOV (Dommes, Cavallo,
& Oxley, 2013; Dommes & Cavallo, 2011) did so without differentiating between specific
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lane errors despite evidence to suggest that older adults are involved in differing numbers of
near-side and far-side unsafe pedestrian crossings in fatality statistics. Further, Nagamatsu, et
al’s (2011) finding that older adults at risk of falling (partially categorised by postural sway)
made more near-side crossing errors, it could be implied that visual attention may be linked
to near-side crossing errors. Chapter 2 directly tested whether distinct useful field of view

patterns have a differential relationship with near-side or far-side unsafe crossing errors.

In addition to pedestrian errors, composite UFoV scores have previously been found to be
related to self-reported mobility difficulties, particularly in balance and gait, along with
composite mobility scores (score of balance, gait, and sit-to-stand activities) (Owsley &
McGwin, 2004). When UFOV subtests were separated, divided attention was found to be
related to the composite mobility score. Further, UFOV divided attention performance has
been related to balance (Reed-Jones, Dorgo, Hitchings, & Badar, 2012), and the ability to
avoid obstacles when walking (Broman, West, Mufjoz, et al., 2004). This could indicate that
different visual attention elements are important for different aspects of mobility. However,
despite these relationships with composite mobility including gait, and walking to avoid
  _‘ obstacles, currently limited research has been conducted into whether visual attention could
iiredict walking speed performance. As both gait and balance have previously been linked to
falls (Ambrose, Paul, & Hausdorff, 2013) visual attention may also be a factor in the onset of
falls. Chapter 3 investigated the extent to which different elements of UFOV could predict

and explain changes in mobility measures (walking speed) and also a recent history of falls.
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1.2.3 Within Participant Variability
In addition to visual attention, variability in attention may also contribute towards mobility

changes with age. Recent research has identified that within participant variability, e.g.
occasional very long response times in reaction times across trials, is negatively related to
perceptual speed, working memory, episodic memory, and crystallised abilities (vocabulary
and world knowledge). It has also been found to be a strong predictor of cognitive
performance with advancing age (Hultsch, MacDonald, & Dixon, 2002). Within participant
variability has previously been linked to performance during simulated driving, particularly
making errors in the immediate lane (Bunce, Young, Blane, & Khugputh, 2012). Despite this
‘evidence that attention variability and road safety, there is no research into attention
variability and pedestrian behaviour. Chapter 2 investigated whether within participant

variability can influence pedestrian road safety errors, particularly at the near-side of the road.

As cognition has been found to affect mobility and falls (1.2), it could be inferred that within
participant variability could also impact on mobility performance and falls. In support of this,
fallers have been found to be exhibit larger within participant variability (see review by
Graveson, Bauermeister, McKeown, & Bunce (2015). The relationship between within

| participant variability and walking speed, on the other hand, has been less consistent in the
literature which may be as a result of small sample sizes and inconsistencies in calculating
within participant variability (i.e. raw standard deviation or a more sophisticated coefficient
of variance) (Graveson, et al., 2015). Chapter 3 aimed to uncover whether within participant
variability (measured using a coefficient of variance) could indeed predict previous falls
along with mobility ability in measures including walking speed, chair rises, and postural

_sway.
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1.2.3 Links to Executive Function
Executive function (EF) consists of an array of higher order cognitive processes which

manage and regulate lower order cognitive functions and attention (Alvarez & Emory, 2006)
and include functions such as task-switching, planning, and the executive function sub-
process, working memory (Elliot, 2003). EFs are adversely affected by deficits in the frontal
lobe but they are not dependent on the frontal lobes alone (Alvarez & Emory, 2006) as
anterior and posterior regions may also be recruited (Yogev-Seligmann, Hausdorff, & Giladi,
2007). De Luca, Wood, Anderson, et al. (2003) found that executive function performance
(measured using the Cambridge Neuropsychological Test Automated Battery, CANTAB),
such as spatial planning/ problem solving, spatial working memory, and attentional set
shifting has previously been found to decline with increasing age after 50 years of age.
Relationships between EF and gait are well supported (Yogev-Seligmann, et al., 2007) with
links to the frontal lobe, particularly the dorsolateral prefrontal cortex. Yogev-Seligmann, et
al., (2007) stressed the importance of executive function and attention in gait, claiming that
gait can no longer be considered an automatic process as there has been evidence of cognitive
factors linked to a disruption in gait even in healthy younger adults. Walking speed has been
found to be significantly related to global executive function and memory performance in

_ »Q.lder adults (Watson, Rosano, Boudreau, et al., 2010).

Although previous research has attributed falls to physical factors such as poor vision (Black,
Wood, & Lovie-Kitchin, 2011; Rossat, Fantino, Nitenberg, et al., 2010), muscle strength,
motor function, and postural control (AGS, 2001; Kannus, Sievanen, Palvanen, Jarvinen, &
Parkkari, 2005), more recent studies have also recognised the importance of cognitive and

~ executive function on fall occurrence and risk. Holtzer, Friedman, Lipton, et al. (2007)

investigated various cognitive traits in healthy older adults and their effect on fall risk. The
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trait that was noted as the most important was speed/executive attention (measured using the
Digit Symbol task and Block Design subtests of the Wechsler Adult Intelligence Scale—
Revised, and the Trail Making Test- a measure of set shifting). The results showed that in
their sample, an increase of one standard deviation in speed/executive attention performance
could predict a 50% reduction in fall risk. However, speed/executive attention could only
predict the occurrence of single falls. To explain recurrent falls, verbal 1Q (measured using
Vocabulary, Digit Span, Information subtests of the Wechsler Adult Intelligence Scales—
Revised, Boston Naming Test, and Executive Function Letter Fluency test) and the presence
of other diseases were a better predictor. Stern (2002) suggests that verbal IQ represents
cognitive reserve in individuals and so, this study would indicate that reduced cognitive

reserve is also associated with fall risk (Holtzer, et al., 2007).

Executive function may also contribute towards unsafe pedestrian road crossings. One of the
findings by Holland & Hill (2010) was that along with mobility measures and start-up delay
(slowed motor initiation), crossing skills such as walking time estimation and looking
b.ehaviour were linked to successful crossings in a simulated road environment. The authors
:?i?Qund that those who failed to look left one more time before crossing were more likely to
hﬁve had an unsuccessful crossing attempt (which was commonly observed in older
participants). The looking behaviour findings suggest that some of the unsafe crossing
decisions may be as a result of participants only observing the immediate threat but not
planning effectively for the next lane of traffic and so, not taking into account both sides of
the road when crossing. This could indicate that planning ability or a reduced ability to shift
~ attention at least partially accounts for unsafe pedestrian crossings. A self-reported limitation
f. | with the Holland & Hill (2010) paper is that the role of cognitive function such as visual

attention and executive function was not explored in relation to unsafe crossing judgements.
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Chapter 2 directly assessed the control of attention and executive function, such as planning

for the occurrence of unsafe crossing errors in older adults.

One aspect of executive function is set shifting. Set shifting decline has previously been
found to be related to age-related walking speed decline (Soumaré, Tavernier, Alpérovitch, et
al., 2009), reduced balance performance (Brauer, Woollacott, Shumway-Cook, 2001, 2002),
along with unsafe pedestrian crossings (Dommes, Cavallo, & Oxley, 2013). Further, previous
research by Li, Roudaia, Lussier, et al. (2010) found that cognitive training using various
eiecutive function tests measuring set shifting and executive control/speed improved
standing balance performance in older adults. There has also been evidence for the role of
response inhibition in unsafe pedestrian crossing decisions (Dommes & Cavallo, 2011). The
authors argued that the ability to inhibit responses may be important for ignoring irrelevant
information and redirecting attention to the relevant information in a rapidly changing
environment. However, currently attentional set shifting ability has not been investigated in
terms of specific pedestrian lane crossing errors. Such ability could be necessary in order to
change focus from the near-side of the road to the far-side of the road, or even from attending
to the road to beginning walking. Chapter 2 directly assessed the potential role of attentional

ey

set shifting in near-side and far-side unsafe crossings, along with start-up delay.

Inhibition has also been linked to successful mobility performance. This was supported by
Redfern, Miiller, Jennings, & Furman (2009) who found that difficulties in perceptual and
“motor inhibition could impact on participants’ postural stability and balance. Balance is not
;;ihe only mobility aspect found to have links to response inhibition. Participants with a recent

history of falls performed more poorly than non-fallers on measures of Stroop and Go-No Go
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tests, both of which are measures of response inhibition (Hausdorff, Doniger, Springer, et al.,
2006; Springer, Giladi, Peretz, et al., 2006). In addition, deficits in these measures were
related to walking swing time variability. This was exacerbated in a dual task scenario
(Springer, et al. 2006). However, these studies did not determine whether these executive
functions had a differential relationship with specific lane crossing errors. Chapter 2
investigated whether set shifting and inhibition were more influential than mobility and motor
initiation for lane specific unsafe pedestrian crossings in older adults. Chapter 3 then
investigated whether set shifting and inhibition could impact on significant mobility

pedestrian predictors from Chapter 2, including mobility measures such as chair rises.

In a review by Yogev-Seligmann, et al. (2007) it was suggested that updating (or response
monitoring) could be an important factor in navigating everyday environments as without it,
and without it interacting with other areas/functions, one would not be able to stop if needed,
turn, or modify speed with the presence of an oncoming obstacle. Despite this, limited
research has been conducted into a relationship between updating ability with pedestrian
crossing judgements. Chapter 2 directly measures this potential relationship. Poor updating
'fe';l.;:’ility has previously been found to interfere with walking tasks (Theill, Martin, Schumacher,
| et al., 2011) and is associated with slower walking speed (Holtzer, Verghese, Xue, & Lipton,
2006). Kawagoe & Sekiyama (2014) conducted a series of N-back tests (a measure of
working memory and updating) with a timed-up and go test (measure of mobility status and a
test of manual dexterity (peg board test). All three N-back tests were related to timed-up and
go, but not manual dexterity. These findings demonstrate that updating ability are related to
gross mobility tasks but not necessarily fine motor tasks. Chapter 3 investigated the effects
-~>::’:)f updating ability on other gross mobility tasks including walking speed. Also, updating was

- explored in terms of a predictive relationship with previous falls.
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Planning ability, such as that measured by the Tower of London task (Shallice, 1982) is
another executive function that may impact on mobility, falls, and unsafe crossing behaviour.
Freezing of gait in older adults with Parkinson’s disease has been previously been linked to
spatial planning ability (Ferrari, Lagravinese, Pelosin et al., 2015), thus suggesting that
spatial planning is required for successful walking. However, little is known about spatial
planning in healthy ageing for walking ability, and other mobility abilities such as balance.
This is despite evidence of other spatial abilities being related to mobility such as evidence of
a visuo-spatial switching task link to walking speed (Hawkes, Siu, Silsupadol, & Woollacott
2012), and spatial mental rotation ability previously linked to balance ability (Jansen &
Kéltner, 2014). Chapter 3 investigated the relationship between spatial planning and spatial
working memory with falls and various mobility abilities including postural sway, chair rises,
and walking speed. In addition, as older adults tend to make more pedestrian errors at the far-
side of the road (section 1.1), and are more influenced by the distance of the car rather than
the speed (Lobjois & Cavallo, 2007), it could be inferred that spatial planning, and possibly
the sub-measure spatial working memory may impact on far-side unsafe pedestrian crossing
decisions. Chapter 2 directly tested this link between far-side unsafe crossings with spatial

planning and spatial working memory.

1.3 Aging Mobility: Neuronal and Anatomical Changes
As age increases, the amount of grey matter in the brain, particularly in the frontal lobe

decreases (this includes the motor cortex), resulting in an increase in the size of the ventricles
and cortical sulci (Van Petten, Plante, Davidson, et al., 2004). Age-related changes in the
prefrontal cortex have been found to be associated with deficits in memory, and high level
‘_”(ﬁ;ognitive processes, such as executive function (Spreng, Wojtowicz, & Grady, 2010). As

indicated above, executive function includes items such as updating, set shifting, spatial
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planning, and inhibition (section 1.2). Too great a decline in the volume of prefrontal and
medial temporal lobes has been associated with dementia (Maillet & Rajah, 2013). As it is
evident that the brain undergoes changes in structure with increasing age, and also the ability
to perform motor functions, such as normal mobility and pedestrian behaviour alters with age
(section 1.1), one may expect a relationship between motor difficulties and pedestrian

behaviour with brain structure in older adults.

Neuroimaging studies have attributed mobility changes with age to regional brain atrophy
(R&)Séﬁ(), Aizenstein, Brach, et al., 2008; Rosano, Bennett, Newman, et al., 2012; Rosano
Studeﬁski, Aizenstein, et al., 2012 ). Rosano, et al., (2008) found that gait step length and
width were related to gray matter loss in areas associated with motor ability (motor,
sensorimotor and supplementary areas, basal ganglia, cerebellum), areas relating to visuo-
spafial function (inferior and superior posterior parietal lobules) and ‘cognitive
processing/executive control function’ areas (dorsolateral prefrontal cortex). Further to this,
Widéf stepping could be explained by gray matter loss in right dorsolateral prefrontal cortex
along with the bilateral pallidum & inferior lobules once age, and gender had been controlled
f;.réflﬂv’{osano, et al., 2008). These findings indicate that gait decline is at least partially as a
resﬁlt of a gray matter decline in the structural integrity of specific areas of the brain, and also
thét there is a relationship with cognitive processes. In support of these findings, Rosano,
Studenski et al., (2012) found that smaller grey matter volume in the prefrontal cortex with
older age was significantly related to walking speed and to information processing speed
(mainly the Digit Symbol Substitution test), but not measures of visuo-spatial & perceptual
:attention, global functioning or memory. Also grey matter atrophy was linked to sit-to-stand

ﬁines, postural stability (recovery when balance perturbed), posture (stooping and leaning)
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and gait (speed, arm swing, abnormality) (Rosano, Bennett et al, 2012).These studies

implicate the role of the frontal lobe gray matter in mobility measures such as gait.

In addition to changes to grey matter volume, changes to white matter in the brain can also
have an impact on mobility functioning. Reduced connective white matter organisation (or
white matter hyperintensity) has previously been linked to difficulties in postural sway
(Novak, Haertle et al., 2009). Also, reduced structural white matter atrophy in the corpus
callosum, which allows communication between hemispheres, and periventricular areas were
found to predict mobility performance in areas such as balance, chair rising ability, walking
speed, and ease at taking the stairs and could predict decline in set shifting, inhibition, and
cognitive processing speed (Wakefield, Moscufo, Guttmann, et al., 2010). Further, ina
longitudinal study by Ryberg, Rostrup, Paulson, et al., (2011), it was found that structural
white matter atrophy in the corpus callosum could predict walking speed, standing balance
and chair rising ability, along with cognitive (Mini Mental State Examination; MMSE)
impairment three years later. Overall, this indicates that structural changes in white matter
can influence and even predict mobility (balance, walking speed, chair rises, and stair
g}imbing) and specific executive functions (set shifting, inhibition) and processing speed in
,ciii;lder adults, and that hemispheric communication is important in order to conduct such

activities in older adults.

Age-related changes in the motor cortex have also been linked to neuronal changes.
Continual beta (15-30 Hz) oscillations are produced within the primary motor cortex, mainly
in the contralateral (to the dominant hand) hemisphere (Baker, Olivier, & Lemon, 1997). In

’ khealthy younger adults this beta power reduces before movement initiation (event related beta

desynchronisation) and then strongly increases after the movement has been completed (post
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movement beta rebound) (Gaetz, MacDonald, Cheyne, & Snead, 2010). With increasing age,
beta power prior to movement has been found to increase and post-movement beta power has
been found to decrease (Labyt, Szurhaj, Bourriez, et al., 2003) and similar beta power
patterns has been linked to maladaptive movement disorders such as Parkinson’s disease
(Hall, Prokic, McAllister, et al., 2014). Parkinson’s disease has previously been linked to
unsafe pedestrian crossings (Lin, Ou, Wu, & Liu, 2013). This could suggest that increasing
age and age-related oscillatory beta power changes may be contributing towards unsafe
pedestrian crossings in older adults. Chapter 4 determined whether age-related beta power
changes pre-and post-movement are related to unsafe pedestrian crossing errors (computer

based crossing task and Chapter 2 pedestrian performance).

Foerch & Steinmetz (2009) theorised that age-related structural changes, mainly in the right
hemisphere, may negatively impact on processing of the left side of their environment.
Therefore, this may contribute towards pedestrian crossing errors particularly on the far-side
of the road (i.e. the UK far-side of the road where traffic arrives from the left field of view).
However, research has not been conducted into the potential link between unsafe pedestrian
crossings and hemispheric neural activation. However, in a review by Greenwood (2007), it
wﬁs found that the areas that displayed the greatest decline, such as the prefrontal and
posterior parietal cortices, also demonstrated the greatest activation. Further, the review
stated that increasing use of the contralateral hemisphere (contralateral to the dominant
hand/hemisphere) occurs with increasing age. The author claimed that this increased
activation and hemispheric neuronal recruitment may be a form of compensation or plasticity,
particularly considering evidence regarding stroke patients increasingly using both

hemispheres after training. Chapter 4 examined whether reduced neuronal activation in the
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contralateral hemisphere or whether hemispheric bilaterality may be linked to unsafe

pedestrian crossings.

To summarise, there has been no research conducted into pedestrian behaviour and changes
in neural power changes with age. As pedestrian behaviour has previously been linked with
cognition and mobility, and mobility and cognition have been linked to neural beta power
changes, one may hypothesise that a relationship may be found between neural beta power
and effective pedestrian crossings. Chapter 4 assessed whether there was a relationship
between maladaptive neural activation prior to movement and during post movement
recovery with pedestrian behaviour (including cognitive and mobility pedestrian predictor
results from Chapter 2). In addition, Chapter 4 examined the impact of such structural
changes, in terms of maladaptive neural beta power, on unsafe pedestrian crossing

judgements with increasing age.

1.4 Fear of falling and Life Space Mobility
In addition to mobility and cognitive measures, fear of falling has also been found to be a risk

faé;_tor for falls (de Vries, Peeters, Lips, & Deeg, 2013; Delbaere, Close, Heim, et al., 2010)
and frailty (Lach, 2005; Tennstedt, Howland, Lachman, et al., 1998).Although a fear of
falling is a common consequence of having had a fall (Niino, Tsuzuku, Ando, & Shimokata,
2000; Howland, Lachman, Peterson, et al., 1998), a fear of falling can also occur in the
absence of falls (Myers, Powell, Maki, et al., 1996). This fear of falling can lead to a
restriction of activities (Painter, Allison, Dhingra, et al., 2012), mobility avoidance such as
being fearful of leaving the house (WRVS, 2012), a reduced quality of life (Li, Fisher,
.Harmer, McAuléy, & Wilson, 2003), and increased social isolation (Rantakokko, Iwarsson,
Vahaluoto, et al., 2014). Fear of falling has been thought to contribute towards increased and
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perhaps undue disability in older adults (Lach, 2005; Tennstedt, Howland, Lachman, et al.,
1998).This avoidance of activity could lead to additional frailty due to increased muscle
weakness (Rubenstein, 2006). Frailty in older adults has also been found to be highly
predictive of the timing and presence of future falls (de Vries, Peeters, Lips, & Deeg, 2013;

Delbaere, Close, Heim, et al., 2010).

Older pedestrians are also likely to be anxious and/or overwhelmed due to sensory overloads,
poor signage, and perceived barriers such as physical and social factors in unfamiliar areas or
éiue to changes within the person such as reduced eyesight or cognitive impairments making
the area seem unfamiliar. These anxieties may be exaggerated if mobility and cognitive
impairments are also present (Phillips, Walford, Hockley, Foreman, & Lewis, 2013).
Perceived barriers in one’s environment can lead to feelings of loneliness (Rantakokko,
Twarsson, Vahaluto, et al., 2014), and reduced physical activity (Portegjis, Tsai, Rantanen, &

Rantakokko, 2015).

, To date, no significant body of work has combined behavioural methods with relevant
gguropsychological features such as motor initiation, quality of life, life space mobility, and
fear of falling measures. Understanding fear of falling and life space limiting factors may
provide a chance of preventing future falls, frailty & disability, mortality, and increase the
quality of life of older adults. Chapter 5 examined the impact of mobility and cognition on
fear of falling and life space, and how these measures impacted on quality of life in older

adults.
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1.5 Chapter Summary and Thesis Rationale
To summarise, it is uncertain whether pedestrian crossing errors in older adults are as a result
of mobility changes and changes in motor initiation, or as a result of cognitive impairments or
" a combination. Further, little is known about why older adults are likely to make more unsafe
crossings in the far-side of the road than the near-side of the road. Limited research has been
conducted into the role of spatial ability (i.e. spatial planning and spatial working memory) in
relation to mobility, particularly pedestrian behaviour. This is despite older adults statistically
being involved in more fatal far-side road collisions, and indirect relationships between
spaﬁal judgements and simulated pedestrian studies (car distance judgements, Lobjois &
Cavallo, 2007). Also, it may be inferred that judgments at the near-side of the road may be as
a result of balance issues, visual attention or attentional within participant variability.
Chapter 2 directly examined the impact of mobility and cognition on lane specific road

crossing errors.

Within participant variability has also been linked to cognition, but little research has been
conducted between within participant variability with mobility & pedestrian behaviour
_d§spite emerging evidence for a link with cognition and falls. In addition, it is unclear
Whether age-related mobility difficulties and falls are a result of mobility and motor initiation,
or as a result of cognition, or a combination, and there have been inconsistencies in the
literature regarding the executive functions identified as important in mobility decline. This
may be as a result of the possibility that different combinations of executive functions are
required for differing aspects of mobility. Chapter 3, guided by the mobility predictors from

Chapter 2, examined the predictive components of mobility and falls in older adults.
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Some of the changes in safe crossing behaviour may be as a result of age-related changes in
the brain; these changes are both structural and functional, such as gray matter decline
causing a slowing of processing and an increased dependence on both hemispheres. To date,
this link between pedestrian behaviour and maladaptive neural beta power has not been
directly measures. Chapter 4 investigated the relationship between neural changes and

pedestrian behaviour with increasing age.

In j;;westigating the impact of each cognitive process in relation to mobility (including
p‘e‘destrian behaviour and falls), this may provide a greater understanding into how to develop
a suitable treatment and prevention. In addition, these measures may be imperative in quality
of life, fear of falling, and life space mobility in older adults. A series of studies using an
extensive neuropsychological battery of assessments were employed to delineate predictors
Qf impaired function, along with adaption/compensation, by combining behavioural methods

with relevant neurophysiological features.
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2 Examining links between cognitive markers, movement initiation & change, and
pedestrian safety in older adults

Objective

The purpose of this study was to determine the extent to which mobility indices, motor
initiation, and cognitive function, within participant variability, differentially predicted

pedestrian traffic collisions in the near and far sides of the road with increasing age.

Methods

Adults aged over 45 years participated in cognitive tests measuring executive function and
visual attention (using Useful Field of View; UFoV®), mobility assessments (walking speed,
sit-to-stand, self-reported mobility, and postural sway assessed using motion capture
cameras), and gave road crossing choices in a two-way filmed real traffic pedestrian

simulation.
Results

A stepwise regression model of walking speed, start-up delay variability, and processing
speed) explained 49.4% of the variance in near-side crossing errors. Walking speed, start-up
delay measures (average & variability), and spatial planning explained 54.8% of the variance
in far-side unsafe crossing errors. Start-up delay was predicted by walking speed only

(explained 30.5%).
Conclusion

Walking speed and start-up delay measures were consistent predictors of unsafe crossing
behaviours. Cognitive measures, however, differentially predicted near-side errors
(processing speed), and far-side errors (spatial planning). These findings offer potential

contributions for identifying and rehabilitating at-risk older pedestrians.
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2.1 Introduction: Pedestrian Incidents and Fatalities
Chapter 1 highlighted that unsafe pedestrian crossings are influenced by age-related changes

in cognition (particularly executive functions), motor initiation, and mobility measures.
However, previous research has not studied lane specific errors separately. This is despite
previous research and pedestrian fatality statistics suggesting that there may be different
processes in near-side and far-side crossing errors. This chapter aimed to explore the
predictive relationships between cognitive (such as spatial planning and within participant
variability), motor initiation, and mobility measures identified in Chapter 1, and unsafe

crossing choices in the near- and far-sides of the road using a simulation paradigm.

Adults over the age of 65 years represent 17.4% of the UK population, a rise of 17.3% since
2003 (UK National Statistics, 2014), and this figure is expected to rise (UK National
Statistics, 2012). Rolinson, Hewson, Hellier, & Husband (2012) compared the number of
pedestrian traffic collisions between 1989 and 2009 with the UK National Travel Survey of
estimated trips. They found that the estimated risk of pedestrian fatal injury in the age group
70 yéars and above was 5.19 times greater per trip compared to pedestrians aged 21-29 years.

The high number of fatalities in older adults may be partially due to increased physical

frlfty, for example, caused by additional diseases, such as osteoporosis (Rubenstein, 2006),
which could make a collision more likely to result in serious injury or death. However, this
lack of resilience to physical collision does not explain why so many over the age of 60 years
are being involved in such an incident in the first place (21.82% killed or severely injured,
14.68% of all injury severities; DFT, 2010). Determining the person based risk markers for
the occurrence of pedestrian collisions in older adults is necessary if prevention strategies are

to be developed.
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~.2.1.1 Near-side and Far-Side Fatalities in Older Adults
A first question is whether there are salient differences in the type of incidents older

-pedestrians have as compared to younger adults or other high risk groups such as children.
‘Police reports, such as that of Fontaine & Gourlet (1997) in France found that older
pedestrjans over the age of 65 were more likely to be fatally injured in the middle or far-side
of the road than the first half of the road (near-side, nearest to the pedestrian start point).
Additionally, Oxley, Fildes, Ihsen, Charlton, & Day (1997) in Melbome found larger
numbers of older pedestrian collisions (where obstacles were not present) were made when
traffic was coming from the far-side of the road compared to near-side collisions. In contrast,
for ybunger adults, there was little difference between near-side and far-side collisions.
Similar results were found using a simulated road environment (Dommes, Langevin, Cavallo,
Oxley, & Vienne, 2011) whereby more unsafe crossing decisions were made when the closest
vehicle was on the far-side of the road with increasing age (from 20-84 years). Later,
Dommes, Cavallo, Dubuisson, Tournier, & Vienne (2014) also discovered that both younger
old (62-71 years) and older old (72-85 years) had a tendency to cross more slowly, and leave
enough of a safety margin to cross the near-side gap but not enough time to successfully cross
the far-side gap in traffic. Various authors have suggested that this data implies that older
pé@iééuians are mainly attending to the immediate threat and either misjudging or not

écﬁbwledging the next lane of traffic.

In a meta-analysis of pedestrian collisions and the types of roads in which they occurred,
Dunbar (2012) found that the numbers of near-side compared to far-side pedestrian casualties
‘dcclined across the lifespan from the ages of 10-15 years until the ages of 85 years and above.
ThlS suggests that there may be an increasing failure to attend to the far-side of the road as

age increases. This pattern, however, reversed after 85 years of age, which although not
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significant, an increase in the number of near-side errors may also demonstrate a lack of
general attentional control in very old age. The current study examined the potential different
roles of attention and spatial abilities in far-side and near-side traffic errors in order to
attempt to clarify the predictors of errors relevant to each direction and any age-related

change in this.

2.1.2 Crossing Decisions, Motor Control & Mobility
Normal gait becomes increasingly more difficult, and slower with increasing age. Walking

speed in older adults is on average 0.9m/s in men and 0.8m/s in women over the age of 65
years V(Asher, Aresu, Falaschetti, & Mindell, 2012), whereas younger adults walk at an
average speed of 1.43 /s (Bohannon & Andrews, 201 1). This is problematic when road
pedestrian crossings typically allow a walking speed of approximately 1.2m/s (Bohannon &
Andrews, 2011). In addition to the data above on near versus far-side collisions, older adults
have also been found to be more likely to be involved in a pedestrian incident on wider roads
(Zegeer, Stutts, Huang, Zhou, Rodgman, 1996; Zegeer, Stutts, Huang, & Zhou, 1993),
suggesting that frailty may be a factor in reaching the second half of the road safely. Walking
spe;g}d has been previously found to be important in predicting unsafe crossing errors in

simulated environments (Dommes, Cavallo, & Oxley, 2013; Holland & Hill, 2010).

Older adults also display a delay in starting to walk once they have decided to do so (Holland
& Hill, 2010). This delay (i.e. motor initiation, or start-up delay), along with changing
mobility and crossing skill, may influence crossing error. Using a two-way simulated road
environment, Holland & Hill (2010) found that older adults (particularly older men)

demonstrated significantly more total unsafe crossing decisions, and unsafe crossing
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‘behaviour (smaller safety margins, fewer or wrong direction head turns) compared to their
younger counterparts. Road crossing skill (e.g. walking time estimation, looking behaviours,
and safety margins) as well as mobility indicators (mobility assessment, start-up delay,
walking speed) were major determinants of crossing errors. Start-up delay alone predicted
21% of unsafe crossing variance. Delay in beginning to cross would be likely to result in a
safe crossing gap no longer being safe once the person began to move. After controlling for
age, safety margin left when ‘crossing’ was negatively associated with the following mobility
measures: walking time, timed sit-to-stand measure, and self-reported mobility difficulties.
This implied that mobility and motor initiation are major components of unsafe crossings, but
also suggested differing effects between genders. Dommes, Cavallo, & Oxley (2013) found
that walking speed, rather than cognition, was the most predictive of total unsafe simulated
crossing errors (supporting Dommes & Cavallo, 2011, and Holland & Hill, 2010, but

contradicting findings in the meta-analysis by Dunbar, 2012).

Further to this, Holland & Hill (2010) found unsafe crossing choices in older men were
si_ggiﬁcantly predicted by reduced mobility, but in women, unsafe crossings were
siggéﬁcantly affected by driving experience (years) (driving performance has previously been
lmked to visual attention; Clay, Wadley, Edwards, et al, 2005) and age. This may suggest that
there is both a mobility and cognitive component, such as perhaps visual attention, which
may be involved with crossing error. As pedestrian fatality statistics show more far-side than
near-side errors, the inconsistency in predictive factors of total unsafe crossings across
genders may be due to differences in the type of lane error made. This study therefore
exﬁlored potential differences in mobility and cognition for varying lane errors with gender

and increasing age.
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The role of start-up delay seems central to the investigation, and potential remediation, since
not only does it seem to be one of the most salient predictors of unsafe crossings, it is also
possible that it is amenable to training, with Thomson, Tolmie, Foot, Whelan, Sarvary, &
Morrison, (2005) demonstrating that motor initiation improved with perceptual training in
children, which may generalise to adults. In support of a start-up delay component, Neider,
Gaspar, McCarley, Crowell, Kaczmarski, & Kramer (2011) found that older adults (59-81
years) had longer initiation times to begin to cross once a crossing gap was chosen
(pedestrian simulation using virtual reality CAVE and a treadmill) than younger adults (18-26
years) whilst undistracted. Older adults also took longer to cross once movement was
initiated, left smaller crossing gaps, and missed more available gaps compared to younger
adults. An interaction was found, whereby older adults were more affected by increased
attentional demand for each of these measures than younger whilst performing a secondary
task (listening to music or talking on the phone), suggesting an attentional resource
component to motor control and unsafe crossing. In addition, attention accuracy, reaction
time, and vehicle distance were also positively correlated with more virtual ‘collisions’,
suggesting but only indirectly testing the presence of cognition and spatial planning n
pedestrian behaviour and motor initiation. As start-up delay appears to be a reliable strong

* predictor of unsafe crossing behaviours in older adults, this chapter directly assessed the
extent to which cognition or mobility contributes towards start-up initiation time (delay), as
well as further exploring the role of start-up delay on unsafe crossing errors by comparing its

contribution to near and far side errors.

Besides walking speed and sit-to stand measures, balance may also be a factor in unsafe
crossing decisions. Nagamatsu, et al (2011), in a pedestrian simulator (CAVE virtual

environment) study, found that those at risk of falling (assessed using the Physiological
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Profile Assessment, including postural sway), were found to make more ‘collisions’ with
virtual moving cars, and took longer to ‘cross the road’ (slower walking speed) than those not
at risk whilst completing an ‘active’ secondary attention-based task (talking on the phone),
but not with ‘passive’ distraction (listening to music) and no distraction. ‘At risk” older adults
wére also involved in more “collisions’ (in the divided attention condition) in the near-side.
As the ‘at risk’ group showed issues of postural sway, this study implied that balance may be

an additional contributor to pedestrian behaviour.

2.1.3 Crossing Decisions and Cognition
One reason for the overrepresentation of older adults in pedestrian fatalities, particularly in

the far-side of the road, may be as a result of incorrect crossing judgments. Oxley, Thsen,
Fildes, Charlton, & Day (2005), in a two-way simulated roadside environment, and Lobjois
& Cavallo (2007) in a one-way simulation, found that both younger and older adults’
decisions to cross were influenced more by the distance of the car than by the speed,
suggesting difficulties in integrating and processing two sources of spatial information whilst
deciding on whether to cross. Also, as this appears to be present in both a one-way and two-
way crossing environment, this spatial planning may be a factor in both near-side and far-side
unsafe crossings, although not measured directly in the above studies. In support of a role of
spatial planning ability in negotiating a rapidly changing environment, navigational planning
(measured using a zoo mapping test) has previously been found to be related to a reduced
ability to successfully navigate a virtual reality shopping environment in older adults
(Sangani, Koenig, Kizony, & Weiss, 2013). Spatial planning ability, such as that measured by
the Tower of London task (Shallice, 1982) is commonly used as a measure of executive
function, along with measuring working memory load for older adults (Phillips, Gilhooly,

Logie et al., 2003). Moreover, planning ability measured by the Tower of London has been
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) -shown to be related to a sudden termination of gait in Parkinson’s disease (Ferrari,
Lagravinese, Pelosin et al., 2015). In addition to motor initiation and the physical ability to
begin to cross once a safe crossing gap has been chosen, pedestrian decisions may involve
mentally assessing internal capabilities and environmental spatial cues, and judging the
consequences of crossing at a given point, that is the essence of planning. In this study, a
touch screen version of the Tower of London, the Stockings of Cambridge task (CANTAB)

was used to assess spatial planning.

Further, both long and short term spatial memory deficits (i.e. working memory capacity for
spatial cues, measured using a block tapping test) have been indicated with increasing age
(Piccardi, Iaria, Bianchini, Zompanti, & Guariglia, 2011). Working memory, measured using
backwards digit span and visual (spatial) working memory were found to be related to visual
attention (Useful Field of View, see below for details), and driving hazard observation
measures (Anstey, Horswill, Wood, & Hatherly, 2012), indicating that spatial working
memory may also be necessary in successfully navigating a roadside environment. This
chaptg_; therefore directly measures the relationship between spatial working memory with

near and far side crossing indicators.

Useful Field of View (UFoV®; Ball, Owsley, 1992), measures processing speed (optimal
inspection time for central vision), divided attention (optimal inspection time to recognise
central and concurrent secondary target), and selective attention (optimal inspection time to
identify central and secondary target in the presence of distractors). A measure of visual
af_cténtion performance, it can be worsened by the presence of distractors, especially if similar

in appearance, and shown for a shorter stimulus exposure period. Poorer UFoV performance

46



~ has been found to be consistently linked to poor driving outcomes (including retrospective
recorded driving incidents, and driving simulator studies), as shown by a meta-analysis by
Clay, Wadley, Edwards, et al, (2005) in older adults. These findings suggest that UFoV may
be involved in attending to, and processing salient items on the road. In addition, lower UFoV
inspection times have been related to physical mobility indices, for example, higher balance
levels achieved in older adults (Reed-Jones, Dorgo, Hitchings, & Bader, 2012). As balance
has been implied in relation to unsafe crossings (Nagamatsu, et al, 2011), and as pedestrian
fatality statistics imply a role of inattention, it could be hypothesised that UFoV may relate to
unsafe pedestrian behaviour. Combined with Nagamatsu, et al’s (2011) finding that older
adults at risk of falling (partially categorised by postural sway) made more near-side crossing
errors, this previous research implies that visual attention may be linked to near-side crossing
errors. In support of a link between UFoV and pedestrian crossing error, Dommes, Cavallo,
& Oxley (2013), and Dommes & Cavallo (2011) found that the reduced processing speed
(measured using the UFoV), was an important predictor of total unsafe crossing errors in one
and two lane simulated traffic. These authors, however, did not explore whether there was a
differential effect of UFoV on near-side and far-side unsafe crossings, despite reported

differences in number in pedestrian fatality statistics.

Further executive functions, such as set shifting and inhibition, may also contribute towards
unsafe crossing errors. Dommes, Cavallo, & Oxley (2013) found that vehicle time-to-arrival
estimates and attention shifting were highly predictive of total unsafe crossing errors. This
suggests that perceptual speed and cognition are important, even after including mobility, in
predicting total unsafe crossing errors. Dommes & Cavallo, (2011) also found inhibitory
executive control (measured using the Go No-Go and Stroop task) to be significantly

predictive of unsafe crossings with increasing age, adding an additional 4.1% once UFoV,
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~ rehicle time to arrival, and walking speed were accounted for. As indicated above, these
withors did not explore whether these different aspects of cognition and mobility contribute

lifferentially towards predicting near-side and far-side crossing error.

2.1.4 Within Participant Variability
Age has also been related to increased intra-individual variability in reaction times across

irials (i.e. reaction time changeability) (Bunce, MacDonald, & Hultsch, 2004). This
variability in cognitive performance is especially apparent when tasks are cognitively
demanding (Strauss, Bielak, Bunce, Hunter, & Hultsch, 2007), due to competing attentional
processes carrying out the task (Kelly, Uddin, Biswal, Castellanos, & Milham, 2008). Recent
research has identified that intra-individual variability in reaction times is negatively related
to other cognitive functions such as perceptual speed, working memory, and episodic
memory (Bunce, MacDonald, & Hultsch, 2004) and inhibition control (Bellgrove, Hester,

Garavan, 2004).

Currcjgtly there is a limited amount of research exploring the link between within participant
variability in everyday activities (Bunce, Young, Blane, & Khugputh, 2012). Bunce, et al
(201‘2)‘exaniined effects of within participant variability (task standard deviation) on
simulated driving performance. Inhibition, reaction time, and within participant variability
were related to more unsafe distances and variable gaps between themselves and the car in
front, along with more deviation in lane position. This variability in cognitive and driver
performance increased with age. Given this link between within participant variability and
driver road safety margins, and as executive functions previously linked to pedestrian safety
aiéo"‘l;élate to within participant variability, variability may at least partially contribute
towards pedestrian crossing errors. As attentional variability in Bunce et al’s (2012) study
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~ was related to immediate lane position and safety margin in driving, this suggests that it could
se extended to immediate lane (or near-side) crossing decisions. The current study therefore
aypothesised that within participant variability may affect crossing accuracy, particularly

near-side errors, as a result of potential gaps in vigilance caused by variability.

In summary, it is unclear whether crossing errors are due to issues with mobility and motor
control, or to aspects of cognitive function, or a combination. Some of the inconsistencies in
previous literature may be due to different mobility and cognitive abilities relating to
differiﬁé lane error types, given that previous studies examining pedestrian behaviour either
use one lane of traffic, or do not separate lane errors in two lane traffic simulations when
attempting to investigate risk factors. Although it is clear that there are more far-side crossing
errors than near-side with increasing age, near-side errors still occur in this population and so
the possibility of differential predictors needs investigation. In addition, little is known about
thev link between certain aspects of cognitive function such as spatial planning and spatial
working memory, with start-up delay, and crossing error. Previous studies have generally
focuged on fall risk and walking speed, but not on other aspects of physical ability that could
affect crossing safety, despite evidence that suggest other mobility abilities may impact on
pédéétﬁan success. Further to this, as start-up delay appears to be strong predictor of unsafe
crossing behaviours in older adults, and has potential training possibilities, this chapter
directly assessed the extent to which cognition or mobility contributes towards start-up

initiation time.

With this in mind, a battery of executive function and visual attention and processing speed

tests was employed. Additionally, physical capabilities such as postural sway were added.
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The purpose of this study was to elucidate the role of specific cognitive functions, visual
attention, and motor function markers on components of unsafe crossing, including start-up
delay in older age, specifically comparing cognitive with motor predictors of potential

collisions in the near- and far-sides of the road using a simulation paradigm.

The hypotheses that were tested were:

la) There will be a significant covariance between age and the difference in the number of

crossing errors in the near- and far- side conditions

1b) There will be significant positive correlations between unsafe crossing behaviours (i.e.

near- and far- side errors, and start-up delay) and age and gender (0=male, 1=female)

2a) Better performance in mobility (such as postural sway), start-up delay, and cognitive
function (specifically visual attention and within participant variability) will be correlated

with reduced near-side unsafe crossing errors.

2b) Better performance in mobility (such as walking speed), start-up delay, and cognitive
function (specifically executive functions such as spatial planning) will be correlated with

reduced far-side unsafe crossing errors.

3a) Visual attention, within participant variability, mobility and start-up delay will have a

strong linear relationship with near-side unsafe crossing errors

3b) Executive functions (specifically spatial planning), mobility and start-up delay will have

a strong linear relationship with far-side unsafe crossing errors

4) Cognition, as well as mobility, will have strong linear relationships with start-up delay
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2.2 Method

2.2.1 Design
The study uses an experimental design to examine relationships between assessments of

cognition and mobility, and road crossing performance in a simulated pedestrian situation.
Age is treated as a continuous variable, starting from 45 years and onwards. This age range
was chosen as changes in road fatality statistics begin at the age of 60 years (Department for
Transport, 2011), and then fatalities increase further after 70 years (Rolinson, Hewson,

Hellier, & Husband, 2012).

2.2.2 Plan of Analyses
To measure Hypothesis 1a (There will be a significant covariance between age and the

difference in the number of crossing errors in the near- and far- side conditions), a one-way
within participants ANOVA and a one-way within participants ANCOVA, in which age was
controlled for (to see if controlling for age would remove any differences between lane
crossing errors, proportion of near- and far-side errors as the directional factors) were used.
Hypothesis 1b (There will be significant positive correlations between unsafe crossing
behaviours and age and gender) was measured using correlational analyses. A partial
cbrreiation matrix was conducted, controlling for age and gender, to measure Hypothesis 2 a
& b (Better performance in mobility (such as postural sway), start-up delay, and cognitive
function (specifically visual attention and within participant variability) will be correlated
with reduced near- and far- side unsafe crossing errors.). A series of stepwise regressions
were employed to test Hypothesis 3a (Visual attention, within participant variability, mobility
and start-up delay will have a strong linear relationship with near-side unsafe crossing errors),
3b (Executive functions (specifically spatial planning), mobility and start-up delay will have

a strong linear relationship with far-side unsafe crossing errors) and Hypothesis 4 (Cognition,
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1s well as mobility, will have strong linear relationships with start-up delay). The following
variables were entered into the regressions: age, gender, walking speed, self-rated mobility
~ score, sit-to-stand times, perturbation average (transformed), perturbation coefficient of
variance (transformed), start-up delay average and start-up delay coefficient of variance
(except for the start-up delay regression), processing speed (transformed), divided attention
(transformed), selective attention, updating, spatial planning, spatial working memory,
inhibition, set-shifting (transformed), reaction time (transformed), and cognitive within
participant variability (transformed). Prior to the regressions being performed, checks were
made for normality. Variables that did not meet this criterion were transformed using
logarithmic transformation. Checks were also made to ensure that the predictors selected did
not correlate highly with each other, and that they would not violate the sample-predictor

ratio.

2.2.3 Procedure
Participants took part in one assessment session which took approximately two and a half

hours. Participants were offered breaks at regular intervals between tasks to avoid fatigue.
First, participants filled in a consent form (Appendix 1) and any queries were addressed
befdfé :Continuing. Following the consent form, a self-report demographic mobility
questionnaire (Appendix 2) was completed. The Useful Field of View® task was then
executed, followed then by the mobility assessments. Next participants completed specific
cognitive assessments using the Cambridge Neuropsychological Test Automated Battery
(CANTAB®) (tests listed below), and the Pedestrian simulation task. Once the assessment

finished, the participant was then debriefed (Appendix 1) about the nature of the study.
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2.2.4 Participant Sample
The research sample was obtained from community volunteers, the university volunteer

panel, and volunteers from a university optometry clinic. Further community volunteers were
contacted through a local University of the Third Age (U3A) group (a trust for retired and
semi-retired adults to socialise and share knowledge). Participants received an advertisement,

or viewed a poster version (Appendix 1) around the university with instructions about how to

opt in to the study.

104 participants were recruited; however, 1 participant was excluded from the analysis as
they were unable to complete the pedestrian simulator task, leaving a total of 103 participants
in the sample. The sample consisted of participants aged 45-88 years (see Figure 1 for the
participant age range and distribution). There were 65 female participants (63.1%).
Participant travel expenses were reimbursed for taking part. A power analysis indicated a
need to recrﬁit and retain a minimum of 103 participants to enable multiple regression

analysis using 7 step predictors at 80% power to detect a moderate effect size (Soper, 2006).

Inclusion criteria for participants included people capable of going out and crossing roads
independently; any visual impairment that could be corrected (i.e. using spectacles or contact

lenses); reporting no recent head trauma, and not displaying significant cognitive impairment

in the cognitive tests.
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Figure 1- Histogram of Particjpant Age Distribution

Mean= 66.5 years
Std. Dev. =9.89
Skewness= -.290
Kurtosis= -.460

Age (years)

2.2.5 Location
The study took place within the University psychology laboratories. The research

environment was checked by the Health and Safety Officer for the psychology laboratories
before the experiment commenced. Risk assessments for the tasks within this environment

were also conducted.
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. 2.2.6 Materials and Test Assessments

2.2.6.1 General Mobility Score & Walking Speed
A self-report, paper based mobility questionnaire based on the questionnaire by Holland &

Hill (2010) was used to achieve a score for general participant mobility (Appendix 2). This
contained questions regarding independence indices including: the ability to walk a quarter of
* amile; manage the stairs easily; and information about any illness or injury that may have an
impact on their walking. The walking speed task (as used by Holland & Hill, 2010) used a 7
metre walk way to match the width of the road in the simulator task. The use of walking aids
was allowed if required. Walking time was measured from the time the participant crossed
the starting line using a digital stopwatch. Participants were asked to complete this twice at
their normal walking speed and an average of the two measurements was used. The outcome

measure was walking speed in metres per second.

2.2.6.2 Sit-to-Stand & Postural Sway
Sit-to-stand time and postural sway were measured by three motion capture cameras using

the Qualisys Systems ProReflex Motion Capture Unit (MCU) (Figure 2). This MCU records
120 frames per second (120 Hz). Nine 19 mm non-invasive, passive retro-reflective markers
were attached to the left and right shoulder (acromion), the xiphoid process (lower part of the
sternum), hips, knees and feet (Figure 2). The perturbation task, (Rochelle, Witton, & Talcott,
2009), was used to measure postural sway and instability. A belt was secured around the
participant’s waist; attached to the belt were a pulley and a counterweight (5% of
participants’ body weight). Perturbation was achieved by releasing the weight unexpectedly.

The outcome measures were the average anterior-posterior movement from the time of the

' weight release to resting point, and the individual variability across four trials. The sit-to-

stand task is a measure of lower extremity strength and general motor ability (Lord et al,

55






~ stimuli in the periphery of the screen. Three outcome measures were provided: processing

speed, divided attention, and selective attention.

To test cognitive function, tests from the Cambridge Neuropsychological Automated Testing
Battery (CANTAB®) battery were used (see Figure 3 for an illustration). The CANTAB tests
Have high test-retest reliability (Cambridge Cognition, 2008). The Stockings of Cambridge
(SOC) is a spatial planning test based on the Tower of London (Shallice, 1982) which
required participants to manipulate an arrangement of coloured balls to match a target pattern
within a limited number of moves, therefore requiring mental planning (see Figure 3 for an
illustration). The outcome measure was the difficulty level reached. The Spatial Span (SSP)
fask was used to test spatial working memory and required participants to remember the order
in which squares changed colour. The outcome measure take was the maximum level
lireached. The Affective Go No-Go Task (AGN) was used as an executive function set
shifting task. ‘Rules’ changed from responding to ‘positive’ words and ignoring ‘negative’
~ words and then the rules reversed. These words were presented briefly on the screen which

) meant that participants had to process the stimuli and respond quickly. The number of
E | commission errors made (responding to the previous category after a switch) was taken as a
,: » ‘measure of difficulty shifting between the sets of target words. The Stop Signal Task (SST)
was used to assess executive function inhibition ability. Participants were required to respond
whenever they saw an arrow unless a ‘beep’ was heard immediately before the arrow was
‘presented in which case they had to inhibit their response. The outcome measure for
~ inhibition was the proportion of successful stops was employed to measure response
inhibition. The Intra-Extra Dimensional Set Shift (IED) was used to assess updating ability.
' .Updating has previously been used as a measure of executive function (Miyake & Friedman,

~2012). This test required participants to figure out which of the patterns on the screen were
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2.2.6.4 Pedestrian Behaviour
A pedestrian simulation was employed to measure pedestrian behaviour, as used in the study

Tk by Holland & Hill (2010). This consisted of a naturalistic road scene in a city location with

: ‘two-way traffic in a thirty mile per hour zone. The road location did not have a central

reservation or place to stop between the lanes of traffic. The video had been filmed with three
_angled cameras, and was then shown on three angled screens so as to encourage head turning.
:Vehicles in the near lane arrived from the right field of visionand vehicles in the far lane

arrived from the left. Participants were instructed to notify the experimenter when they felt it

was safe to cross the road (i.e. to cross both lanes of traffic) at their normal walking speed by
saying “now” and then take a step forward. Each participant was shown the same pedestrian

environment, which was 9 minutes long.

The total number of possible crossing gaps for each individual varied according to each
person’s assessed walking time. The traffic stream was continuous giving all participants the
opportunity to choose unsafe gaps. The maximum possible number of safe crossing gaps that
pould be safely achieved by this sample was 39 and the minimum which could be achieved
by even the slowest of walkers was 9. An unsafe crossing was a gap chosen (i.e. when they
began to take a step) that could not be crossed at the participant’s normal walking speed. To
account for the variable number of available crossings between individuals (i.e. between 9
and 39), proportions of unsafe crossings were used as the dependent variable. The proportion
of near-side unsafe crossings was calculated as the number of near-side unsafe crossings
’(‘collisions’ in the near lane) divided by the total number of crossings made by that person
(number of safe crossings and unsafe crossings made). The proportion of far-side unsafe

crossings was calculated as the number of far-side unsafe crossings (‘collisions’ in the far
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2.3.7 Hypothesis 3a: Visual attention, within participant variability, mobility and start-
up delay will have a strong linear relationship with near-side unsafe crossing errors
A stepwise regression was conducted to determine the predictors of near-side unsafe crossing

behaviour. The following variables were entered into the model: age, gender, walking speed,
self-rated mobility score, sit-to-stand times, perturbation average (transformed), perturbation
coefficient of variance (transformed), start-up delay average, start-up delay coefficient of
variance, processing speed (transformed), divided attention (transformed), selective attention,
updating, spatial planning, spatial working memory, inhibition, set-shifting (transformed),
reaction time (transformed), and cognitive within participant variability (transformed). The
steps and order of entry produced by the stepwise regression for near-side crossing can be
seen in Table 4. The overall model for near-side crossing errors was significant (7' (3, 97) =
31.506, p <.001), and explained 49.4% of near-side crossing variance (see Table 4). All three
steps were significant step changes: Model 1 start-up delay (F (1, 99) =61.208, p<.001);
Model 2 mobility (F (1, 98) =14.107, p <.001); Model 3 visual attention (¥ (1, 97) =6.455,
p=.013). Model 1 alone contributed 38.2% of the variance in near-side unsafe crossings,
whereas walking speed and processing speed contributed an additional 7.8% and 3.4%

respectively.

Table 4- Predictive Contribution of each Step in explaining Total Proportion of Near-
Side Unsafe crossing variance

odel Steps Variable R® AR Beta Sig.
Start-up Delay Start-up Delay COV 382%* 382%* 618+ <001
Mobility Start-up Delay COV A460** .078** 631%* <.001
Walking Speed -279** <.001
Visual Attention Start-up Delay COV 494%* 034* ._6;:2*:* <0-8?1
Walking Speed ,i88* :013

Processing Speed

*= Significant at .05 level **=Significant at .01 level # R?= R? change COV= Coefficient of Variance

COV= Coefficient of Variance




.3.8 Hypothesis 3b: Executive functions (specifically spatial planning), mobility and
art-up delay will have a strong linear relationship with far-side unsafe crossing errors
other stepwise regression was conducted to measure predictors of far-side unsafe

rossings. The same variables were entered as the near-side crossing regression. For this
gression the steps and order of entry produced by the stepwise regression can be seen in
able 5. The total model for predicting the proportion of far side crossings was significant (¥
4,91)=27.528, p<.001), and accounted for 54.8% of the variance (see Table 5). All four

eps were significant step contributors: Model 1 mobility (¥ (1, 94) =66.482, p<.001); Model
start-up delay average (F (1, 93) =12.824, p=.001); Model 3 start-up delay coefficient of
variance (F(1,92) =8.103, p=.045); Model 4 cognition (F (1, 91) =4.143, p=.045). Model 1
lone contributed 41.4%. Start-up delay Steps 1 and 2 contributed an additional 7.1% and
42% respectively. Spatial planning explained and additional 2.1% once mobility and start-up

delay steps had been accounted for.

Table 5- Predictive Contribution of each Step in explaining Total Proportion of Far-
Side Unsafe crossing variance

[odel Steps Variable R? ~R? Beta Sig.

Mobility Walking Speed Al4¥* A14%* -.644%* <.001

Start-up Delay 1 Walking Speed A485%* 071%* -467** <.001

Start-up Delay Ave 319%* .001
Start-up Delay 2 Walking Speed 527** 042%* - 426 <.001
Start-up Delay Ave A412%% <.001
Start-up Delay COV 218%* .005
Cognition Walking Speed .548%* .021* —.425*'* <.001
Start-up Delay Ave 424%* <.001
Start-up Delay COV 223%% .004
Spatial Planning .144* .045
‘“’?Signiﬁcant at .05 level **=Significant at .01 level » R*>= R* change RT= Reaction Time

COV= Coefficient of Variance Ave= Average




summary hypothesis 3 was supported in that visual attention (processing speed), within

participant variability in start-up delay and mobility (walking speed) predicted near-side
nsafe crossing error variance (Table 4). In addition, far-side unsafe crossing variance was
predicted by spatial planning, start-up delay performance, and mobility (walking speed)
Table 5). These results suggest some commonality in the mobility measures predicting
safe crossing variance, but also differences in the important cognitive predictors for lane-

pecific unsafe crossings.

.3.9 Hypothesis 4: Cognition, as well as mobility, will have strong linear relationships

ith start-up delay
s both the literature and the above regressions suggest that start-up delay is highly

predictive of crossing errors, a stepwise regression was used to determine the extent to which
obility and/or cognition predict start-up delay. Stepwise regression only selected walking
peed as a step predictor. Walking speed produced a significant model (F (1, 100) =43.810,
<.001) and predicted 30.5% of start-up delay variance (see Table 6). In summary the
hypothesis was only partially supported as mobility, but not cognition, was predictive of

art-up delay.

able 6- Predictive Contribution of each Step in explaining Total Proportion of Start-
p Delay variance

odel Steps Variable R? Beta Sig.
305%*

obility Walking Speed -552%* <.001

= Significant at .05 level **=Significant at .01 level Ave= Average
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2.4 Discussion
The purpose of the study was to cxamine the contributions of cognitive and mobility

functions on pedestrian crossing errors, specifically differentiating those which would have
resulted in a collision in the near or far side of the road. In addition, the contributions of thesc

indices as predictors of start-up delay were explored.

In line with pedestrian fatality statistics, a higher proportion of far-side errors were made than
near-side errors in this sample. Once age was controlled for, this difference was no longer
found, suggesting that this effect is at least partially related to age. In addition, age was
positively correlated with proportion of far-side unsafe errors only, showing that older age is
related to more far-side than ncar-side crossing errors (Oxley, ct al, 1997; Dommes &
Cavallo, ct al, 2014), and more crossing errors in general (Holland & Hill, 2010; Dommes,
Cavallo & Oxley, 2014). Gender was also found to be important, supporting Holland & Hill
(2010)’s findings, although this was only found for near-side crossing crrors and not far-side
errors. This suggests that older women are liable to more near-side crrors than men, but they
arc cqually likely to make far-side crossing errors. This may be as a result of driving
experience, as suggested in Holland & Hill’s research, whereby a relationship was found
between increased years of driving experience in women and reduced number of unsafe
crossing decisions made. In this previous research, as driving experience was not found to

make a significant impact on unsafe crossing decisions for men.

A salient finding of this study was that walking specd was a significant predictor in all unsafe
crossing behaviours (ncar-side, far-side, and start-up delay) replicating findings by Holland &

Hill (2010), and Dommes, Cavallo, & Oxley (2013). Walking speed remained a constant
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predictor throughout for proportion of far-side errors, ncar-side errors, and start-up delay.
Self-rated mobility score was also found to be related to all unsafe crossing behaviours (near-
side, far-side, and start-up delay), and sit-to-stand time was found to be related to all but ncar-
side unsafe crossing crrors. Near-side unsafe crossing crrors also differed in that a non-
significant trend was found with perturbation variability suggesting that balance ability is also
an important predictor for near-side unsafe crossings. These results support findings reported
by Nagamatsu ct al. (2001) whereby a relationship was found between unsafe crossings and
balance. This may suggest that physical frailty may be an important predictor, not just of
fatality in any given collision, but also of the likelihood of those collisions to begin with.
These findings arc consistent with the hypothesis that mobility difficultics contributc towards

unsafe crossings decisions and behaviour.

Another important finding was that motor control components had strong and diffcrential
predictive power for specific lane crossing errors. Start-up delay was found to be a significant
predictor for far-sidc errors, but not for near-side errors. This supports previous findings that
start-up delay is a significant contributor in unsafe crossings (Holland & Hill, 2010; Dommes
& Cavallo, 2012; Tomson ct al, 2005). Start-up delay variance (start-up delay cocfficient of
variancc), and not start-up delay average predicted both far-side and ncar-side errors. This
suggests that variability in start-up delay has a negative impact on crossing crrors. These
differential patterns may be useful in predicting and treating at risk pedestrians for specific
lanc risk. Although cognitive within participant variability was not related to or predictive of
ncar-sidc or far-sidc crrors, within participant variability in start-up delay was found to be
predictive for both crossing error types. These results partially support the notion that within
participant variability can impact on safety on roads (Buncc, et al., 2012), but here this is

related to motor initiation variability.

70



However, other measures of cognition played a significant and differential role in specific
lanc crossing crrors. UFoV (specifically processing speed) was predictive of ncar-side unsafe
crossing behaviour, even though a correlational relationship was not found. This confirms
findings by Dommes, Cavallo, & Oxley (2013) for the role of visual attention (UFOV) in
total crossing crror, but specifies this into an effect on near-side errors, supporting predictions

that visual attention has a differential relationship with specific lane crossing errors.

A significant relationship was also found between inhibition and total unsafe crossings, and a
trend was found between inhibition and near-side unsafc crossing crrors, but not for far-side
unsafe crossing crrors. These results partially support and extend findings by Dommes &
Cavallo (2011) who found predictive relationships between inhibition and total unsafe
crossings (using the Stroop measure of inhibition). The stop signal task used to measure
inhibition was assumed to be directly analogous to refraining from stepping out on the ncar
side of the road when near traffic is perceived and the differentiation of the relationship

between directions of traffic supports this.

Spatial planning, but not spatial working memory, was predictive of far-side crossing crrors
only. This confirms that the component of spatial information processing that is involved in
making road crossing decisions is executive planning function. Although previous rescarch

has indicated that spatial planning is related to a freezing of gait in patients with Parkinson’s

Discase, (Ferrari, Lagravinese, Pelosin ct al., 2015), planning ahead was not associated with

start-up delay in this study with a healthy population.
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In summary, mobility (specifically walking speed), and motor control measures (start-up
delay avcrage and/or cocfficient of variance) were important and consistent predictors for
unsafc crossing crrors (total, near-, and far-side). Visual attention (UFOV, specifically
processing speed) and spatial planning were also diffcrential contributors to specific lane
crossing crrors, with visual attention being linked to near-side crrors, and spatial planning
being linked to far-side errors. Motor control also appears to be strongly affected by walking
speed. These results have implications for prediction and training purposes for pedestrian

safety with increasing age, with different pattcrns emerging for men and women.

2.4.1 Limitations
Despite frequent breaks being offered to participants, as the session lasted 2.5 hours, fatigue

effects may have been present, and thus on occasion full concentration may not have becn
paid to the pedestrian, cognitive and mobility tests. Although the laboratory simulated
roadside environment allowed for better control over the variables, and enabled the testing of
cognitive and mobility abilities, participants may have behaved differently in a rcal-world
environment (i.e. when not knowingly being observed, and when a rcal risk is present). Some
of the older adults sampled mentioned that they were not a supporter of “jaywalking” and
much preferred using the designated crossings available, even if they felt it was safe to cross.
For thesc older adults, they may be inexperienced or over-cautious in judging the road in the
task as a result. However, this study provides a more realistic road-side setting than some
other current research as it uses a two-way crossing simulation as opposed to onc, plus it uses
both visual and auditory cucs coming from three directions rather than one. Some of the
crossings deemed to be unsafc here in this simulated environment may not necessarily have
resulted in collisions in a real-lifc as the vehicle or the pedestrian may have taken evasive

action. Driving cxperience data, however, was not collected nor accounted for. Older adults
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with longer driving experience may be more familiar with road planning judgements. Holland
& Hill (2010) found that increased ycars of driving reduced the number of simulated unsafe
crossing errors madc in older women. Future research may bencfit from determining if this

variable can predict more unsafe crossing variance than mobility and cognitive factors.

2.4.2 Conclusion and Future Directions
To conclude, age was only found to be a minor factor in unsafe crossing behaviour (lane

errors). Rather, walking speed, motor initiation and variability, planning and aspcets of
attention were significant. Practical implications for this arc that these elements canc be
measurcd and trained or rehabilitated. Walking speed was identified as an important predictor
of unsafe crossing behaviour and start-up delay suggesting that it may be worth exploring the
predictive componcnts of walking speed separately. This was investigated in Chapter 3.
Future rescarch may wish to use a longer video simulation/road exposurc techniquc, closer to
the time of an average trip travelled by older adults, to sce if any of the cognitive and visual
attention factors become significantly predictive. Scparate sessions may also be useful to
reduce fatigue cffects. Alternatively, another factor that has not been explained or accounted
for, that cannot be linked to age, may be present in this group (c.g. modal modc of transport

and driving history) which could be explored.
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3 Identifying predictors of walking speed and fall prevalence in older adults

Objective

The purposc of this study was to determine the extent to which walking speed (indicated as a
salient predictor of unsafe crossings and start-up delay in Chapter 2), and previous falls can
be predicted and explained by age-related changes in motor initiation, mobility and cognitive

function changes (specifically within participant variability and spatial ability).
Methods

This study used participant data collected in Study 1 (Chapter 2) to determine predictors of
walking speed and previous falls. The dependent measures included were mobility (sclf-rated
mobility, sit-to-stand and postural sway), start-up delay, and cognitive tests measuring

executive function, visual processing & attention (UFoV®).
Results

A stepwise regression model determined that mobility (self-rated mobility scorc and sit-to-
stand times), start-up delay, and within participant variability produced a significant model
which accounted for 53.2% of walking speed variance. A stepwisc logistic regression
conducted for falls did not produce a significant model. However, set shifting and postural
sway (perturbation average) were identified as significant independent and step predictors of

previous falls, and together explained 9-13.9% of fall variance.

Conclusion

Both walking speed and falls have mobility and cognitive components, suggesting that these
measurcs arc morc complex than just a result of physical decline. This could have

implications for trcatment for pedestrian errors, falls, and the onsct of frailty in older adults.
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3.1 Introduction
Results from Chapter 2 indicated that walking speed was consistently shown to be predictive

of, and related to pedestrian crrors, and the sole predictor of start-up dclay. In addition to
pedestrian fatalitics, walking speed has also previously been linked to reduced independence,
frailty, disability, and nursing home admittance (1.1). Another major causc of death and
disability in older adults arc falls (1.1) and can lcad to further frailty due to activity avoidance
(1.4). These findings suggests that walking speed and falls arc important factors of disability,

death, and well-being with increasing age and worthy of being investigated further.

Tt is unclear whether walking speed and falls are due to mobility decline (i.c. physical frailty)
and reduced motor initiation, or as a result of cognitive impairments, or a combination of all
three. Currently, tenuous research has been conducted into the potential role of spatial
planning and spatial working memory in relation to mobility (including falls), despite
previous cvidence of other spatial abilities being linked to walking spced such as visuo-
spatial switching (Hawkes, Siu, Silsupadol, & Woollacott, 2012), and spatial mental rotation
ability being linked to balance (Jansen & Kaltner). Also, emerging rescarch has linked
attentional within participant variability with falls, although currently relationships with
walking speed have been inconsistent. This chapter examined the predictive contributions of
mobility, motor control, and cognitive function (especially within participant variability,

spatial planning and spatial working memory) with walking spced and fall prevalence.
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3.1.1 Mobility Difficulties, Motor Control and Falls in Older Adults

Human gait consists of a complex combination of stance and swing phases. Gait requires the
following three components: progression, postural control, and adaptability for successful
locomotion. Whilst in the support phase, onc must be able to progress in a horizontal
direction, and withstand gravitational forces (postural control). With an cver changing
environment, one must be able to make alterations to movement if nccessary (adaptation).
During the swing phase, one must first progress forward with the leg swing, then relocate the
leg rcady for the rest of the trunk weight (postural control). The individual must also be able

to adapt the leg swing to avoid potential obstacles (Shumway-Cook & Woolacott, 2011).

Lower extremity muscle strength has previously been found to negatively affect on walking
speed in disabled older adults (Cuoco, Callahan, Sayers, ct al., 2004; Bean, Kiely, Herman, et
al., 2002). A combination of both reduced lower extremity strength and poor standing balance
was found to predict reduced walking speed 3 years later in women, even when age, height,
weight, and race was accounted for (Rantanen, Guralnik, Ferrucei, et al., 2001). In a review
by Cadore, Rodritguez-Mafias, Sinclair, & Izquierdo (2012) they found that a combination of
strength, endurance, and balance training was successful in improving both walking speed
and balance, and in reducing fall numbers in frail older adults. Thesc results suggest that
mobility, particularly balance and lower extremity strength, is important in maintaining a
healthy walking speed. In addition to general mobility decline, increased start-up delay has

been related to a reduction in mobility measures, such as walking speed in older adults

(Holland & Hill, 2010).
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Falls frequently occur in older adults while walking as a result of external factors, such as
slipping, tripping, obstacles, and losing footing on a staircase (Niino, Tsuzuku, Ando, &
Shimokata, 2000), or as result of reduced postural control (Ambrosc, Paul, & Hausdorff,
2013). Reduced walking specd, and stride variability has been found to predict falls in older
adults (mean age= 80.5 ycars, SD= 5.4), cven when controlling for cognitive impairment and
reported disability (Verghese, Holtzer, Lipton, & Wang, 2009). Further, poorer gait such as
slower speced and increascd variability was found to predict recurrent falls (Callisaya,
Buzzard, Schmidt, et al, 2011). This indicates that mobility, including walking speed, is an

important risk factor in thc onset and recurrence of falls.

Previous rescarch has uncovered relationships between a delay in beginning movement (start-
up delay) and unsafe pedestrian crossing errors, an cveryday application of mobility (see
Chapter 2 for a review). A slowing of motor initiation may also contribute towards other
types of mobility difficulties presented within older adults. Walking time, sit-to-stand, and
self-reportcd mobility difficulties have been found to be negatively associated with start-up
delay (Holland & Hill, 2010). With relationships being found between falls and walking
speed (Ambrose, et al., 2013), start-up delay could also be relevant in predicting the
likelihood of falls. In summary, walking speed and falls arc at lcast partially explained by a
reduction in mobility, although the relationship between start-up delay and falls 1s as yet
unclear. This chapter examined the predictive contributions of mobility and start-up delay for

walking speed and falls once cognition has been accounted for.
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3.1.2 Attentional Resources linked to Walking Speed and Falls in Older Adults
In addition to increasing age-related mobility difficultics, cognition has also been found to

play an important part in effcctive mobility. As indicated in section 1.2, there is a global
deterioration and slowing in the brain with age (Salthousc, 1996), and thus there arc fewer
attentional resources available to perform complex tasks (Park & Schwarz, 2000). Baltes and
collcagucs posited the lifc span theory of selection, optimization, and compensation (SOC),
whereby they suggested that older adults specifically recruit cognitive and attentional
resources in order to compensate for these age-specific arcas of decline, and optimisc a given
task, thereby reducing losses and increasing gains (Baltes & Carstenscn, 1996; Baltes, 1997).
If mobility function such as walking werc automatic as previously speculated (Hausdorff,
Yogev, Springer, ct al., 2005), then a simultaneous cognitive task (otherwise known as dual
tasking, secc Chapter 1, section 1.2 for more information) would not impact on mobility

performance.

However, dual tasking studies have indeed demonstrated that additional cognitive tasks do
impact on mobility performance. Li, Lindenberger, Freund, & Baltes (2001) tested this theory
of sclectively optimising and compensating in relation to dual task ability. Participants
(younger: 20-30 years, and older: 60-75 years) were required to walk along a narrow track
whilst completing a sccondary cognitive task (memorising a list of words). Results showed
dual-task costs in older adults to the memorising task whilst simultancously walking
compared to their performance in the single-task memorising condition. Further, when given
the option between having a walking aid or a memory aid for during a second attempt, older
adults prioritised walking by accepting a walking aid rather than accepting a memory aid.
Younger adults in comparison chosc memory aids. These findings suggest that there 1s an

underlying cognitive process that is present when walking (Srygley, Mirclman, Herman, et
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al., 2009) and that older adults require additional attentional resources for walking with

advanced age.

In addition to cognitive task performance suffering due to dual-task interference, walking
speed has been found to reduce whilst performing a cognitive task (Theill, Martin,
Schumacher, Bridenbaugh, & Kressig, 2011), along with stride length and individual step
speed variability becoming even more pronounced (de Bruin & Schmidt, 2010). Dual tasking
has also been found to have a large negative impact on falls (Ambrose, ct al, 2013), along
with balance (systematic review by Rufficux, Keller, Lauber, & Taube, 2015; Van lerscl,
Kessels, Bloem, ct al., 2008), especially when the cognitive task rules changed (attention

switching) (Hawkes, Siu, Silsupadol, & Woollacot, 2012).

Hawkes, et al. (2012) conducted a dual-task paradigm with two difficulty levels: auditory
stroop with no rule change, and auditory stroop with a rule change. These results were then
compared to age, balance ability, and performance on an executive function visuo-spatial set
shifting task. Dual task difficultics, i.c. the slowing of reaction times in thc cognitive task,
were found to be poorer when the rules were changed in the cognitive task whilst walking,
especially in those with poorer balance. In addition, dual-task difficulty was related to slower
set shifting reaction times, increasing age, poorer balance and slower timed-up and go times.
The authors suggest that these findings arc as a result of slower attcntional switching between
cognitive and mobility tasks with increasing age, especially when mobility is impaired. In

addition to reduced attentional resources, these results indicate that exceutive function (set

shifting) is involved in reduced balance and gait.
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These studics support the notion that attentional rescrve is rclated to gait, balance, and falls.
However, they also implicate a role of exccutive functions, such as sct shifting in the trail
making test and spatial visualisation in the block design test, and alternatc attentional
capabilities, such as attentional sct shifting and attentional speed. This study investigated the
extent to which cognition and attention could explain walking speed and falls in older adults.
The attentional measures examined in this study were visual attention (section 3.1.2.1) and

within participant variability (section 3.1.2.2).

3.1.2.1 Visual Attention
In addition to a difficulty with divided attention (evident in dual tasking studies, scc 3.1 2.1),

an ever increasing global slowing of processing speed is also found with increasing age as a
result of reduced attentional resources and, as a result, increased demand for such resources
(Salthouse, 1996). Prioritisation and reorganisation of thesc attentional resources occur in
order to provide the same level of performance (Lindenberger, Marsiske, & Baltes, 2000;

Greenwood, 2007).

The uscful field of view test (UFoV; Ball, Owsley, 1992), a measure of visual attention
measures optimal central vision/ processing speed, divided attention, and selective attention
inspection times (see Chapter 2 for more details). Age-related visual attention change has also
been linked to certain aspects of mobility decline. Owsley & McGwin (2004) examined the
role of visual attention (using a composite score of all threc subtests: processing speed,
divided attention, and sclective attention) on mobility. UFOV (composite score) was found to
be significantly related to self-reported mobility difficulties (particularly in balance and gait),
compositc mobility scores (Performance Oricnted Mobility Assessment, POMA composite

mean rated performance score of balance, gait, and sit-to-stand activities), and fear of falling
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(Falls efficacy scorc). When adjusted for age, gender, race, education, medical and visual
conditions, cognitive status, and depressive symptoms, only the POMA mobility compositc
scores remained significantly predicted by UFOV. This compositc mobility performance
score suggests that visual attention may be important in separate balance, gait, and chair risc
performance times. When the UFOV subtests were tested separately, a significant rclationship
was found between divided attention and POMA mobility composite scorc only.

When balance was mecasured separately (using the Nintendo WiiFit Balance test) in a study
by Reed-Jones, Dorgo, Hitchings, & Badar (2012) divided attention was not found to be
related to the balance level achieved and time taken to reach cach level, rather reduced
balance ability was related to the UFOV processing speed subtest only. This could indicate
that different visual attention elements are important for different aspects of mobility. These
findings into visual attention imply that reduced performance on visual attention subtests,
particularly proccssing speed and divided attention, are associated with increased mobility
difficulties and navigation of surroundings. This chapter directly asscssed postural
perturbations, walking speed, chair rises, and falls in relation to visual attention to determine

if visual attention differentially related to different measures of mobility.

3.1.2.2 Cognitive Within Participant Variability
In addition to visual attention, increased within participant variability in reaction timcs across

trials, i.c. reaction time changeability, (Bunce, MacDonald, & Hultsch, 2004) found with age
may also be related to mobility difficulties and falls. In a study by Bunce, Anstcy, Christensen,
Dear, Wen, & Sachdev (2007) 469 older adults aged 60-64 years took part in a variety of
cognitive tests including a simple reaction time, choice reaction time, backward digit span,
memory (California verbal learning test and a delayed recall trial), word knowledge (spot the
word test), and global cognition (Mini Mental State Examination) and mcasured white matter

hyperintensitics by mcasuring white matter lesions using magnctic resonance imaging (MRI).
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Within participant variability was derived from the average deviations of the simplc and
choice reaction time tests. White matter hyperintensitics were associated with increased
reaction time within participant variability in older adults, but not the other measures of
cognitive function. As white matter hyperintensities have previously been linked to mobility
(Novak, Haertle, Zhao, ct al., 2009), it could be suggested that within participant variability

could also be associated with mobility difficulties with increasing age.

In support of this notion, increased within participant variability has also becn found in older
fallers compared with older non-fallers. Hausdorff, Doniger, Springer, ct al. (2006) found
similarities between fallers and participants with Parkinson’s discasc across cognitive tasks
(Neurotrax Mindstreams cognitive battery), however, fallers were found to be more crratic in
their reaction times (i.c. more variable within participant variability). The authors supposc
that thesc crratic reaction times may be due to a unique cognitive processing deficit
(Hausdorff, et al., 2006). Bunce, Barrowclough, & Morris (1996) belicves that changeable
reaction times are due to these older adults having larger vigilance/monitoring gaps and

unusually slow reaction times.

As falls were linked to within participant vigilance variability, and falls have been linked to
mobility difficulties (sce 3.1.1) it could also be supposed that within participant variability
affects mobility. In a systematic review by Graveson, Bauermeister, McKeown, & Bunce
(2015), it was found that out of all the papers sampled, falls in older adults werc related to
within participant variability cvery time without fail. The rclationship between within
participant variability and walking specd, on the other hand, demonstrated a significant
predictive relationship in only two out of the total of four relevant papers sampled. However,

the authors speculate that the inconsistencics in studics could be as a result of differing
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sample sizes, and also as a result of the way that within participant variability was calculated.
The papers that did not yield significant results used a raw standard deviation score as
opposed to a more sophisticated cocfficient of variance score (removing the confounding
influence of the mean from the standard deviation). What is cvident in this review is that
limited published research has been conducted into within participant variability and mobility.
This study determined the extent to which within participant variability can contribute to

walking speed and falls using the more sophisticated coefficient of variance score method.

3.1.3 Executive Functions linked to Mobility Difficulties and Falls in Older Adults
Exccutive functions (EFs) decrease with increasing age (Herman, Mirclman, Giladi,

Schweiger, & Hausdorff, 2010) and there has been evidence linking EFs with changes in
mobility function. In a review by Yogev-Seligmann, Hausdorff, & Giladi (2007) it is
suggested that updating (or response monitoring) could be an important factor in navigating
everyday cnvironments as without it, and without it intcracting with other arcas/functions,
one would not be able to stop if needed, turn, or modify speed with the presence of an
oncoming obstacle. Updating (in this case, working memory) has previously been linked to
slower walking specd and worsened dual-task performance (Theill, Martin, Schumacher,
Bridenbaugh, & Kressig, 2011). In addition, Yogev-Seligmann et al. (2007) speculate that
updating could also be linked to increased fall risk. However, little rescarch has been
conducted into the role of updating in relation to falls. This study directly assessed the
predictive relationship between falls and updating, and he extent to which updating can

explain walking speed once other mobility and cognitive measurcs have been accounted for.

There has also been evidence for the role of response inhibition and set shifting (changing
focus) in successful mobility performance (Liu-Ambrosc, Katarynych, Ashe, ct al., 2009).
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Liu-Ambrosc, et al. (2009) uncovered a relationship between sct shifting (Plus-minus task),
responsc inhibition (Stroop test), and poor balance performance in both single and dual task
walking tests. Sct shifting ability (mcasured using trail making task) was also rclated to a
slowing of walking spced in older adults (Soumare, Tavernicr, Alpérovitch, ct al., 2009).
Participants with a recent history of falls performed morc poorly than non-fallers on measures
of Stroop and Go-No Go tests (both measures of response inhibition). In addition, deficits in
these mecasurcs were related to walking swing time variability. This was cxaccrbated in a dual
task scenario (Springer, Giladi, Peretz, et al., 2006). However, it 1s unclcar how much of
walking speed and falls can be explained by set shifting and inhibition oncc attentional
measures, mobility, and start-up delay have been accounted for. This chaptcr examined the
extent to which executive functions such as inhibition and set shifting cam predict walking

speed changes and falls in older adults.

Planning ability, such as that measured by the Tower of London task (Shallicc, 1982) is
another executive function that may affect mobility, falls, and unsafe crossing behaviour.
However, as identified in Chapter 1, there has been little research into the role of spatial
ability (i.c., spatial planning and spatial working memory) in relation to mobility, such as
walking speed and falls. This is despite previous research uncovering rclationships between
spatial planning sub-processes such as visuo-spatial set shifting with walking speed (Hawkes,
Siu, Silsupadol, & Woollacott 2011), and spatial mental rotation ability with balance ability
(Jansen & Kaltner, 2014).In addition, freczing of gait in Parkinson’s disecase has been found
to be related to spatial planning ability (Ferrari, Lagravinese, Pelosin ct al., 2015). Further,
with both long and short term spatial memory deficits (working memory capacity for working
cues) being found with increasing age (Piccardi, laria, Bianchini, Zompanti, & Guariglia,

2011), and other measures linked to mobility such as visual attention (Anstey, Horswill,
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Wood, & Hatherly, 2012), it could be inferred that spatial working memory may also have an
impact on successful mobility. This chapter dircetly assessed the role of spatial planning and

spatial working memory on walking speed and falls.

The hypotheses that were tested were:

1) Better performance in mobility, start-up delay, and cognitive function will be correlated

with faster walking speed and fewer previous falls

2) Cognitive function (specifically executive functions and within participant variability),

mobility and start-up delay will have a strong linear relationship with walking speed

3) Cognitive function (specifically executive functions and within participant variability),

mobility and start-up delay will have a strong linear relationship with previous falls
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3.2 Method

3.2.1 Participant Sample

Participant data collected in Study 1 (Chapter 2) was uscd. Further analysis was conducted
using this data in order to detcrmine predictors of walking spced and previous falls. The
participant that was cxcluded from Chapter 2 duc being unable to complete the pedestrian
simulator task was included in this study. The participant sample therefore consisted of 104
participants aged 45-88 years, and 63.8% of thosc sampled were female. Out of this samplc
21.9% of participants had cxpericnced a fall within the previous 12 months. Of those who did
have falls within this time frame, 11.4% had 1 fall, and 9.7% had between 2-6 falls. 5 pcople
did not complcte the perturbation task due to spinal problems and/or were unablc to stand
independently of a walking aid, and 1 did not complete the pedestrian simulator task. 1
participant did not take part in the visual attention tests, 1 participant did not complcte the
spatial working memory task (spatial span test), and a further participant did not complete sct
shifting (affective go-no go test). Missing values within the stepwise regression analysis were

replaced with mean values (Rubin, 2004).

3.2.2 Tasks and Variables
The numbers of previous falls within the previous year were taken from the demographic

questionnaire (sec 2.2.6.1). Those who had fallen were classed as fallers, whercas those who
had not fallen were classed as non-fallers. Mobility measures were used as both dependent
and predictive variables within this chapter. To test the pedestrian mobility corrclates from
Chapter 2, the following mobility measures were used: walking speed (7 metre walkway
measured m/s, sce 2.2.6.1), self-rated mobility score (including presence of physical
problems that could affect walking, ability to use stairs, walk quarter mile, sec 2.2.6.1 and

Appendix 1 for dctails), sit-to-stand times (5 timed chair riscs, see 2.2.6.2), and perturbation
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average and cocfficient of variance (postural sway task mcasuring recovery when balance
perturbed, sec 2.2.6.2). In addition to mobility, visual attention and cognition were used as
predictive variables within this chapter. Visual attention (processing speed, divided attention
inspection time, and sclective attention inspection time) using the Uscful Ficld of View (sce
2.2.6.3), and executive function measures using Cambridge Neuropsychological Automated
Testing Battery (CANTAB®) battery (spatial planning, spatial working memory, inhibition,
updating, sct-shifting, choice rcaction time, and choice rcaction time cocfficient of variancc)
(see 2.2.6.3) werc also uscd to examine the impact of cognition and visual attention on

Chapter 2 pedestrian mobility correlates.

3.2.3 Plan of Analyses
To examine Hypothesis 1 (Better performance in mobility, start-up delay, and cognitive

function will be correlated with faster walking speed and fewer previous falls), partial
correlations were conducted, controlling for age and gender. Age and gender was controlled
for as previous research have found a relationship between age and gender with mobility such
as walking speed, chair rising speed, balance, and taking the stairs (Butler, Menant,

Tiedemann, & Lord, 2009) and falls (O’Halloran, Pénard, Galli, et al. (2011).

A stepwise regression was conducted to test Hypothesis 2 (Cognitive, mobility and start-up
delay will havc a strong lincar relationship with walking speed), and a stepwisc logistic
regression was used to test Hypothesis 3 (Cognitive function, mobility and start-up dclay will
have a strong linear relationship with previous falls). The following variables werc entercd
into the stepwisc regressions: age, gender, walking speed, self-rated mobility score, sit-to-

stand times, perturbation average (transformed), perturbation coefficient of variance
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(transformed), start-up dclay average, start-up delay coefficient of variance, processing speed
(transformed), divided attention (transformed), seleetive attention, updating, spatial planning,
spatial working memory, inhibition, sct-shifting (transformed), reaction time (transformed)

and cognitive within participant variability (transformed).

3.3 Results

3.3.1 Hypothesis 1- Better performance in mobility, start-up delay, and cognitive
function will be correlated with faster walking speed and fewer previous falls

Age (r = -.347, p<.001) but not gender (r = -.090, p>.05) was found to be related to walking
speed, with increasing age being linked to a slowing of walking speed. Previous falls was not
significantly related to either age or gender: r =.053, p>.05 and r = .092, p>.05 respectively.
As age was found to be related to walking speed, a partial correlation was conducted
controlling for age to examine the above hypothesis. As illustrated in Table 7, reduced
walking speed was negatively correlated with increased sclf-rated mobility score, slower sit-
to-stand times, and increased perturbation average, indicating a rolc of frailty and balance. In
addition to mobility, reduced walking speed was also related to visual attention (sclective
attention), longer reaction time, and increased start-up delay. A within participant variability
was also marginally related to walking speed (p=.068) (Tablc 7). Similarly to walking speed,
a significant positive relationship was also found between previous falls and sit-to-stand
times (Tablc 7), and a marginal rclationship with perturbation average (p=.065). Further,
previous falls were also related to reduced walking speed (Tablc 7). However, start-up delay
was not significant. These results partially support the above hypothesis as mobility and
cognition was related to walking speed, but only mobility was related to previous falls once

age was accounted for. Only walking spced was related to start-up delay.
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3.3.2 Hypothesis 2- Cognitive function (specifically executive functions and within
participant variability), mobility and start-up delay will have a strong linear
relationship with walking speed

A stepwise regression was conducted to predict walking speed (Chapter 2 pedestrian
predictor). The steps and order of entry produced by the stepwisc regression can be scen in
Table 8. The whole model consisting of mobility, start-up delay, and cognition was found to
be significant (F (4, 97) =27.535, p<.001) and predictcd 53.2% (Tablc 8) of walking spced
variance. All four steps were significant step changes: Model 1 mobility 1 (F (1, 100)
=46.888, p<.001); Model 2 start-up delay (F (1, 99) =23.845, p <.001); Modcl 3 mobility 2
(F (1, 98)=10.422, p=.002); Model 4 cognition (F (1, 97) =5.722, p =.019). Model 1 alonc
contributed 31.9% of the variance in walking speed, whereas start up delay, sit-to-stand, and
within participant variability contributed an additional 13.2%, 5.3% and 2.8% respectively. In
summary, walking speed is strongly predicted by mobility (particularly mobility score and

sit-to-stand), start-up delay, and cognition (within participant variability).

Table 8- Predictive Contribution of each Step in explaining Walking Speed variance

Model Variable R2 ~R? Beta Sig.

1 Mobility 1 Mobility Score 319%* 310 - 565%* <.001

2 Start-up Delay Mobility Score ASPEE 132%%* - 415%* <.001
Start-up Delay Ave. -.393%* <.001

3 Mobility 2 Mobility Score 504** 053** -.324%%* <.001
Start-up Delay Ave. -335%* <.001
Sit-to-Stand -261%* .002

4 Cognition Mobility Score 532%* .028%* -.298%* <.001
Start-up Delay Ave. -.356’f"lk <.00!
Sit-to-Stand —.239?“* .003
Within Participant -.170* .019
Variability

*= Significant at .05 level **=Significant at .01 level Ave=average ~ R*= R? change



3.3.3 Hypothesis 3- Cognitive function (specifically executive functions and within
participant variability), mobility and start-up delay will have a strong linear
relationship with previous falls

A stepwisc logistic regression was performed to assess the impact of mobility and cognition
on the likelihood that participants would report a fall. The stepwise regression produced can
be found in Table 9. The full model containing the two predictors (sct shifting and
perturbation average) was not significant (y? (8) =4.494, p=.810) in distinguishing between
fallers and non-fallers. The model as a whole explained between 9.0% (Cox & Snell R
squarc) and 13.9% (Nagelkerke R squarc) of fall variance (Table 9), and correctly classified
78.4% of cases (both fallers and non-fallers). As shown in Table 9 sct shifting was a
consistent independent predictor even when perturbation average was entercd to the model.
Perturbation average was also found to marginally significant predictor of fall history. The
odds ratio for sct shifting was 7.161 (Table 9) (with a 95% confidence range of 1.637-
88.805), indicating that for every increase in set shifting commissions, participants were
7.161 times more likely to fall. In addition, with every increase in perturbation average,
participants were 12.058 times more likely to fall (95% confidence range of .952-53.878).
These results partially support the above hypothesis as although the model was not found to
be significant, cognition (set shifting) and mobility (perturbation) were found to be important

in explaining fall variance.

Table 9- Predictive Contribution of each Step in explaining Fall variance

Variable R? Wald Sig. Exp (B)
0 Baseline 28.758 <.001 275
I Cognition Set Shifting 056-.087 5219 022 9.916
2 Mobility Set Shifting .090-.139 3.656 056 7.161
Perturbation Average 5.973 .015 12.058

*= Significant at .05 level **=Significant at .01 level Ave= Average
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3.4 Discussion
The purposc of this study was to compare the impact of cognitive ability, mobility function,

and start-up delay on walking specd (pedestrian predictor in Chapter 2) and falls.

In support of the chapter predictions, walking speed was found to be significantly predicted
by mobility decline (self-reported mobility score and sit-to-stand times), start-up delay, and
cognition (within participant variability). These results are in line with previous rescarch
linking walking speed to differing mobility abilities (Vasunilashorn, Coppin, Patel, ct al.,
2009), and start-up delay (Holland & Hill, 2010). In addition, as walking speed was predicted
by self-reported mobility score, it may mean that older adults arc awarc of physical changes,
and thus could be useful in reaching the target population. The review by Graveson,
Baucrmeister, McKeown, & Bunce (2015) suggested that some of the inconsistent
relationships between walking speed and within participant variability may have been as a
result of some studies using crude raw standard deviation scores, whereas others uscd a more
sophisticated coefficient of variance method. This study used the cocfficient of variance
method and produced both a significant correlated relationship and a predictive relationship

between walking speed and within participant variability.

However, start-up delay was found to predict walking speed in Chapter 2, and these results
indicate that walking speed is also predicted by start-up delay. These circular findings raise
the question of which occurs first, slowed walking speed or start-up delay. Future rescarch

may benefit from examining whether it may be possible that pcople have a slowed/changed

initiation prior to a change in walking speed as this could have an impact on walking speed

prediction and rchabilitation.
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On the other hand, a significant predictive model for falls was not found. Within the model,
however, sct shifting and perturbation were found to be significant independent predictors.
These indcpendent predictors arc consistent with previous rescarch linking sct shifting
(Soumarc, Tavernicr, Alpérovitch, et al., 2009) and balancc (Ambrosc, Paul, & Hausdorff,
2013) with falls. However, in contrast with the review by Graveson, Baucrmeister,
McKcown, & Bunce (2015), falls was not found to be correlated with or predicted by within
participant variability. This may suggest that set shifting ability is a more salicnt factor in the
occurrence of falls, or that an additional demographic variable within the participant samplc
has not becn identified and controlled for. These results suggest that with increasing age, it is
difficult to remove attention from one task to a more pressing second task, such as regaining
one’s balance, and that this may result in a fall. However, as previous falls were not
significantly predicted by mobility and cognition it could be suggested that there are more
factors at play in fall predictions that have not been considered. These may be due to
population factors that were not accredited or accounted for, or simply that in linc with
population statistics only a third of the cohort had experienced a fall within the previous year.
Future research could sample participants in relation to their falling status and record morc
demographic information in addition to walking speed and cognitive changes to sec if this

does indeed increase the model predictive value.

Visual attention was not found to be predictive of either walking speed or falls history in
contrast with Owsley & McGwin (2004). However, a significant correlation was found
between walking speed and selective attention, rather than divided attention formerly found
by Owsley & McGwin (2004) with composite mobility scorcs. Also, spatial ability (spatial

planning and spatial working memory) was not found to be corrclated with or predictive of
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either walking speed or falls, suggesting that spatial planning and working memory is not

necessary in maintaining walking speed or preventing falls.

In summary, walking speed was linked to increasing frailty (mobility difficultics and sit-to-
stand times), motor initiation, and within participant variability, whereas falls were partially
predicted by balance and attentional set shifting ability. Futurc rescarch could benefit from
investigating additional demographic variables in conjunction with postural sway and sct
shifting ability in an attempt to produce a predictive model of falls risk. In addition, the
effectivencss of training intcrventions for walking speed in relation to increascd lower
extremity strength, motor initiation, and within participant variability. To date it has been
found that lower extremity strength/resistance training alone can have limited effect on
improving walking speed, rather a combination of resistance training with other types of
interventions such as coordination training can have a better chances of improvement (review
by Hortobagyi, Lesinski, Gébler et al., 2015). It has been found to be possible to train start-up
delay in children using a computer-simulated traffic environment (Thomson, Tolmic, Foot, ¢t
al., 2005) and so may be possible to implement in older adults. To the best of the authors
knowledge, interventions for within participant variability has not been yet been published.
However, as within participant variability has previously been linked to changes in perceptual
speed, working memory, episodic memory, and crystallised abilitics (vocabulary and world
knowlcdge). It has also been found to be a strong predictor of cognitive performance with
advancing age (Hultsch, MacDonald, & Dixon, 2002), it could be theorised that training in

these measures may improve within participant variability and thus walking spced.
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4 Does Beta Power Change Influence Motor Initiation and Crossing Ability with Age?

Objective

This chapter examined whether changes in age-related cortical oscillatory neural beta (15-35
Hz) power is linked to mobility in real world scenarios, i.e. unsafe pedestrian behaviour in

older adults.
Methods

11 participants aged 46-84 years were recruited from Study 1 (Chapter 2). A computcrised
road crossing game “frogger” was completed within a Magnetoencephalography scanner.
Motor cortex beta power pre-, and post-movement in both hemispheres were examined in
relation to ‘frogger’ and Chapter 2 pedestrian performance, and Chapter 2 pedestrian

predictors: start-up delay, walking speed, spatial planning, and processing speed.
Results and Conclusion

Elevated post-movement beta power and hemispheric bilaterality was found in participants
who made ‘frogger crossing’ errors. Hemispheric bilaterality was also found in older adults,
and participants with slower processing speed. On the other hand, hemispheric laterality was
found for those making more far-side unsafe crossing errors, slower walkers, and more
variable start-up delays. These preliminary findings suggest that age-related beta power and
hemispheric changes may underlie unsafe crossings, and that different beta power patterns
are present for near-side crossing errors and related predictor processing speed compared
with far-side crossing errors and Chapter 2 predictors walking speed and start-up delay

variability.
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4.1 Introduction

The brain’s structure changes with increasing age. Such changes include reduced grey matter
volume in areas such as the temporal and frontal lobes (including the motor cortex) shrink
(Greenwood, 2007). In addition, changes occur in terms of increcased ventricle and cortical
sulei size in the frontal lobes (which includes the motor cortex), and cerebrum (Van Petten,
Plantc, Davidson, et al., 2004). Thesc areas of the brain arc involved in various aspects of
mobility such as gait, and executive function such as visuospatial attention and processing
speed (Rosano, Aizenstein, Brach, ct al., 2008). In addition, incrcasing whitc matter
hyperintensitics with increased age impacts on various aspects of cognition (Perry,
McDonald, Hagler, ct al., 2009), executive functions (Van Petten, ct al, 2004), and mobility,
such as gait and balance (Novak, Haertle, Zhao, et al., 2009). Sec Chapter 1 for a review on
changes in brain structure and function with increased age. This chapter specifically focused

on motor cortcx activity.

Age-related changes have been previously associated with various aspects of mobility
including slower walking speeds, and increased start-up delay, along with real-life
applications such as pedestrian behaviour (Holland & Hill, 2010). Age-rclated movement
changes have also been observed in the motor cortex, with increased beta power oscillations
(15-30 Hz; Baker, Olivier, & Lemon, 1997) and hemispheric beta asymmetry being observed
whilst performing movement, such as hand and finger movements (Hall, Stanford, Yamawaki,
etal, 2011) and in pathological disorders, such as Parkinson’s discase (Hall, Prokic, Mc

Allister, et al, 2014; Heinrichs-Graham, Wilson, Santamaria, ct al., 2013).
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Chapter 2 was able to explain 49.4% of near-side, and 54.8% of far-sidc unsafe crossing
decisions. Although significant modcls were produced, this still lcaves approximatcly half of
unsafc crossing crror variance unexplained. It has been hypothesised that unsafec crossing
errors at the far-side of the road (traffic arriving from the left visual field) in older adults may
be partially as a result of hemispheric lateralisation (attentional resource sharing) with
increasing age (Foerch & Steinmetz, 2009). Also, as maladaptive changes in beta power has
been linked to Parkinson’s discase (Hall, et al, 2014; Heinrichs-Graham, ct al., 2013) and
Parkinson’s discase has previously been linked to unsafe crossing decisions (Lin, Ou, Wu, &
Liu, 2013), agc-related oscillatory beta power changes may also be related to unsafe
pedestrian crossings in older adults. However, currently rescarch has not yct been conducted
to examine the potential presence of such biological indicators in older individuals at risk of

unsafc pedestrian crossing behaviour.

Previous literature has recorded changes in beta power pre-movement (i.c. higher resting beta
power) and post-movement (i.e. lower rebound beta power) in activities such as mobility
(section 4.1.1), and cognition (section 4.1.3). As walking speed, start-up dclay, spatial
planning and processing speed werc all found to be highly predictive of unsafc pedestrian
behaviour in Chapter 2, this chapter predicted that unsafe crossing behaviour may produce
similar beta power and hemispheric patterns (i.c. using both hemispheres) to individuals with
movement and cognitive pathologies. This chapter uscd the mobility and cognitive pedestrian
predictors outlined in Chapter 2 (walking speed, start-up delay, start-up delay coefficient of
variance, processing speed and spatial planning), and simulatcd pedestrian behaviour (far-

. . S
side unsafe crossing crrors from Chapter 2, and a computeriscd one-lanc crossing Frogger

task’ (scc 4.5.7.2).
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4.1.1 Healthy beta power and brain oscillations with movement
The primary motor cortex produces continual neuronal oscillations in the beta (15-30Hz)

range at rest (Baker, Olivicr, & Lemon, 1997). In healthy young to middlc aged adults, beta,
and mu (8-14 Hz) power bilaterally reduces prior to a movement being made (Gactz,
MacDonald, Cheyne, & Snead, 2010), referred to as cvent related desynchronisation (ERD)
(Pfurtscheller & Berghold, 1989). After the movement has been completed, there is an
increase in beta power whereby beta power excceds pre-movement resting beta power levels,
otherwise known as a post movement beta rebound (PMBR) (Jurkiewicz, Gactz, Bostan, &
Cheyne, 2006). The opposite pattern occurs for gamma oscillations whercby the gamma
powecr increases prior to movement initiation and decreases post movement (Gactz ct al,
2010). Gamma activity has been found to reduce in power for subsequent movements
compared to the initial movement (Muthukumaraswamy, 2010; Muthukumaraswamy, 2011).
Some between participant variability can be found in the time and power patterns presented
during movement initiation and termination, however, within participant performance in
healthy younger adults (adults aged 21-47 years) is relatively consistent (Cheyne, Bells,

Ferrari, Gaetz, & Bostan, 2008).

The planning ERD stage of movement healthy younger adults starts approximately 2 seconds
before movement execution. The ERD and the accompanying PMBR mainly takes place
contralaterally (to the dominant hemisphere), whereas the beta power activity prior to
movement occurs bilaterally in the brain. This pattern can be found in both internally and
externally paced finger, and wrist movements (Pfurtscheller, Stancék, & Neuper, 1996;
Pfurtscheller, Stancak, & Edlinger, 1997). In both brisk and slow finger tapping, the
dominant hand showed greater PMBR contralaterally, whercas the less dominant hand

recruits a slightly more bilateral approach. Beta ERD prior to movement remained fairly
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similar in both those using their dominant and non-dominant hand (Stancak, & Pfurtscheller,

1996).

A different pattern to the above beta power patterns in motor initiation is found PMBR when
forcibly, as opposcd to voluntarily, terminating movement. Using EEG, younger adults (26-
34 year olds) completed a variation of the Go No-Go task (inhibition task whereby a speeific
stimulus, in this casc an audible tone, indicates when to stop a given action). Participants
were required to write their signature at the sound of the first tone, if a second tone occurred
(50% probability) they had to cease writing. The results showed that in the go condition,
ERD lasted until the movement had naturally finished. ERD was followed by an earlier and
increascd PMBR power compared to the No-Go condition. When the movement was forcibly
stopped (the No-Go stimulus was presented), there was a significantly reduced PMBR
compared to if they were allowed to finish writing their signature. The authors suggest that
beta rebound post movement is a separate process independent of ERD. In addition, PMBR
depends on how a movement concludes (Alegre, Alvarez-Gerriko, Valencia, Iriarte, &

Articda, 2008).

With increasing age, in addition to structural changes (1.6, Chapterl), differences in
oscillatory patterns in the brain can also be found in healthy older adults. Oscillatory changcs,
such as higher resting beta power and high ERD, have been found to be a result of
maladaptive GABAergic inhibition (Hall, ct al, 201 1). Changes such as higher contralateral
resting beta power and higher ipsilateral ERD may contribute towards difficulty and
neuroplastic variability in movement in older age (Rossiter, Davis, Clark, Boudrias, & Ward,

2014).
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4.1.2 Age effects on beta power and brain oscillations with movement
Age differences in scnsorimotor oscillations can be found during motor initiation. Rossiter, ct

al. (2014) cxplored beta power activity (using MEG) during rest and movement using a force
grip task in 22-82 ycar olds. The maximum force was first recorded and then several foree
levels were producced from this. Participants were then to match the same amount of grip
strength with a visually cued foree ‘thermometer” on the screen. Although age differences
were not found in grip strength or the offline behavioural motor tasks such as the Ninc Hole
Peg test (finc motor task measuring speed taken to position nine pegs into slots into a wooden
block), and the Box and Blocks test (mcasure of gross motor movement), that is motor score
were variable throughout the sample, differences were found for beta power. Imaging results
for grip response showed that at rest, a significant positive correlation was found between
beta resting power (but not beta frequency) and age in both contralateral and ipsilatcral
hemispheres (i.e. increased age produced increased beta resting power). When movement was
initiated using the force thermometer, age was significantly positively corrclated with
increased beta power during desynchronisation, and reduced frequency of beta power.
Activation in the ipsilateral hemisphere increased with increasing age, demonstrating more
hemispheric symmetry with increasing age (Rossiter, ct al., 2014). The authors suggest that
this increased hemispheric symmetry may be a biological marker of plasticity in older adults.
Alternatively, this changc in distinct hemispheric beta power activity may bc as a result of the
development of additional ncural connections over the lifespan, otherwise known as
scaffolding, in order to compensate and maintain cognitive function (Park & Reuter-Lorenz,
2009). Similarly to Rossiter, et al. (2014), this chapter used a grip strength force transducer as
a mcthod of specifically testing beta power changes in the motor cortex. This method was

able to identify subtle oscillatory changes that had not yet translated into behavioural motor

tasks (Rossiter, ct al., 2014).
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Age-related changes arc also present when movement is halted, cither voluntarily or
suddenly. In a study by Labyt, Szurhaj, Bourricz, et al., (2004), it was found that when
performing brisk finger cxtensions within an electroencephalography machine (EEG), older
adults demonstrated a higher contralateral beta desynchronisation prior to movement and a
decreased post-movement beta rebound power once movement had been terminated
compared to younger adults. Further, older adults displayed increased pre-and post-
movement beta power in the ipsilateral hemisphere compared to younger adults, suggesting
that there may be increasing hemispheric bilaterality with increasing age to perform similarly

in the task and compensate for age-related structural changes.

In support of increasing hemispheric bilaterality and compensation, Berchiccei, Lucci, Pesce,
Spinclli, & Russo (2012) found that in both simple finger tapping reaction speed tasks, and in
a more complex discrimination response task (or a sclective inhibition task), older adults
showed a prefrontal hyperactivity (recorded as an EEG event-related potential) during motor
planning (motor response generation prior to stimulus) rather than the stimulus processing
stage (stimulus response generation). Older adults also tended to slow their response times to
maintain inhibition task accuracy. Interestingly, middle aged (mean age=49 ycars)
participants displayed similar rcaction speeds to the younger adults (mean age=23.4 ycars),
but the prefrontal hyperactivity of the older adults (mean age=70 years), suggesting neural

compensation starting from middle age.

Further, bilateral cmployment with increasing age was found by Zimmerman, Heise, Gerloff,
Cohen, & Hummel (2014) who found that when older adults (aged 58-85 years) received

electrical interference to the ipsilateral motor cortex during their motor practicing of a
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unimanual finger tapping sequence, they were more affected by this than their younger
counterparts (aged 22-35 ycars). Previous theorists, such as Cabeza (2002), claim that
increasing hemispheric symmetry with increasing age is needed in order to perform similarly
to younger adults in the same task. Changes in hemispheric bilaterality during movement (in
this casc, unilateral and bilateral finger abductions) can be scen as carly as middle age (mcan
aged 50 ycars) compared to younger adults (mcan age 24 years) (Hectkamp, Hortobagyi, &

Zijdewind, 2014).

Parkinson’s discasc has previously been linked to clevated beta desynchronisation, reduced
post-movement beta rebound, and increased used of the ipsilateral hemisphere compared to
healthy age matched controls. Use of medication such as Zolpidem has been found reduce
Parkinson’s symptoms, reduce pre-movement beta desynchronisation and increase
hemispheric bilaterality (Hall, et al, 2014). These results suggest that too high a beta
desynchronisation, too low a beta rebound power may be indicative of increasing mobility

difficulty, and increasing hemispheric bilaterality may ease the symptoms..

To summarisc, starting from middle age, healthy adults with little movement difficulty begin
to demonstrate increased resting and desynchronised beta power prior to movement, and
lower beta rebound post movement compared to younger adults, but not as pronounced as
adults with Parkinson’s discase and similar movement pathologies. In addition, older adults
with worsc performance in pedestrian judgments, mobility, and cognition would recruit
increased resources from the ipsilateral hemisphere (evident with incrcased beta asymmetry)
which would indicate that thesc movement problems are centrally based as opposed to

peripheral muscle weakness or other non central nervous system based frailty issucs. It could
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be hypothesiscd that these patterns could be found in older adults demonstrating difficultics
in real world mobility, i.c. making pedestrian crossing crrors, particularly as Chapter 2
determined that pedestrian behaviour can be predicted by walking speed (gross mobility) and
difficultics in motor initiation (start-up delay). This chapter determined whether thesce
differences in movement-related beta power with increasing age could be found in real world

mobility, i.c. pedestrian crossing.

4.1.3 Links to Cognition and Crossing Ability
In support of the potential role of maladaptive beta power activity in pedestrian safcty, a

study by Lin, Ou, Wu, & Liu (2013) compared participants with controllcd Parkinson’s
diseasc (controlled by medication) with age matched healthy controls in a serics of cognitive
measurcs and a seated pedestrian simulated crossing task. Those with Parkinson’s disease,
albeit with controlled symptoms, demonstrated higher numbers of pedestrian crrors compared
to healthy controls. Road crossing performance with participants with Parkinson’s discasc
could be predicted by visual-spatial function (clock drawing test), and visual form
discrimination abilities but not executive function (trail making test). Visual attention (Uscful
Field of View; UFOV) was also found to increase risk of reduced road crossing performance
in individuals with Parkinson’s discase but not the healthy matchcd controls. In addition, car
specd, car distance, and time of day also affected participants with Parkinson’s discasc morc
so than hcalthy controls. This study implies that increased neurological differences prescnted
in Parkinson’s disease, cven when physical difficulties have been moderated, arc linked to
spatial perception (car speed and distance judgements), visual attention, and unsafe crossing
behaviour. As Parkinson’s discasc has previously been linked to maladaptive pre- and post-

movement beta power activity (Hall, et al, 2014), and Chaptcr 2 found that proccssing speed

103



and spatial planning abilities arc predictive of unsafe pedestrian crossings, it could be inferred

that beta power activity could have an impact on pedestrian safety.

Previous literature has found mcreased hemispheric symmetry (mainly measured using
Positron Emission Tomography; PET, and Magnetic Resonance Imaging; MRI scanners) in
older adults when taking part in cognitive tasks such as cpisodic and semantic memory,
working memory, inhibition (go/no-go task), and visual perception. In contrast, younger
adults do not recruit both hemispheres in order to complete such tasks (sec Cabeza, 2002 for
full review). This suggests that similarly to motor initiation and termination, older adults
requirc additional attentional resources in order to produce similar cognitive results to
younger adults. Chapter 2 found that along with mobility and start-up dclay, cognitive
functions (namely processing speed and spatial planning) were predictive of unsafe crossing
decisions in older adults. These results could indicate that individuals that are making morce
unsafe pedestrian errors may have reduced attentional resources available and may recruit

both hemispheres in order to perform cognitively demanding tasks such as crossing the road.

Foerch & Steinmetz (2009) hypothesised that age-rclated neuronal and functional change,
particularly in the right hemisphere, may affect the processing of the left half of their
environment. In line with literature regarding increased attentional compensation and
neuronal recruitment with increasing age (sce Greenwood, 2007), it may be speculated that
this hemispheric lateralisation found with increasing age cquates to difficultics in attending to
the left hand side of the road (i.c. the UK far-side of the road), thus contributing to cxplaining
the high number of far-side pedestrian and driver incidents. The author rccommends further

research into lanc specific pedestrian incidents and hemispheric laterality in older adults.
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This chapter examined whether, increased hemispheric bilaterality, clevated beta pre-
movement and reduced post-movement beta rebound could present a biological indicator for
unsafe pedestrian crossings. As gross movements, particularly road crossings, cannot casily
be conducted within imaging studies, a modified computer basced version of “Frogger”
crossing task was uscd (using Presentation software) to investigate the underlying neural
processcs taking place whilst ‘crossing’ the road. Frogger, a gamc which aims to aid a frog
safely across onc or more lancs of ‘traffic’, has been successfully utilised in age-related
computer training research, as mentioned in reviews by Zelinski & Reyes (2009), & Kueider,
Parisi, Gross, & Rebok (2012). A simplified version of this game was uscd with onc-lanc of
‘traffic’ for the frog to ‘cross’ in order to reduce confounding variables and provide a

sufficient time window to collect pre-and post-movement beta power activity.

“Virtual electrode’ beamformer spectrograms werc used so as to measurc beta power
specifically within the motor cortex, and recorded beta power activity at three time points:
during resting state, during movement initiation, and post movement (Hall, et al, 2014;
McAllister, Rénnqvist, Stanford, Woodhall, Furlong, & Hall, 2013). An opportunity samplc
was reeruited from the Chapter 2 study and the age range started from middlc agc as this has
been found to be when age-rclated beta power and hemispheric recruitment changes arc

likcly to begin (Heetkamp, Hortobagyi, & Zijdewind, 2014).
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The hypotheses that were tested were:

1) There will be higher preparatory beta power, reduced beta rebound and lower beta

asymmetry in older adults compared to younger adults;

2) There will be higher preparatory beta power, reduced beta rebound and lower beta

asymmetry in people making more pedestrian judgement crrors than those making fewer

3) There will be higher preparatory beta power, reduced beta rebound and lower beta

asymmetry in people with slower mean start-up delay

4) There will be higher preparatory beta power, reduced beta rebound and lower beta

asymmetry in pcople with slower walking speed

5) There will be higher preparatory beta power, reduced beta rebound and lower beta
asymmetry in people with slower processing speed and lower spatial planning

performance
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4.2 Methods

4.2.1 Aim
To explore predictive relationships between age-related changes in cortical oscillatory neural

beta power activity and mobility skills in older adults.

4.2.2 Design

A between participant design was used whereby the predictive variables used werc age,
unsafc pedcestrian behaviour (far-side unsafe crossing error data collected in Study 1 Chapter
2, and a computerised one-lane crossing ‘Frogger task’ (see 4.2.6.1) and pedestrian predictor
data collected in Study 1 Chapter 2 (walking speed, start-up delay, start-up delay cocfficient
of variance, processing spced, and spatial planning, see 4.2.6.2).The outcome measures were
the difference ratios between mean rest and pre- movement desynchronisation (pre-
movement), and between mean desynchronisation and post- movement motor rcbound (post-
movement). These variables were measured in the motor cortex, both contralatcrally and

ipsilaterally.

4.2.3 Participant Recruitment and Demographics

The participants for the brain imaging study were volunteers from Study 1. Participants from
the Study 1 sample were contacted via post, or email so as to include all the information
(about the study, the equipment, and the health and safety guidclines; Appendix 3) to allow
for an informed decision. Originally participants were going to be sampled based on the best
and worst mobility performers from Chapter 2. However, due to a low responsc, an

opportunity sampling method was uscd instead. Participants were reimbursed for travel
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expenscs. Out of the 17 participants who responded, only 11 mct the health and safety
guidelines for brain imaging studics to be included (Appendix 3). The exclusion guidelines
included: the presence of pacemakers, valve or cochlcar implants, surgical clips, stents,
implanted mectal, hearing aids, non-approved metal dental work, cxposurc to mctal debris
(through work, recreation, or injury), pregnant, history of cpilepsy, heart discasc, diabetes, or
thermorcgulatory problcms, tattoos near the head and shoulders, and permancnt cyc makcup
(Appendix 3). Participants were aged 46-84 years (mean=63.64 ycars) and 54.5% of the
study sample were men. All but 1 participant was right handed. Only 1 out of the sample had
experienced a fall within the previous 12 months, and one individual had sclf reported
mobility difficulties. All had very low risk or low risk Useful Ficld of View scores (asscssed
in the previous visit, see Chapter 2), indicating good visual attention abilities. 1 participant
completed all the tests but due to a technical difficulty only the psychometric data for the
MEG test was available. For this participant a scnsible mean value was used which took into

account similar aged participants, and similar cognitive & mobility abilitics.

4.2.4 Group Divisions and Demographics

The following group divisions were made in order to compare mean beta power levels
between groups: age, Frogger performance details of criteria), proportion of far-side unsafe
pedestrian crossing crror performance, average start-up dclay performance, start-up delay
coefficient of variance performance, processing speed performance, and spatial planning
performance. Frogger performance groups were simply divided into proportion of those who
did not make an crror, and the proportion of those who did make errors. To analyse the
differences in unsafe crossing performance, the cut offs for the proportion of far-side unsafe

crossing crror groups, start-up delay average groups, start-up delay cocfficient of variance
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groups, processing speed, and spatial planning groups were divided using scmi-automated

median splits (Table 10).

Despitc mean age differences between groups for walking speed, processing speed, and

spatial planning (Table 10), these differences were not found to be significant: t (9) = -1.724,
p=119; t (8) = 1.294, p=.232; and t (8) =1.073, p=.314 respectively. There was a significant
age difference, however, between start-up delay average performance groups (t (9) = -.2633,

p=.027) with older adults demonstrating slower start-up delay (Tablc 10).

Table 10- MEG Study Participant Demographics

Younger Group Older Group
Variable Age (SD) Divide Age (SD) Divide
Age 56.5(7.61) <65 722 (6.72) >068

High Performers Low Performers

Age (SD) Divide Age (SD) Divide
Frogger Performance 62 (9.61) 0 errors 65.6 (12.7) 0.1
Proportion Far-side 63 (15.43) <.05 64.17 (6.11) >.06
Errors
Walking Speed 59(9.3) >1.31 69.2 (10.33) <1.29
Start-up Delay Average 57.5(9.05) <25 71 (7.68) >2.66
Start-up Delay 63.78 (7.86) <1.5 63.83 (13.38) >1.6
Variability
Processing Speed 63.86 (7.34) <17 56.33 (11.06) >18
Spatial Planning 64 (9.23) >7 58 (7.62) <6
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4.2.5 Ethical Considerations

The study was reviewed and approved by the Aston University Ethics Committee (Appendix
3). Participants werc requircd to meet the health and safety guidelines for brain imaging
studies in order to be included in the study (see 4.2.3 for exclusion criteria and Appendix 3).
Participants were regularly screened (paper based questions, and a request to check pockets)
for any metal objects on or in their person, skin patches, contact lenscs, and conditions (such
as pregnancy and diseasc) that may make it unsafe to continue (Appendix 3). Data usc and
storage complied by the standards of the Data Protection Act (1998). All responses remained
anonymous, confidential and cach participant used the identification code previously given in
Study 1. Participants were given up to two weeks after completion to withdraw from the

study should they wish to, without risk of penalty.

4.2.6 Materials and Assessments

Five fiducial coils were attached to cach participant. Out of thesc five coils, three of them
were attached to the participants forehead, and the remaining two were attached to the left
and right pre-auricular in order to enable the Magenetoencephalographic (MEG) scanner to
detect head position during recordings, monitor movements, and to provide co-registration
with the MRI (sce 4.2.7) (McAllister, Rénnqvist, Stanford, ct al., 2013). Prior to cntering the
MEG scanner, these five coils, plus the participant’s nose, scalp, and forchcad werc digitally
recorded by using a digitiser pen which was linked to the MEG recording system. The
experimenter digitally ‘traced” the participants head by holding down a button on the pen and
digitally marking the points of interest (scalp, nosc, and coils) in three dimensions. The
digitiscd head shape made prior to the MEG recording was later coregistered (sce 4.2.7) to

the individual’s MRI anatomical scan using the Polhemus Isotrak System (Kaiser Aerospace

Inc.) (McAllister, Rénnqvist, Stanford, ct al., 2013).
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The experimental task (Frogger task, details in 4.2.6.1) required the use of a projector and
screen (approximatcly 1.5 metres away from the scated participant) within MEG shiclded
room, and a force transducer for participant responscs. Frogger was created and delivered

using Presentation® software (www.neurobs.com), as it provides temporal accuracy and is

compatible with ncuroimaging studies. The task used a MEG compatible force transducer (a
device in which participants squeeze in order to respond to the task specifications) to indicate
movement initiation. The force transducer has previously been found to be a good localiser of
motor cortex activity (Rosssiter, Davis, Clark, ct al., 2014). The Elckta Ncuromag Data
Analysis (DANA) softwarc was used for recording and analysing the data (sce 4.2.7 for
details on analysis). The MRI used was a 3 Tesla Trio Magnetum MRI scanncr (Siemens,
Erlagen, Germany) in a magnetically shiclded room inside a controlled MRI facility. The
shiclded room also had an intercom system and a surveillance camera for communication and

safcty purposcs.

4.2.6.1 Frogger Task
The Frogger task was based on a Sega arcade game and was used to measure motor

initiation/spatial planning. Previously, Frogger has been successfully used in computer
training studies in older adults (sce Zelinski & Reyes, 2009; Kueider, Parisi, Gross, & Rebok,
2012 for a review). Frogger requires participants to facilitate an animated ‘frog’ to travel
across onc or morc lancs of ‘traffic’ to get to safety; this ‘traffic” may be cars on the road or
turtles in a river, in which they must avoid or they will losc a ‘life’ (Shaw, Grayson, & Lewis,
2005). The participant must be able to quickly assess the varying environment, then plan and
respond quickly in order to do well in the task (Bellack, Dickinson, Morris, & Tenhula,

2005).
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As this was a proof of concept study, only onc lanc of ‘traffic’ was uscd. Firstly, instructions
were presented on the screen regarding the naturc of the task, and participants were required
to squecze the force transducer with their dominant hand when ready to begin to cross. A
practice trial was then shown to familiarisc participants to the task and the force transducer.
The cxperimental block consisted of thirty trials with a break after every ten trials. An
illustration of the Frogger task can be found in Figurc 5 below. Each trial started with no cars
on the screen, and a frog positioned in the centre of the screen. The frog could only move
vertically and only when the force transducer was squeezed. The aim was to movc the frog so
that it safely crossed between the two cars (there were only ever two on the screen at a time)
and rcached the finish line. The cars appeared and travelled across the screen at a constant
speed of 3 pixcls per 0.166 seconds. The distance between the cars, however, varied between
a distance of 200-400 pixels, which was enough space for the frog to cross between the cars
but also meant that participants had to continually assess and act according to the changing
environment. Each trial lasted a minimum of four seconds dependent on when the participant
decided to ‘cross’. The next trial started when cither when a frog hit a car, when a crossing
was missed, or the finish line was met. The task lasted approximately 15 minutes including

instructions and any questions.
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4.2.6.2 Pedestrian Behaviour and Predictors
The pedestrian behaviour measure used was the proportion far-side unsafc crossing crrors

(taken from the pedestrian simulation task in Chapter 2, sce Chapter 2 for more details). The
pedestrian predictors used were variables that were identified as significant and predictive of
unsafe crossing behaviour in Chapter 2. Thesc predictors were start-up delay average (the
time taken between a safe gap in the pedestrian simulation appearing and the participant
starting to cross in scconds), start-up delay cocfficient of variance (cocfficient of variance
taken from pedestrian simulation start-up delay outcome), walking speed (normal walking
speed in metres per second while walking 7 metres), processing speed inspection times
(UFOV subtest), and spatial planning (number of successful problems solved on the
stockings of Cambridge task). See Chapter 2 for more information on these behavioural

methods.

4.2.7 Procedure

Participants from Study 1 were invited back to take part in the brain imaging study (Study 2).
Beforc the task commenced, a further consent form was signed, and all mctal objects were
removed from their person. Participants were required to take part in a Frogger-like
pedestrian task (4.2.6.1). Once this was completed, participants were taken to havc a
structural brain image in the MRI, and then debricfed. Before data could be analysed, data
pre-processing was conducted to remove artefact noise and prepare for data analysis. To
removc unpreventable, non-biological external interference, the raw data recorded was first
max filtered, using the Taulu & Hari (2009) temporal signal-spacce separation (tsss) method,
with the addition of movement compensation (using the polhcmus head coils as a rcfercnee
point in the MEG scanncr) (Elckta Neuromag Oy). This method was computed using Elckta

Neuromag Data Analysis (DANA) softwarc and divided the data into segments (enough
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segments so as to allow sufficient temporal differences between the brain signals and
artefacts) and processed cach segment individually. The Maxfilter software further scparated
the segments into intcrnal, intermcdiate, and cxternal parts by signal space scparation (sss),
and then temporally compared them. Brain signals that were temporally uncorrelated were
identified as an artcfact and were removed (Sce Taulu & Hari, 2009 for more information).
Once Maxfiltered, both the original and the max filtered data files were simultancously
manually screencd (using Elckta Neuromag DANA Graph softwarc) for residual artcfacts
that may have corrclated with the internal brain signals. Max filter was run again when
necessary, only this time excluding bad or noisy channels that were still present. This mcthod
provided a good signal-to-noisc ratio for source analysis whilst still removing a varicty of
external signal confounds (Taulu & Hari, 2009). Event triggers were then created to mark
when the frog crossed the road (i.e. when the force transducer was squcezed). These triggers
were manually created using the clectromyography (EMG) and Neuromag DANA Graph
software. The three dimensional scalp and fiducial coil head digitisation was then used to
corcgister their MEG recording with their anatomical MR image using a modificd surface-
matching algorithm by Adjamian, ct al., 2004 (Hall, Prokic, McAllister, ct al., 2014;

McAllister, ct al., 2013).

Beta power changes before and after movement were then analysed using the Synthetic
Apcraturc Magnctometry ® (SAM) beamforming method in Matlab (Hall, Prokic,
McAllister, et al., 2014; Hillebrand, ct al., 2005; Vrba & Johnson, 2001). Next, specific beta
powecr activity locations or ‘hotspots’ in the contralateral and ipsilateral motor cortex (target
region of interest) were selected and saved using DANA MRIView softwarc. Specific
spatially filtered beamformers were then run using these localised source beta power

hotspots, or “virtual clectrodes” (McAllister, ct al., 2013; Robinson & Rose, 1992). Mean
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beta spectral plots were obtained from these virtual clectrode beamformers in Matlab (based
on method by Hall, Prokic, McAllister, et al., 2014, and Jurkiewicz, ct al., 2006). Time-zero
was the time at which the force transducer was squeezed, and pre- and post-movement beta

power was defined as the mean beta power 2 seconds either side of time zero.

4.2.8 Plan of Analyses
The performance groups that were compared were: age, proportion of frogger crrors,

proportion far-side crossing errors, start-up delay average, start-up delay cocfficient of
variance, walking speed, processing speed, and spatial planning (sce 4.2.6.2 for details about
the group divisions). To compare pre-movement beta desynchronisation (difference ratio
between rest and initiation) between performance groups, between participants t-tests were
conducted. A between participant t-test was also conducted to compare post-movement beta
rebound (difference ratio between initiation and rebound) between performance groups. To
explore beta laterality between the contralateral and ipsilateral hemispheres pre-and post-

movement within performance groups, a series of within participant t-tests were performed.
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4.3 Results

43.1: Hypothesis 1- There will be higher preparatory beta power, reduced beta
rebound and lower beta asymmetry in older adults compared to younger adults
The diffcrence ratio between mean resting beta power and mean desynchronised beta power

during movement initiation was not found to be significant (t(9) = -1.376, p=.202). In
addition, post movement rcbound, 1.¢. the difference ratio between mean desynchronised beta
power and mean beta rebound, was also not found to be significant (t(9) = .464, p=.653).
However, Figure 6 illustrates that younger adults (red linc) produced a faster post movement
rebound at 0.5 seconds compared to beginning at approximately 0.7 scconds in older adults in
the contralatcral hemisphere (left graph) suggesting faster movement rccovery in younger

adults.

As shown in Figure 6, younger adults displayed a reduced ipsilateral post-movement beta
rebound compared to the contralateral hemisphere (mean difference= .2583 nAm, marginal
effect; t (5) =2.262, p=.073), suggesting dominance in the contralateral hemisphere. Older
adults, on the other hand, displayed beta symmetry, i.e. no significant mean absolute beta
power difference between the ipsilateral and contralateral hemispheres (t (4) =1.337, p>.005)

during post-movement beta rebound, thus demonstrating laterality.

Thesc results partially support the above hypothesis as a reduced beta laterality trend was
found in older adults post movement. However, higher preparatory and post movement beta

rebound power changes in older adults than in younger adults was not supported.
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4.3.2: Hypothesis 2- There will be higher preparatory beta power, reduced beta

rebound and lower beta asymmetry in people making more pedestrian judgement
errors than those making fewer

Frogger performance groups were found to be age-matched with lower proportion of frogger
errors having a group mean age of 62 years, and higher proportion of frogger crrors having a
group mean age of 65.6 years (Table 9). Preparatory mean beta power difference, the
difference ratio between mcan resting beta and desynchronised beta power, was not found to
be significant in the contralateral hemisphere between people with a high proportion and low
proportion of frogger errors (t(9) =-1.267, p=.237). The difference ratio for contralateral
mean beta rebound, on the other hand, was marginally higher (mean difference= .30 nAm,

t(9) = -2.135, p=.062) in the frogger error group compared to the no frogger crror group.

As shown in Figure 7, those who made no Frogger crrors were found to display a significant
difference between hemispheres post movement (t(5) = -3.127, p=.026), whereas those who
did make Frogger errors showed no significant mean hemispheric difference (t (4) = -1.189,
p=300). Thus, participants making Frogger errors demonstrated beta symmetry, and
participants that did not make Frogger crrors demonstrated hemispheric asymmetry, and so

supporting the notion that there are differences in hemispheric laterality between groups.

These results partially support the above hypothesis as reduced frogger performance was
found to be linked to increasing bilaterality and changes in beta power activity. However,
his pattern was

beta power changes were only found in post-movement beta rcbound and t

found to be higher rather than lower contrary to prediction.
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For far-side unsafc pedestrian crossing crrors, a different pattern emerged. Unlike the beta
power activity results found for frogger performance groups, no significant differences were
found for far-side unsafe crossing groups for contralateral pre-movement beta (t(9) =.834,
p=.426) or for contralateral post-movement beta rebound ((9) = .250, p=.808) despite
appcarances in Figure 8 which shows a peak increase in beta power activity post-movement

for those making a higher proportion of unsafe far-side crossing errors (bluc linc).

Differences were found, on the other hand, between far-side crror performance groups for
hemispheric laterality. Lower far-side error group demonstrated bilaterality (t(4) = -1.693,
p=.166), whercas higher far-side crror group demonstrated laterality (t(5) = -3.466, p=.01 8).
Thesc results for hemispheric laterality are the opposite direction to frogger performance and
prediction, i.c. thosc making more far-side unsafe crossing errors would possess demonstrate

greater hemispheric symmetry.

Thesc results do not support the above hypothesis for beta power activity pre-and post-
movement or for laterality, however, these results could indicate that cither different
processcs are taking place for far-side pedestrian judgements compared to near-side (frogger
task involved judging one lane of traffic), or that individuals making a higher proportion of
1

far-side crossing errors are transitioning to impairment and have not recruitcd additiona

neural networks as yet.
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4.6.3: Hypothesis 3- There will be higher preparatory beta power, reduced beta
rebound and lower beta asymmetry in people with slower mean start-up delay
The slower start-up delay average performance contained a significantly older sample (mean

age=71 years) than the faster start-up delay group (mean age 57.5 years) (Table 9). However,
despite this difference in age and the behavioural differences in motor initiation between
groups therc were no significant age-related beta power differences between start-up delay
performance groups for contralateral preparatory beta power (t(5.641) = -.280, p>.05 or post
movement beta rebound (4(9) =.889, p>.05). In addition, no significant differences were

found for start-up delay variability performance groups for contralateral preparatory beta (1(9)

=.1.426, p>.05 or post movement beta rebound (4(9) = -1.766, p>.05).

No significant diffcrences were found between start-up delay groups in hemispheric laterality
with faster start-up delay group (t (5) =1.970, p>.05 and slower start-up delay group (t(4)
=1.976, p>.05) both demonstrating similar contralateral and ipsilateral beta power activity.
Start-up delay variability, on the other hand, did display hemispheric differences. For this
sample, the least variable start-up delay group demonstrated similar contralateral and
ipsilateral beta power hemispheric activity (t(4) =1.394, p>.05), whereas the more variablc
start-up delay group was found to have a more dominant contralateral hemisphere ((5)
=2.636, p=.046). These results are opposite to the above hypothesis suggesting that the more
variable start-up delay performers will be increasingly using the ipsilateral hemisphere

(hemispheric bilaterality).

In summary, start-up delay performance in this samplc was only linked to hemispheric

laterality. Start-up dclay average performers used both hemispheres, whereas start-up delay

variability groups showed that the more successful performers recruited additional ncural

124



networks. These results do not support the notion that there worsened start-up delay
performance are linked to increased preparatory beta power, reduced post movement

rebound, and increasing hemispheric laterality.

4.3.4: Hypothesis 4- There will be higher preparatory beta power, reduced beta
rebound and lower beta asymmetry in people with slower walking speed
The slower walking speed group was slightly older (mean= 69.3 years) than the faster

walking speed performance group (mean=59 years) (Table 9), however, this difference was
not found to be significant (¢(9) = -1.724, p=.119). No significant differences were found
between walking speed groups in terms of difference ratios for preparatory beta (1(6.082) = -

445, p>.05) or post-movement beta rebound (t(9) = -.120, p>.05).

Similarly to start-up delay variability performance, those with a better/faster walking speed
performance recruited both hemispheres (t(5) = -1.612, p=.168), whereas slower walkers had
demonstrated a dominant contralateral hemisphere (t(4) = 12.498, p=.067). These results arc
in the opposite dircction to the above hypothesis that those with slower walking speeds would

recruit both hemispheres.
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43.5: Hypothesis >- There will be higher preparatory beta power, reduced beta
rebound and lower beta asymmetry in people with slower processing speed and lower
spatial planning performance

Thete WEre 19 significant diffcrences found between processing speed inspection times for

prc-movcmcnt beta (t(9) =.763, p=.468) or post-movement beta rebound t(9) =.789, p=.453).
In addition, no differences in beta power activity were found between spatial planning
performance groups pre-movement (t(9) =213, p=.837) or post-movement (£(9)= -1.867,

p=099).

In support of the above hypothesis, a marginal effect was found between hemispheres for
those with faster processing speed inspection times demonstrating a dominant contralateral
hemispherc (t(6) =2.204, p=.070). In contrast, those with slower processing speed inspcction
times did not find significant differences between hemispheres (t(2) =2.199, p=.159),
suggesting hemispheric bilaterality. Contrary to expectations, no differences were found
between spatial planning performance groups for hemispheric lateralisation with both the
lower spatial planning ability group (t(5) =2.025, p=.099) and the higher spatial planning

ability group (t(3) =2.285, p=.106) demonstrating hemispheric bilaterality.

In summary, Frogger crror groups differed contralaterally for post movement beta recbound,
with thosc in the Frogger error group displaying a greater rebound (rather than lower as
expected) than those who did not make any Frogger errors. There were no differences found
between performance groups for pre-movement and post-movement beta power activity,
however, for age, proportion of far-side pedestrian errors, start-up dclay average &variability,
walking speed, processing speed, or spatial planning. Differing hemispheric lateralisation

patterns were found for differing performance groups. Y ounger adults, those making a lower

Proportion of frogger crrors, and thosc with faster processing speed inspection times were
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found to have a dominant contralateral hemisphere. In contrast, older adults, thosc making a
higher proportion of frogger errors, and those with slower processing speed inspection times

Jdemonstrated hemispheric bilaterality.

The opposite pattern (in opposition to expectations) was found for proportion of far-side
unsafc crossings, start-up dclay variability, and walking speed, whereby better performers in
these measures showed bilaterality and those with worsened performance predominately used
the contralateral hemisphere. Start-up delay average groups, on the other hand, showed that

both faster and slower start-up delay groups recruited both hemispheres.

4.4 Discussion
This study was a proof of concept study to see if pedestrian planning during a ‘Frogger road

crossing’ task and variables identified as important in unsafe pedestrian errors in Chapter 2
would exhibit reliable biological indicators that could contribute towards prediction and

prevention of unsafe pedestrian behaviour.

As expected, age differences were found in hemispheric lateralisation surrounding movement
whereby older adults demonstrated beta symmetry and the younger samplc employed bceta
hemispheric bilaterality. This finding supports research by authors such as Rossiter ct al.
(2014) and Park & Lorenz (2009) and could indicate that increased frontal functional activity
al specificity to

15.as a result of compensatory neural scaffolding, or a dedifferentiation of neur

adapt (o an increasing reduction in gray and white matter with age.
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Contrary to previous rescarch (such as Hall, et al., 2011), however, no significant age group
differences were found for preparatory beta power and post movement beta rebound.
However, this may be cxplained by the majority of participants in the older adult group being
female (previous rescarch has discovered older women demonstrating greater difficultics in
arcas such as walking speed, and balance: Butler, Menant, Ticdemann, & Lord, 2009 ;

Scaglioni-Solano & Arago n-Vargas, 2015) and using a median split to divide into age

groups.

Despite a ceiling cffect being found for ‘Frogger’ error numbers, those who did not make
errors were found to demonstrate higher post movement rebound in the contralateral
hemisphere. This may indicate that increasing pedestrian errors are as a result of maladaptive
beta power activity and as beta rebound was significantly higher it could mean that it would
take longer to reach normal resting beta power afterwards or begin movement
desynchronisation again when movements are in quick succession. Interestingly, the majority
of the participants who madc ‘Frogger’ errors were female in this samplc, and being female
was related to increased near-side errors in Chapter 2. This could indicate that these
pedestrian judgements are partially an age cffect as the women were gencrally older than the
men in this sample, or it could indicate that there arc differences in neural changes between

men and women.

Hemispheric lateralisation was found to have a differential relationship for near-side crossing
errors (frogger task used onc lanc of ‘traffic’) and far-side pedestrian crossing Crrors.
Increased proportion of ncar-sidc errors was linked to an increasing recruitment of the

ipsilateral hemisphere in order to perform the frogger task similarly well to those with a
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Jower proportion of frogger crrors. The reverse pattern was found for far-side crrors whereby
those making a higher proportion of far-side crrors predominately used the contralateral
hemisphere, and those making a lower proportion of far-side crrors recruited both
pemispheres. Onc possible reason for this contradiction in observed hemispheric patterns
petween Frogger and pedestrian simulator performance groups may be that different
processcs are required for one lane of traffic planning (i.c. Frogger task) compared to two
Jancs of traffic planning (pedestrian simulation). Alternatively, it could be that thosc making
more far-side unsafc crossings are transitioning to impairment and have not as yet recruited
additional ncural nctworks to perform similarly well to those making less far-side crrors or
less near-side errors, particularly as those making less far-side errors used both hemispheres.
This could indicate that the reduced number of near-side errors with increasing age may be
due to hemispheric bilaterality to compensate for global slowing. These findings partially
support the theory proposcd by Focrch & Steinmetz (2009) that unsafe pedestrian crossings,
particularly at the far-side of the road side may be as a result of difficulties in the right
hemisphere (this was the dominant side for the majority of the sample) which would lcad to
difficultics in the contralateral left field of view. Evidence for a reduction in right side motor
cortex ability was demonstrated by changes in beta power post-movement in the Frogger
task. In addition, far-side errors were more common when additional ncural networks had not
been recruited from the ipsilateral hemisphere, suggesting that the right hemisphere alone 1s

not sufficient to perform the task well.

The pedestrian predictors identified in Chapter 2 also demonstrated hemispheric changes in

lateralisation. Similarly to the frogger task, proccssing speed also showed that those with

slower processing speed inspeetion times increasingly recruiting the ipsilateral hemisphere.

These results support the notion of a global slowing with age (Salthouse, 1996) which may
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extend to difficultics in the motor cortex. As processing speed was found to be predictive of
near-side unsafe crossing crrors in Chapter 2, thesc results could indicate that near-side
unsafe crossings arc a result of increasing global slowing and not yct reeruiting additional
neural networks to compensate. Walking speed and start-up delay variability, on the other
hand, performed more similarly to far-side unsafc crossings whereby better performers
recruited both hemispheres and those with worsened performance mainly used the
contralateral hemispherc. Thesc results suggest that despite the better performers arc doing so
as a result of hemispheric bilaterality. If these individuals are still transitioning towards
increasing hemispheric laterality, this could explain why the ratio of far-side pedestrian

casualtics compared to ncar-side casualties have been found to decrease after the age of 85

years (Dunbar, 2012).

The biggest weakness of this study was sample size which was partially due to sampling
difficultics, with only 11 participants out of 104 from study 1 (Chapter 2) being willing and
able to take part. As a result, the study was conducted using a small sample sizc (a problem
for statistical power) and distinct extremes of mobility abilitics and pedestrian behaviours
could not be examined. Some of the non-significant differencces or similar group findings

could be as a result of the groups being too similar in performance and/or in age as median

splits were required for used to divide the groups.

The frogger task also only consisted of onc lanc of traffic and had a ncar cciling cffect

suggesting that the task was mainly measuring near-side crrors and was perhaps not difficult

enough to investigate whether ncuronal and hemispheric changes are present in complex

pedestrian judgements. An additional block of trials with a sccond lanc of traffic for the
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“frog’ tO CIOSS could be added to sce if there are different beta power signaturcs between
Prcpﬂring for near-sidc and far-sidc crossing choiccs, Alternatively, an EEG could be
employed whilst completing the road crossing simulation to provide a more realistic

representation of motor cortex beta power activity in a morc naturalistic sctting.

Some differences in beta power activity in participants using Frogger between those with

high versus low far-sidc crossing errors were found in this study, which is promising, and
may warrant further cxploration. Future rescarch would benefit from a larger participant
sample with cxtremes of pedestrian crossing error and pedestrian predictor abilitics, with
extra care to age and gender match the groups to separate out these confounding variables.
Duc to the smaller sample size, there was not the statistical power to perform extensive
analysis such as voxcl-based morphometry correlations typically used for parametric

mapping of beta power activity. One of the difficulties in recruiting participants for study 2
was that some of the older adults were anxious about the scanncrs. Of thosc who were willing
to take part, a number of participants were unsuitable duc to not meeting the health and safcty
criteria. Future research may consider first selecting those suitable and willing to take part in

MEG and MRI and then do the offline tasks (such as walking speed, and cognitive tasks).

To conclude, this proof of concept study found that differences in beta power signatures can
be found between performance groups divided by the presence or absence of behavioural
rch towards

road crossing crrors. These findings may have implications for future rcsca

predicting, preventing, and perhaps treating older adults at risk of pedestrian injury.

131



5 [dentifying predictors of fear of falling, life space, and quality of life measures

Objective

In addition death and injury, mobility decline (such as pedestrian errors in Chapter 2, and
falls in Chapter 3) and cognition can negatively impact on quality of life and activity
avoidance. Further, fall prevalence in Chapter 3 was not significantly linkcd to mobility and
cognition alone, and may bc further explained by a fear of falling. The objective of the study
was to determine the role of mobility and cognition on fear of falling and life space mobility,

and the impact on quality of lifc measures

Methods

A serics of questionnaires (including falls cfficacy, life space mobility, and quality of life)
were completed by half of the Study 1 participants, and were compared to Study 1 mobility
(including unsafe pedestrian crossings, safe crossings missed, and falls), and cognitive

measures.

Results and Conclusions

Fear of falling was significantly predicted by mobility decline (sit-to-stand and mobility
scorc), pedestrian anxiety, previous falls, and cognition (spatial working memory, processing
speed, and reaction time) and accounted for 68.1% of the variance. Life spacc mobility,

however, was predicted by mobility (mobility score and pedestrian anxicty) and closc family

& friends, and accounted for 11.1% of life spacc mobility variance. 48.5% of quality of lifc

variance was cxplained by mobility (sit-to-stand times and pedestrian anxicty), closc family

& friends, and cognition (reaction time and processing speed). These results suggest that

mobility, social community, and possibly a realisation of slowed cognition are key to QOL.
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5.1 Introduction: Prevalence and Implications

Chapter 3 was unsuccessful in significantly predicting fall history in this participant samplc,
with postural sway (perturbation average) and set shifting only explaining 9-13% of fall
variance. This suggests that more factors may contribute towards fall prevalence than
mobility and cognition alonc. Falls arc increasingly common with increasing age and can

cause serious or fatal injuries in older adults (Rubenstein, 2006).

A common by- product of falling is a fear of falling, and this can affect up to sixty percent of
60-79 year olds (Niino, Tsuzuku, Ando, & Shimokata, 2000; Howland, Lachman, Pcterson,
etal., 1998). Although fear of falling is a common result of having experienced a fall, it can
also be present in those who have not fallen, and not all older adults who have fallen (within
the previous 12 months) will become fearful (Myers, Powell, Maki, et. al, 1996). Fcar of
falling has been found to be a risk factor for future falls (de Vries, Peeters, Lips, & Deeg,
2013; Delbaere, Close, Heim, et al., 2010; Hadjistavropoulos, Martin, Sharpe, et al., 2007).
For instance, a fear of falling may lead to avoidance of certain movements, such as avoiding
going upstairs or moving around the house unless nccessary. In a study by Filiatrault &
Desrosicrs (2009), it was found that 50% of those fearful of falling would pausc before
getting up from a bed and would slow their walking speed. Restriction of movement may lead
to muscle weakness and atypical gait (Rubenstein, 2006). Painter, Allison, Dhingra, ct al.
(2012) found that activity restriction predicted fear of falling, and that activity restriction was

related to anxicty and depression in older adults. This suggests that the fear of falling

phenomenon is morc complex than merely a result of having a fall, and that fear of falling

may contribute towards explaining the presence of falls.
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Fear of falling and activity restriction, however, may not neeessarily be as a result of mobility
reduction. Cumming, Salkeld, Thomas, & Szonyl (2000) found a relationship was found
petween fear of falling and activities of daily living cven once age, sex, recent falls, walking
aid use and physical health, with the more fearful of falling older adults are (mcasured using
falls efficacy scale, FES) the fewer activities of daily living are performed. This suggests that
fear of falling may be multifaceted and that fear even in the absence of mobility impairments

may limit activitics of daily living.

Further to daily activities, fear of falling can impact on older adults travel patterns. Lifc space
mobility is defincd as the arca in which a person travels on a daily basis from rooms in the
house to other counties and countries (Baker, Bodner, & Allman, 2003). WRVS (2012) found
that out of thosc who took part in a questionnaire, 17% of over 80’s were concerned about
leaving the house for fear of falling, and 5% of over 75’s only lcaving the housc if
accompanied. Older women were found to have more fear of falling (Filiatrault & Desrosicrs,

2009) and had a smaller life space than men (Byles, Leigh, Vo, Forder, & Currycr, 2015).

To date, no significant body of work has combined behavioural methods, with rclevant

neuropsychological features such as motor initiation, quality of life, and fear of falling

measures. Together, they may provide important diagnostic and prognostic indicators of

impaired function (and adaptation/compensation) with which to inform intcrvention. The

purposc of this study was to detcrmine the predictive relationships for fear of falling, lifc

Space mobility, quality of lifc, and social restriction, with age, gender, mobility measures

(including falls), cognition, and pedestrian behaviour collected in Chapter 2.
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5.1.1 Impact of Life Space Mobility and Fear of Falling on Quality of Life Measures
Fear of falling is one of the main disabling components of ageing, as it prevents the optimal

level of functioning for the older adult, such as reduced social and physical activity
(Tcnnstcdt, Howland, Lachman, ct al., 1998). Concerns about physical harm, lasting
functional disability, and loss of independence, along with social embarrassment and damage
to identity werce the main commonly feared consequences of falling (Yardley, & Smith,
2002). Life spacc mobility has also been found to be significantly associated with quality of
life. Quality of life (using LEIPAD questionnaire: De Leo, Dickstra, Lonngvist, ct al., 1998)
was found to be reduced in individuals who perceived there to be more outdoor
environmental barriers (such as travel distances, traffic, and terrain), who were anxious of
going outdoors, had slower walking spced, and were not as physically active as desired
(Rantakokko, Iwarsson, Kauppinen, et al., 2010). Therefore, a reduction or even a perceived

reduction in life space mobility can reducc feelings of wellbeing.

In addition, reduced life space mobility is associated with increased prevalence of depressive
symptoms in older adults. Polku, Mikkola, Portegijs, et al., (2014) found that the relationship
between lifc space mobility and depression were mediated by gender. When the depression
was divided into its four sub-components (low feelings, physical symptoms such as low
appetite, positive feelings such as fecling hopeful, and interpersonal problems) it was found
that this rclationship between life space mobility and depression was mediated by walking
difficultics and health conditions.Thesc results suggest that a combination of reduced

mobility, reduced life space, and fcar of falling may have 2 ncgative impact on quality of life.

This chapter determined the cxtent to which mobility (including falls and behaviour), life

Space, and fear of falling could predict quality of life with increasing age.
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Reduced life space range can also have a negative impact on social isolation. Rantakokko,
[warsson, Vahaluoto, ct al., (2014) found that in an extensive home interview of 848 older
adults (aged, 75-90 ycars), 28% of participants reported feelings of loncliness sometimes or
often. Those who reported feelings of loneliness were found to have reduced independence
(impact on participation and autonomy questionnaire), increased number of perecived

outdoor cnvironmental barriers, difficulty walking 2km, and a reduced scnse of autonomy.
Functional (basic ADL’s, avoidance of engagement in social & physical activitics; using
SAFFE scale) and social factors, such as social embarrassment and damage to identity, were
important with increasing age and increasing postural instability. Fear of damage to identity
and physical harm and disability, along with general fear of falling predicted future avoidance
of activitics at Time 2 (6 months after initial meeting). The authors spcculate that fear of
damage to identity may explain some of the association between fear of falling and avoidance

of social situations.

Objective and perceived social isolation has also been found to be a risk factor for mortality
(Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015). Thesc results suggest that in
uncovering the causes of fear of falling and reduced life space mobility there may be
opportunitics to reducing social isolation, increasing quality of life, and perhaps increasing
healthy lifespan via reduced falls and loneliness. This chapter specifically examined whether
fear of falling, or life spacc mobility was more predictive of quality of lifc, or whether it
could be attributed to a combination of both. In addition, the predictive value of social
connections was examined to determine whether it predicted quality of life cven when

mobility, cognition, fear of falling, and lifc spacc mobility had been accounted for.
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There arc many possible causcs and/or contributing factors towards both fear of falling and
life space mobility but the exact cause and most predictive relationship is as yet not fully
understood. As indicated in Chapter 3, falls were related to mobility (as mcasured by walking
specd) and cognition (selective attention and within participant variability), however only
walking speced modecrately predicted the presence of falls within the previous 12 months (sce
Chapter 3 for full results). With previous literature indicating a predictive and causal role of
fear of falling with falls (de Vrics, Peeters, Lips, & Deeg, 2013; Delbacre, Close, Heim, ct al.,
2010; Hadjistavropoulos, Martin, Sharpe, et al., 2007), this chapter investigated whether fear
of falling, and maybe life spacc mobility, may be a better predictor of falls than mobility and
cognition in this participant sample. In addition, the role of psychological factors, cognition

and mobility was explored to uncover predictive relationships of fear of falling and reduced

life spacc mobility.

5.1.2 Link between Fear of Falling and Life Space Mobility with Mobility Difficulties
Mobility and physical activity have previously been found to be associated with fear of

falling. People with higher levels of physical activity, and enhanced balance, using the Berg
Balance scale, which includes items such as standing from a seated position (Berg, Wood-
Dauphinee, Williams, & Maki, 1992), were found to be less fearful of falling (using the Falls
Efficacy Scale, Tinetti ct al., 1990), (McAuley, Milhalko, & Rosengren, 1997). Moreover,
fear of falling was also found to be reduced with exercise interventions designed to incrcase
falls self-cfficacy (Li, Fisher, Harmer, & McAuley, 2005) and further investigation in

mobility and fear of falling may be uscful for devising interventions to reduce this fcar.

In addition, those more fearful of falling had poorer balance control (Berg balance scalc;

Berg, Wood-Dauphinec, Williams, & Maki, 1992) and lower extremity function (timed up
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and go and 501t speed walk) (Li, Fisher, Harmer, McAuley, & Wilson, 2003). Further to
current fall anxicty, balance and sensory issues can predict future fear of falling to occur. In a
sample of women twin pairs aged 63-76 years old, out of thosc who reported themselves as
not being afraid at baseline, 41% subscquently developed a fear of falling three ycars later.
This fear of falling was predicted by a combination of sclf reported vision, hearing, and
balance difficultics (measured via a Likert scale question of how much they agree with
having these difficultics), even if participants had not experienced a fall (Viljancn, Kulmala,
Rantakokko, Kosckenvuo, Kaprio, & Rantanen, 2013). These results suggest that fear of

falling can be caused by age-related changes even in the absence of previous falls.

Besides balance and lower extremity function, age-related changes in walking may also
contribute towards a fear of falling. Previous literature has indicated that fcar of falling is
linked to gait difficulties. Maki (1997) found that fear of falling was significantly rclated to
shorter gait stride lengths, increased stride-to-stride variability (both measured by saturating
pads underneath special slippers with ink and measuring stride properties on the paper
walkway), and slower gait speed, even though these gait measures were not significantly
predictive of future falls up to a year later. In addition, slower gait spced and stride variability
was shown to be highly related. The author suggests that this slowing in spced may be at least
partially as a result of compensating for stride variability (Maki, 1997). Also, Ayoubi,
Launay, Kabeshova, et al., (2014) found that falls and fear of falling on their own, however,
were not found to be predictive of walking speed stride-by-stride variability (mcasured using
GAITRite) in older adults (aged 65.5-75.5 ycars), rather, combined fear of falling with
Previous falls were associated with increased walking speed variability. These results imply

that the relationship between mobility (in this casc walking speed), falls, and fear of falling

are more complex than reduced mobility and previous falls causing fear, and vice versa. This
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could sugeest that performance variability in mobility, such as perturbation variability may

also be linked to fear of falling.

Besides fear of falling, life space mobility has also been linked to mobility difficultics in
older adults. Longitudinal lifc space data (using the University of Alabama at Birmingham
Study of Aging Life Spacc Asscssment) in older adults was found to mediate activitics of
daily living (such as ability to climb the stairs, walking, and getting outside) and health
related quality of life (using a version of the SF-12), even when age, sex, race, cducation, and
smoking status were accounted for (Bentley, Brown, McGwin, ct al., 2013). People who
avoid activitics becausc of fear of falling may also become frailer. Avoidance of activities of
daily lifc in older adults (aged 61-92 ycars) was found to be related to reduced mobility
performance (Physical Performance Test, including reaching and walking), muscle strength,
and centre of gravity (Delbaere, Crombez, Vanderstracten, Willems, Cambicr, 2004). Further,
life space mobility has been found to be related to reduced sit-to-stand speed, tandem
standing balance, and walking speed (using the Short Physical Performance Battery, SPPB;
Guralnik, Simonsick, Ferrucci, et al., 1994) (Portegijs, Rantakokko, Mikkola, Viljancn, &
Rantanen, 2014), suggesting that a combination of psychological and physical factors can
restrict one’s life space. Autonomy and physical performance cxplained one third of lifc
spacc mobility. Thesc rclationships were more profound in women. Further, reduced life
space mobility was previously been found to be associated with and predictive of frailty
(measure including slowed walking, weak grip, low physical activity) (Xuc, Fricd, Glass,
tributions of

Laffan, & Chaves, 2007). This chapter directly examined the predictive con

mobility and fear of falling on lifc space mobility.
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These studies suggest that fear of falling, and lifc spacc mobility may be related to a

reduction in mobility (such as balance, sit-to-stand ability, and walking speed). However, as
falls do not neeessarily result in a fcar of falling, or a life space restriction, and likewisc thosc
who are fearful of falling have not always experienced a fall within the previous year (Myers,
powell, Maki, ct. al, 1996), there may be more factors involved in the development of fear of
falling and life spacc restriction than mobility alone. Further, as mobility was found to be
related to cognitive function in Chapter 3, there may be an clement of cognition involved too.

This chapter focussed on balance, chair rises, walking speed and self-reported mobility, along

with quality of lifc measures and activity restriction in order to uncover these complexities in

fear of falling.

5.1.3 Relationship between Fear of Falling and Life Space Mobility with Road

Behaviour
As research into mobility has found a link with fear of falling (sce 5.1.3), and Chapter 2

found walking speed and start-up delay to be related to and predictive of unsafc crossing
behaviour, fear of falling may also relate to aspects of pedestrian behaviour. In a study by
Avineri, Shinar, & Susilo (2012), fear of falling across three age groups (18-35 years, 36-64
years, and 65+ years) was assessed in relation to observed pedestrian behaviour at two rcal
world crosswalks (a signalised two-way road, and an unsignallised one-way road). Using a

fixed video camera during midweek off-peak times (10am-2pm), walking speed, and

downward head pitches (as opposed to looking directly at the road and traffic, and as such a

measure of visual inattention) were recorded. After having been observed crossing the road,

participants were approached for an optional face-to-face survey including questions such as

age, gender, whether they were in a hurry, had vision problems, whether they had previously

been involved in a road incident, were fearful of falling (Likert scale), and how often they

cross at that point.
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Results showed that fear of falling was predictive of an increased number of downward head
pitches (i.c. demonstrated less attention towards the road) whilst crossing the road, but not
factors such as age or crossing spced. Crossing speed did not appear to be influenced by fear
of falling in this samplc; rather increased age (faster walking was obscrved in the 18-35 year
group, and slower walking was obscrved in the 65+ year group) and gender (predominately
females) were the biggest predictors of crossing speed. Previous road incidents were not
found to be predictive of downward head pitches. However, visual inattention or looking
behaviour docs not directly address whether the crossing gaps taken would have been safe for
that individual. The authors also did not explorc compensation behaviours regarding whether
safc crossing gaps that could have been taken were missed as a result of being anxious of
falling (Avineri, Shinar, & Susilo, 2012). This chapter directly investigated this issue using a
simulated road crossing environment data from Chapter 2 to assess the rolc and predictive
value of fear of falling on the proportion of unsafe crossing errors made, and the proportion

of safc crossing gaps missed. Maybe begin to introduce your hypotheses.

5.1.4 Relationship between Fear of Falling and Life Space Mobility with Cognition
Literature has also implied the role of cognition in fear of falling and life spacc mobility.

Increased dual task costs (walking while talking) have been observed in older adults with a
fear of falling and a lower balance confidence compared to those with higher balance
confidence and no fear of falling (Liu-Ambrosc, Katarynych, ctal., 2009). However, only

age, time to walk 40ft, and global cognition were accounted for, and not other mobility

functions such as balance, despite investigating balance confidence, or lower extremity

strength which would indicate frailty. Further, O’Halloran, Pénard, Galli, ct al. (2011) found

that mean reaction time and within participant variability in a sustained attention task

(sustained attention to responsc task; SART) was related to fear of falling (falls cfficacy

141



qucstiOImairC) and previous falls in older adults. In addition to attentional resources and
variability, Schott (2014) found that the exccutive function sct shifting (measurced using the
ail making test) was related to balance confidence (using activitics specific balance
confidence scalc). These findings suggest that reduced attentional and exccutive function
resources may at lcast partially contribute towards a fear of falling in older adults. However,

these studics have only examined a limited amount of cognitive functions, mainly focusing

on global cognitive change.

Cognition has also been linked to life space mobility restriction. Sartori, Wadley, Clay, Parisi,
Rebok, & Crowe (2012) explored the relationship between cognitive functions, including
memory (compositc of Rivermead behavioural memory test paragraph recall, Hopkins verbal
learning test, Rey auditory verbal learning test), processing speed (Useful Ficld of View
composite), rcasoning (identify letter, and word series problems composite), with life space
questionnaire, daily activities (everyday problems test, observed tasks of daily living, timed
instrumental activities of daily living), and personal control beliefs (Locus of Control). All

threc cognitive domains strongly and independently predicted life space in older adults.

To the best of the author’s knowledge, to date few studies have incorporated an extensive

battery of cognitive tests to further examine cognitive causes of fear of falling despite

evidence for attentional rescrve issucs. This chapter employed a wide battery of cognitive

and cxccutive function tasks with the aim to uncover predictive rclationships with fear of

falling,
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The hypotheses that were tested were:

1) Lower fear of falling scores, larger lifc spacc mobility and higher quality of lifc scores will
be correlated with reduced previous falls, better pedestrian behaviour (proportion of crrors

and proportion of missed safe crossings), mobility, start-up dclay and cognition

2) There will be significant corrclations between fear of falling and life space mobility with
quality of lifc measures (i.e. perceived life space difficulty, loncliness and satisfaction with
life)

3) Mobility (including previous falls and pedestrian behaviour), cognition and quality of lifc

measures will have a strong linear relationship with fear of falling

4) Mobility (including previous falls and pedestrian behaviour), cognition and quality of life
measures (including fear of falling) will have a strong linear relationship with life space

mobility

5) Mobility, cognition, fear of falling and life space mobility will have a strong lincar

relationship with quality of life score

6) Mobility, cognition and quality of life measures (specifically fear of falling) will have a

strong linear rclationship with previous falls
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5.2 Method

5.2.1 Design

A regression design was uscd to find predictive relationships between variables. The
dependent variables mcasured were fear of falling, life space mobility, previous fall number,
and quality of life. The potential predictive mcasures used were age, cognitive measurcs
(spatial planning, spatial working memory, inhibition, updating, set switching, reaction time,
within participant variability), and visual attention measures (processing speed, divided
attention, sclective attention), mobility (walking specd, mobility score, sit-to-stand,
perturbation average, perturbation variability), start-up delay, pedestrian behaviour
(proportion unsafc crossing errors, proportion safe crossing gaps missed), and quality of life
measures (quality of life, satisfaction with life, loneliness, social community, communication
frequency, perceived life space difficulty, fear of falling, life space mobility). Corrclation
analyses determined which of the predictive measures were included in the regression

analyses.

§.2.2 Participant Sample
Participants from Study 1 were invited back to take part ina QoL questionnaire. For the Fear

of Falling and Quality of Lifc Questionnaire study, all the participants from the original

sample were sent three questionnaires (Appendix 5), a consent form and debricf form

(Appendix 4), through the post with a postage paid return envelope. Participants were given

the option to opt in to the study and return the questionnaires. A total of 56 participants, aged

46-88 years (mecan=67.4 ycars, SD=9.73), completed and returned the questionnaires. Out of

this samplc, 82.19% reported being at Icast a little fearful of falling. 17.9% of the samplc had

fallen within the previous 12 months. 62.5% of the respondents were female.
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523 Ethical Considerations

This study was approved by the Aston University Life and Health Sciences Ethics
Committec. Participants were reminded of thcir right to withdraw at any point up to two
weeks after returning the questionnaires without any adverse consequences, and that they
pave the choicc to opt in if they wish. All participants were given information regarding the
study, and were required to complete a consent form. Data use and storage complied by the
standards of the Data Protcction Act (1998). Participants used the same participant codces as
Study 1 to cnsure confidentiality but also to match the data from Study 1. Questionnaire

originals were kept in a sceure, locked office. Data analysis was conducted on a password

protected computer, and only the participant code was used against their data.

5.2.4 Measures

Mobility measures (walking specd, mobility score, sit-to-stand, perturbation average &
variability; 2.2.6.1 & 2.1.6.2), cognitive & visual attention measures (processing specd,
divided attention, sclective attention, spatial planning, spatial working memory, updating,

inhibition, sct shifting,, choice reaction time, within participant variability; 2.2.6.3), and

pedestrian behaviour measures (proportion unsafe crossing Crrors, proportion safe crossing
gaps misscd; 2.1.6.4), from Study 1 (Chapter 2) were uscd, along with new questionnaire

assessments as described below.

The complcte Falls Efficacy Scale- International (FES-I) qucstionnairc (Tinetti, Richman, &

Powell, 1990) was uscd to measure fear of falling (Appendix 5). Tinetti, ct al. (1990) argued

that this measure is morc valuable and informative than merely asking participants if they arc

fearful of falling in a ‘yes or no’ format. The questionnaire contained the full 16 questions
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; egardillg how concerned participants arc about falling under various circumstances, such as
, S

getting out of a chair or going to the shops. A higher number on this measure meant that the

participant was more fearful of falling.

The Life Spacc Questionnaire (Stalvey, et al, 1999) was adapted from American English into
English (c.g. yard to garden) (sec Appendix 5). The Life Space Mobility Questionnaire has
previously been found to have high test-retest reliability (Kammerlind, Fristedt, Bravell, &
Fransson, 2014). Each life spacc area visited (yes or no answer) within the last 3 days was
summed up to provide the outcome score. The questions ranged from Ieaving their bedroom

to Jeaving the country. A higher score meant that the participants had a large lifc space arca.

To measurc quality of lifc, four questions from the ASCOT (adult social care outcomces
toolkit; Social Care Related QoL questionnaire) (Netten, ct al, 2011) was uscd (sec Appendix
5). These four questions covered how much control participants felt they had over their daily
life, whether they were able to do the activities they wished to, how anxious they felt, and
their feclings regarding their social status. These statements were weighted in accordance to
standardised protocol and summed together to provide onc outcome measure. A larger scorc

meant that participants had a higher perceived quality of life.

One question (with three statements) from Satisfaction with Lifc Scalc was used (Diener,

Emmons, Larsen, & Griffin, 1985) (see Appendix 5). The questions related to how ideal their

life was, the conditions of their lifc, and how satisfied participants were with their life, using

alikert scale. The scores on cach of these statements were summed together and provided one
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outcome measure. A higher score meant that the participants were more satisficd with their

Jives.

Six questions from the UCLA Loncliness Scale (Russell, Peplau, & Ferguson, 1978) were
used (Appendix 5). The questions covered feelings of loncliness & isolation, number of
social interactions with family & friends, and participants recorded their responses using a
Likert scale. Three outcome measures were obtained: total social community score (number
of friends and family), total communication (with family and friends), and how lonely they
perceived themselves. For these measures, lower scores meant that participants had better

social community and communication.

5.2.5 Procedure
Participants received a consent form, debrief form, study information, and two questionnaircs
(listed in 2.5.6) through the post and those that were interested returned their responses on a

prepaid envelope.

5.2.6 Plan of Analyses
In order to test hypothesis 1 (Lower fear of falling scores, larger life space mobility and

higher quality of life scores will be correlated with reduced previous falls, better pedestrian

behaviour, mobility, start-up delay and cognition) and hypothesis 2 (There will be significant

correlations between fear of falling and life space mobility with quality of life measures)

partial corrclations controlling for age and gender were conducted.
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Hypothesis 3 (Mobility, cognition and quality of lifc measures will have a strong lincar
relationship with fcar of falling), hypothesis 4 (Mobility, cognition and quality of life
measures will have a strong linear relationship with life space mobility) and hypothesis 5

(Mobility, cognition, fear of falling and life spacc mobility will have a strong lincar

relationship with quality of life score) were conducted using stepwise regressions.

Finally, hypothcsis 6 (Mobility, cognition and quality of life measures (specifically fear of
falling) will have a strong lincar relationship with previous falls) employed a stepwisc
logistic regression. The missing valucs within the multiple regression analysis were replaced

with mean values (Rubin, 2004).
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5.3 Results

53.1 Hypothesis 1- Lower fear of falling scores, larger life space mobility and higher
quality of life scores will be correlated with reduced previous falls, better pedestrian
behaviour (proportion of errors and proportion of missed safe crossings), mobility,
start-up delay and cognition

Age was not related to fear of falling, life space mobility, or quality of lifc. Gender was,

however, related to quality of life only (r= -.347, p<.001), with men in this samplc reporting
greatcr quality of life than women. As demonstrated in Table 11, slower sit-to-stand times

werc also linked to a reduced quality of life. This relationship between quality of life and sit-
to-stand times remained significant when gender was controlled for (r (53)=-.335,p=.012),

suggesting that gender and sit-to-stand times independently relate to quality of life.

Fear of falling, but not life space mobility was related to falls within previous year, Fear of
falling was also correlated with reduced walking speed, increased sclf-reported mobility
difficultics, slower sit-to-stand times, further perturbation distance, reduced spatial working
memory, and reduced reaction time. Life space mobility was not significantly rclated to
mobility difficulties or cognition. Instead, an increased lifc space arca, as opposed to a

reduced life space mobility area as predicted, was positively related to a higher proportion of

available crossing gaps missed. Neither fear of falling, nor life space mobility were related to

proportion of unsafc crossing errors. These results partially support the above hypothesis as

fear of falling is related to multiple cognitive and mobility components, including the

presence of a previous fall. Life space mobility, on the other hand, was related to pedestrian

behaviour only. Further, quality of life is independently rclated to lower extremity strength

and gender, but not cognition. Start-up delay was not related to any of these measures.
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533 Hypothesis 2- There will be significant correlations between fear of falling and life

space mobility with quality of life measures (i.c. perceived life space difficulty, loneliness
and satisfaction with life)
As shown in Tablc 12, increased fear of falling was positively related to an increased

pcrccivcd life space difficulty. However, no significant relationship was found with actual
life spacc mobility arca (Table 12). This suggcsts that fear of falling may make individuals
feel that their lifc space is more difficult but not necessarily reduce it. Further, the morc
fearful of having a fall an individual was, the lonelier they felt they were, and the smaller

close social community they reported having.

An increase in close social community, on the other hand, was positively related to an
increased lifc space arca. Total communication with close family and friends was linked to
life space mobility only, with a reduction in communication being linked to increased lifc
space mobility. This could imply that those individuals with less communication arc visiting

close family and friends instead.

Increased quality of life score was found to be significantly positively related to an increased
number of close family and fricnds and increased life space mobility arca, and ncgatively
related to a reduction in fear of falling. Satisfaction with life score, however, was not

Signiﬂcantly related to cither fear of falling or lifc spacc mobility. These results support the

hypothesis that fear of falling and life space mobility are implicated for quality of lifc in older

adults, including loncliness. As cognition and mobility (Tablel1) have also been found to

relate to these measures, interventions in these arcas could also increase quality of life.




Although fear of falling was not rclated to proportion of safe crossings missed (Table 11)
reduced lifc space difficulty was related to an increased proportion of safc pedestrian crossings
missed (r (54) = -.343, p=.010). This could indicate that caution at the roadside and reduced fear

of falling could be beneficial for increasing life space arca.

Table 12- Correlation Matrix Quality & Satisfaction with Life, Life Space Difficulty, and
Loneliness & Social Inclusion Measures, with Life Space, and Fear of Falling, controlling

for Gender
ariables Life Space Quality of Satisfaction Life Space Loneliness Total Total Social
¥=56) Mobility Life with Life Difficulty Scale Communication  Community
aar of -.073 -.265%* -.195 331* 338* 130 -.338%*
illing
ife Space 375%* 146 -.162 -.060 -.280%* 287%
lobility
uality of -.223 -310* =231 42 1%*

ife

*= Significant at .05 level **=Significant at .01 level

5.3.4 Hypothesis 3- Mobility (including previous falls and pedestrian behaviour), cognition
and quality of life measures will have a strong linear relationship with fear of falling
To answer the above hypothesis regarding predictors of fear of falling, a stepwisc rcgression was

conducted. When all the mobility, motor initiation, and cognitive measurcs along with life spacc

mobility werc entered into the model, a total of 15 steps each with one variablc per step werc

produccd. Considering 56 participants took part in this study, this many variables and steps would

reducc the model’s statistical power. For this reason, a principle componcnts analysis was then

conducted to reduce the number of variables entered into the stepwisc regression. The principle

. : ' . Th
components analysis was conducted so as to force the variables into two fixed factors. The

variables in the component matrix that were loaded strongly (i.c. above .4) n the samc factor as

fear of falling were as follows: age, walking speed, sclf-reported mobility score, sit-to-stand,

perturbation avcrage (transformed), falls, proportion of total unsafe pedestrian crossings
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(transformed)’ proportion safc pedestrian crossings missed, start-up dclay average processing
speed (tl'ansformcd), divided attention (transformed), sclcctive attention, choice reaction time

(trallsformed)a and spatial working memory. The steps produced in the new stepwise regression

can be scen in Table 13.

The overall modcl for predicting fear of falling was found to be significant (F (7, 47)=14.343,
p<.001) and accounted for 68.1% of fear of falling variance. Sit-to-stand alone predicted 37.9%
(Table 13). All seven steps significantly contributed towards fear of falling: sit-to-stand F (1, 53)
=32.332, p=<.001; mobility score F" (1, 52) =5.399, p=.024; safe pedestrian crossings missed /-
(1,51)=5.860, p=.019; previous falls £ (1, 50) =5.722, p=.021; processing speed F'(1, 49)
=7.386, p=.009; reaction time F (1, 48) =6.078, p=.017; spatial working memory F' (1, 47)
=4.489, p=.039 (individual percentage variance added displayed in Table 13). These results
support the above hypothesis that mobility measures, including previous falls, and cognition arc

predictive of fear of falling.
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Table 13- Predictive Contribution of each Step in explaining Fear of Falling

Model Steps
| Mobility 1

2 Mobility 2

3 Pedestrian
Behaviour

4 Falls

5 Visual Attention

6 Cognition 1

7 Cognition 2

Variable 2
R? R Beta Sig.
Sit-to-St ;
it-to-Stand 379%* 379k 616%* <00]
Sit-to-Stand 437%* 058 .

- : : A8 <.001
Mobility Score 273* 024
Mobility Score 343%% 005
Safe Crossings Missed 252% 019
Sit-to-Stand S47** 052%* 430 % <001
Mobility Score 350% 003
Safe Crossings Missed 243% 018
Falls 236* 021
Sit-to-Stand .606%* .059** A3RH* <.001
Mobility Score J358%* .001
Safe Crossings Missed 243 013
Falls 279%* .005
Processing Speed -.248%* .009
Sit-to-Stand 651%* .044* 352%% .002
Mobility Score 338%* .001
Safe Crossings Missed 257 .006
Falls 281%* .003
Processing Speed -.308%* .001
Choice Reaction Time 243% 017
Sit-to-Stand 68 1%* .030%* 320%% .003
Mobility Score 333%* 001
Safe Crossings Missed 237** 009
Falls 291%# .002
Processing Speed -341%% <.001
Choice Reaction Time 213% 032

-.187* .039

Spatial Working Memory

*= Significant at .05 level **=Sjgnificant at .01 level * R2= R? change

154



5.5 Hypothesis & Mobility (including previous falls and pedestrian behaviour), cognition
and quality of life measures (including fear of falling) will have a strong linear relationship
with life space mobility

A stepwisC regression was conducted to determine the predictors of lifc space mobility. The

following variables were entercd: age, gender, previous falls, walking spced, mobility score, sit-
to-stand, perturbation average (transformed), perturbation coefficicnt of variance (transformed),
processing speed (transformed), divided attention (transformed), sclective attention, spatial
planning, spatial working memory, updating, set shifting (transformed), inhibition, reaction time
(transformed), within participant variability (transformed), start-up delay avcrage, start-up dclay
cocfficient of variance, proportion unsafe pedestrian crossings made (transformed), proportion
safc pedestrian crossings missed, fear of falling, loneliness score, total communication , and total
close community. Total communication consisted of the frequency in which participants werc in
contact with friends and family, and total close community was the sum of closc friends and

family they reported to have. The stepwise regression produced can be seen in Table 14.

The whole model was significant (F (3, 54) =7.550, p=<.001) and explaincd 30.8% of the
variance. Each individual step significantly contributed to explaining life space mobility variancc:
total communication F (1, 53) =6.625, p=.013; proportion safc crossings missed F (1, 52) =6.212,
p=016 and additional 9.5%, mobility score F (1, 51) =7.479, p=.009). In addition, all three

predictors were found to be significant throughout (Table 14). These results partially support the

above hypothesis as mobility, pedestrian behaviour, and social network, but not cognition were

predictive of life space mobility.
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Table 14- predictive Contribution of each Step in explaining Life Space Mobility

~odel Steps Variable R2 R Bet S
| Spatial Network Total Communication J11* 111* 333+ o2
) Pedestrian Total Com.munication 206%* 095% 330%% 008
belmt'i()l”' Safe Crossings Missed 308* 016
3 Mobility Total Communication 308%* 102%* 407¥* 001
Safe Crossings Missed 409%* 002
Mobility Score 341 %% :005

*= Significant at .05 level **=Significant at .01 level » R>= R? change

5.3.6 Hypothesis 5- Mobility, cognition, fear of falling and life space mobility will have a
strong linear relationship with quality of life score
To answer the above hypothesis regarding the predictive contributions of mobility, cognition, fear

of falling, and lifc space mobility to quality of life, a stepwise regression was conducted. The
following variables were entered: age, gender, previous falls, walking speed, mobility score, sit-
fo-stand, perturbation average (transformed), perturbation coefficient of variance (transformed),

processing speed (transformed), divided attention (transformed), selective attention, spatial

planning, spatial working memory, updating, sct shifting (transformed), inhibition, rcaction time

(transformed), within participant variability (transformed), start-up delay average, start-up delay

cocfficient of variance, proportion unsafc pedestrian crossings made (transformed), proportion

safe pedestrian crossings missed, fear of falling, life space mobility, loneliness score, total

communication , total close community, and percceived life space difficulty. The steps produced

can be seen in Table 15.

The total model was found to be significant (F (5, 49) =9.243, p=<.001) in predicting quality of

life and explaincd 48.5% of quality of lifc variance. Total close community alone predicted

23.5% of quality of life (Table 15). All five steps were significant contributors (Table 15). These

resulis p artially support the above hypothesis as mobility (including pedestrian behaviour),
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cognition and social networks, but not fear of falling and life spacc mobility predicts reduced

quality of life.

Table 15- Predictive Contribution of each Step in explaining Quality of Life

Viodel Steps Variable R2 AR2 Beta Siz
15})0“-[1/ Nenwork Total Communication 235%% 235k 485%% <001
2 Mobility Total Communication 321%* .086* 478 <001
: ) Sit-to—Stand =204%* 013
3 Cognition Total Communication 387** .065* 479 <001
) Sit-to-Stand _A44%% 001
Choice Reaction Time 287* 024
4 Pedestrian Total Communication 438%* 052% 4845 <001
Behaviour Sit-to-Stand - 40TH* 00]
Choice Reaction Time 312% 012
Safe Crossings Missed 230% .037
S Visual Attention Total Communication 485+ 047* A487H* <.001
Sit-to-Stand -.407 00 1**
Choice Reaction Time 377%* .003
Safe Crossings Missed 237* 027
Processing Speed -226% .039

*= Significant at .05 level **=Significant at .01 level * R*= R? change

5.3.7 Hypothesis 6- Mobility, cognition and quality of life measures (specifically fear of
falling) will have a strong linear relationship with previous falls
Previously in Chapter 3, set shifting and perturbation average were individually predictive of

reported falls within the last year, but the entirc model was not found to be significant suggesting

that mobility and cognition alone were not predictive of falls. A stepwisc logistic regression was

performed including both sct shifting (transformed) and perturbation average (transformed) along

with fear of falling to asscss whether the addition of fear of falling would produce a significant

predictive model of the likclihood that a participant would report a fall. The stepwise regression

r _ .
produced one step, perturbation average.
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The full model containing perturbation average was still not found to be significant (3> (7)
4472, p:.724) in distinguishing between fallers and non-fallers. The model as a whole
explained between 8.0% (Cox & Snell R square) and 13.2% (Nagelkerke R square) of fall
variance (Table 16). The model, however, was able to correctly classified 82.1% of cases before
cven cntering perturbation average. As shown in Table 16, perturbation average was a significant
independent predictor of the presence of falls. Thesc results do not support the notion that

mobility, cognition, and fear of falling are predictive in distinguishing between previous fallers

and non-fallers.

Table 16- Predictive Contribution of each Step in explaining Fall variance

Variable R? Wald Sig. Exp (B)

.080-.132
Perturbation Average 4.408 .036 24214

*=Significant at .05 level **=Significant at.01 level

54 Discussion
The aim of this chapter was to examine the role of mobility and cognition on fear of falling (FOF)

and life space mobility; also to uncover the role of mobility, cognition, life spacc mobility and

fear of falling on quality of life measurcs. The implications of these findings could be to employ

prevention and intervention and encourage active mobility so as to avoid further frailty.

Fear of falling was related to and predicted by a combination of mobility ability (previous falls,

Sit-to-stand, and pedestrian anxicty) and cognitive deficits (spatial working memory, choicc

L . . M M (- r
fCaction time, and processing speed) and explained 68.1% of fear of falling variance. However,

mobility alone (including sit-to-stand, mobility scorc, safc crossings misscd, and falls) predicted

: _ , , - ; at ace-rclated walkin
60.6% of the variance. This supports Maki (1997)’s findings suggesting that age rclate g
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decline has a role in fear of falling, and also previous literature reporting a fear of falling after
cxperiencing fall (Niino, ct al., 2000; Howland, ctal., 1998). Further, thesc results support
prcviOUS literature indicating the role of reaction time and reduced processing speed was linked to
the occurrence of a fear of falling (O’Halloran, et al., 2011) and exccutive functions (Schott,

2014) with increasing age. However, no rclationships were found with balance, or road crossing
behaviour other than in terms of missing safc pedestrian crossings, unlike findings by Berg ct al.
(1992) and Avineri, et al. (2012) respectively. These results suggest that a combination of general

falls and increasing frailty, and to a lcsser degree cognition, arc important for the onset of a fear

of falling in older adults.

Life space mobility, on the other hand, was not found to be linked to cognition at all,

contradicting studics by Sartori, ct al. (2011). Instead life space mobility was predicted by anxiety
at the road side (proportion safe crossing gaps missed), and total number of close family and
friends (supporting Rantakokko, et al., 2010), and self-reported mobility score, and explained
30.8% of life space mobility. Total number of persons in an individual’s close social nctwork

alone predicted 11.1% of life space mobility variance. Thesc findings suggest that having a larger

social circle, less anxiety at the roadside, and good gencral mobility have a positive impact on the

distance travelled on a regular basis in older adults.

Quality of lifc was not linked to fear of falling (contradicting Li ctal, 2003), and life space

mobility (contradictin g Rantakokko, ct al., 2010). Instcad, quality of life was found to be

predicted by mobility (sit-to-stand times and safe pedestrian crossings missed), cognition (slowed

R . : > sioni tin
eaction time and processing speed), and close community, and combined were significan

Splaining 48 5%, of quality of lifc variancc in this sample. Therefore, it could be inferred that
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aining t0 improve mobility, cognition, and increasing social networks could help improve

quality of life with advancing age.

Mobility score was found to be predictive of fear of falling and life space mobility which would
indicate that fear and restricted lifc space is linked to an awarencss of their changing mobility
ability. This could be uscful in identifying the target population in necd of intervention. The
pcrceivcd mobility questionnaire, however, only used only covered a small number of statements
regarding casc of being able to take the stairs, the ability to walk half a mile, and the presence of
any ailment that may impact on walking. Also this measure allowed for ceiling cffects and so
some of the fluidity in normal mobility performance may have been lost, particularly with a
smaller sample sizc. Future rescarch may benefit from exploring each statement separately and/or
in more detail, and recruit a larger number of participants, as this may have implications for

treatment and prevention.

These findings also suggest that the total close community is important in maintaining activity

levels, and thus preventing frailty and increasing quality of life. However, these results do not

indicate whether the reduced life space mobility or the reduced social circle was present first. In

identifying the direction of this relationship, it may help in providing an intervention and prevent

reduced life spacc and quality of life.

. . no 1alit
Procc:SSmg speed and reaction time was also a comnion component of fear of falling and quality

" of some types of unsafc pedestrian

ife. These measures were also identified as predictors

eroce: _ o ‘ impacting on
108sings (near-side unsafc), and thus suggests that global slowing 1s negatively impacting
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qeveral aspects of older adults life and quality of life. In preventing a declinc in processing speed

and general frailty, this could have a wide ranging positive benefit for older adults.

To conclude, perceived mobility ability along with a fall within the past year was at Icast partially
responsible for a fear of falling in this participant sample. Further, it was general anxiety in one’s
mobility ability rather than fear of falling, and a reduced social circle that restricted life space.
These results have implications for prediction, prevention, and treatment. In addition, they

demonstrate that both issues are very separate entities, and as such require different strategics.

Falls and quality of life still requires further explanation.
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60verall Discussion

This thesis investigated the question ‘what is the relationship between cognitive and

ncuropsychological markers, and the ability to adapt to mobility changes in older age?” In order

to achicve this, a serics of studies were conducted with a participant samplc aged 45-88 years.

Table 17 summariscs the findings from each cxperiment in this thesis and comments on the

qucstion examined in each.

Table 17- Overall Thesis Results and Discussion

CTaptEr—‘ Study
Number | Title

Results

Conclusions

2
Examining links
between

cognitive

markers,
movement
initiation &
change, and
pedestrian safety
inolder adults

3
Idcntifying
prcdiCtOl‘S of

Walking speed
and fa]]

Prevalence i
older adults

i \

An age effect was found whereby older
adults made more far-side unsafe crossing
crrors than ncar-side unsafe crossing
CITOTS.

49.4% of near-side unsafe crossing error
was predicted by processing speed,
walking speed, and start-up delay
variability. Start-up delay variability alonc
predicted 38.2% of near-side error
variance.

54.8% of far-sidc unsafe crossing error
was predicted by spatial planning, walking
speed, start-up delay average, and start-up
delay variability. Walking spced alone
predicted 41.4% of the variance.

Start-up delay was predicted by walking
speed only, and explained 30.5% of start-
up delay variance.

Agc was found to be related to walking
spced but not recent falls this samplc.

Walking spced was predicted by sclf-rated
mobility score, sit-to-stand times, start-up
dclay average, and within participant
variability. These variables explained
53.2% of walking speed variance. Mobility
scorc alonc predicted 31.9% of walking
speed.

L
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Different cognitive measures arc
employed and required dependent on the
side of the road being crossed. These
measures could be uscful in providing
personalised prediction and treatment
plans.

Walking speed is both a direct and
indirect component of unsafe crossing
behaviour, and a consistent predictor.
This is a quick and cost-effective test and
has the potential to be predicted and
rchabilitated. Further research into the
components of walking spced could be
beneficial for preventing all types of
unsafc pedestrian crossings.

Older adults may be sclf-awarc In terms
of their changing mobility status as sclf-
reported mobility score was highly
predictive of walking speed. This cquld
be uscful in identifying and preventing
unsafc pedestrian crossings, falls, and

further frailty.

Physical frailty along with cognitive
within participant variability and start-up
delay arc predictive of walking speed. It




The model for fall history was not found to
be significant. However, the variables
identified as important in the stepwisc
logistic regression werc set shifting and
perturbation average. Walking speed was
found to be related to but not predictive of
fall history in this sample.

1s unclear, however, what comes first out

of reduced walking speed and increased
start-up delay.

Falls can be partially explained by an
inability to switch attention when
necessary, such as attending to
recovering balance. Further rescarch into
falls is required to create a better and
significant understanding of fall
occurrence.

Age-related changes but not necessarily
age is linked to reduced walking speed
and the presence of falls.

4
Docs Beta Power
Change Influence
Motor Initiation
and Crossing
Ability with Age?

Thosc with a greater number of frogger
crrors (onc lanc traffic computer task)
displayed a greater beta rebound post
movement. Other participant groupings did
not find significant differences in either
prec-movement or post-movement beta
power activity.

Younger adults, participants with lower
proportion frogger errors, and with faster
processing speed scores demonstrated the
expected hemispheric laterality in the
contralateral hemisphere. Hemispheric
plasticity was observed in older adults,
people with higher proportion frogger
errors, and slower processing speed
whereby they demonstrated hemispheric
bilaterality.

The opposite pattern was found for far-side
pedestrian errors, less variable start-up
delay, and walking speed whereby
participants performing worse
demonstrated laterality and the high
performance groups showing bilaterality.

Start-up dclay average and spatial planning
showed that both performance groups
demonstrated bilaterality.
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Consistent with previous literature,
increased age and reduced processing
speed was linked to increasing reliance
on both the contralateral and ipsilateral
hemispheres.

This proof of concept study found that
despite the behavioural ceiling effect in
the frogger task, differences werc found
in the beta power signatures. These
potential biological indicators were found
in post-movement recovery and in
hemispheric symmetry. This suggests
that the frogger task is a suitable test for
detecting biological indicators for unsafc
pedestrian crrors.

The reversc pattern of hemispheric
laterality between frogger errors and
processing speed (a near-side crror
predictor) compared with proportion of
far-side unsafe crossings and some
Chapter 2 pedestrian predictors may be as
a result of different lanc crossing
judgements. If this be the casc, this could
significant in predicting, preventing, and
treating at risk older adults.




I

%hc elationship
petween feaf of
falling and 1¥fc
space moblhty
with cognitive
and mobility
Measures, life
space, activity
awoidance, and
quality of life in
older adults

Fcar of falling was predicted by both
cognition (processing specd, reaction time,
and spatial working memory) and mobility
(falls and self-reported mobility). In
addition anxicty at the roadsidc (safe
crossings misscd) also predicted fear of
falling.

Fear of falling, however, did not
significantly predict fall history.

Lifc space mobility was mainly influenced
by mobility (self-rated mobility score) and
social networks.

Social networks, anxiety at the roadside,
mobility (sit-to-stand), and cognition
(processing speed and reaction time)
predicted quality of life.

Age was not found to be related to fear of
falling, life space mobility, or quality of
life. Men reported a higher quality of life
compared to women.

Being awarc of mobility changes (self-
rated mobility score) was linked to a fear
of falling and reduced life space arca
travelled on a regular basis. However, it
was frailty (sit-to-stand) that reduced
quality of lifc.

Processing speed, a predictor of near-side
crossing errors in Chapter 2, has been
identified yet again as a predictor of morc
negative factors associated with ageing.
This could suggest that testing for
changes and training visual attcntion may
have multiple positive benefits for older
adults.

Providing mobility training in arcas such
as walking specd (sclf-rated mobility
score includes items regarding difficulty
walking), and sit-to-stand, along with
increasing social networks may have a
positive impact on confidence and
wellbeing in older adults.

6.1 Links between cognitive markers, movement initiation & change, and pedestrian safety
in older adults
Pedestrian fatality statistics indicate that older adults are morc likely to be involved in a

pedestrian collision at the far-side of the road (see Chapter 2 for a review). Previous rescarch has
not studied lanc specific errors separately despite previous rescarch and pedestrian fatality
Satistics suggesting that there may be differing processes in near-side and far-side crossing

trrors. Chapter 2 dircetly tested this assumption. These potential differing processes were

hypothesised to be attentional measurcs (visual attention and within participant variability) &

, . acuti i ich
balance affecting ncar-side crrors, and walking speed, start-up delay & cxecutive functions st

% Spatial planning affecting far side errors (sec Chapter 7 for a review of the literature). The firs

“tperimental chapter (Chapter 2) examined the extent to which mobility, motor initiation, and

“gnitive function predicted pedestrian collisions, particularly identifying differential

relati . X i i ..
Alouships with near-side and far-side pedestrian collisions.
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Altrough ag¢ > not found to be a significant predictor of lane specific crrors, an age effect was

found with older adults making morc far-side unsafc crossing errors than near-sidc unsafe

crossing €ITors. This is consistent with fatality statistics (Fontaine & Gourlet, 1997; Oxley, ct al,
[997) and previous rescarch using a simulated pedestrian environment (Dommes & Cavallo, ct al,
2014), thus suggesting that this sample is representative of the targeted population cohort.

Further, as agc increascd from middle age, the proportion of total unsafe crossings also increascd.
Gender was also found to be related to, but not predictive of, pedestrian errors with women being
more likely to make more total and near-side errors than men. This gender difference could be as
aresult of differing amounts of driving experience between men and women as previously found
by Holland & Hill (2010). Driving experience was not measured in this sample, however, and
may be uscful to include in future research to determine whether it is indecd increased familiarity
with road navigation that is contributing towards gender differences in pedestrian crossing

judgments.

Lane specific processes were found for cognition only. Cognition differentially predicted

pedestrian lane crrors with effective visual attention (processing speed) being implicated as

mportant for safe ncar-side pedestrian crossings, and spatial planning being important for far-

side pedestrian crossings. These findings support the notion that reduced attentional capacity can

lead to difficultics at the ncar-side of the road, whereas an inability to cffectively plan can lead to

errors at the far-side of the road. The role of visual attention has previously been found in total

o lane specific divide) unsafe crossing (Dommes, Cavallo, & Oxley, 2013: Dommes & Cavallo,

2011) but these results demonstrate that processing speed 18 specific for the ncar-side of the road.

' I . . . N . . SITOTS
Spitial planning has not previously been dircetly investigated mn terms of road crossing €rrors,

) a onc lanc simulated road environment

ther inaf 11 ¢ . .
tJustthe influence of car speed and distance 1
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(Lobjois & Cavallo, 2007). This 1s the first study to dircctly test and demonstrate that spatial

planniﬂg s important in navigating two lanes of traffic.

Mobility and motor initiation, on the other hand, were consistent predictors for both near-side and
far-side unsafe crossings. When start-up delay was cxamined independently, walking speed was
found to be the solc predictor. This implics that walking speed has a both a direct and indirect
impact on unsafc pedestrian crossings. This could imply that physical frailty may be an important
predictor, not just of fatality in any given collision, but also of the likelihood of those collisions
occurring in the first place. As this is a common predictor of all types of unsafc crossings and also
start-up delay (another consistent factor in unsafe crossings), this could make further rescarch

into walking speed beneficial. Further research into walking speed was conducted in Chapter 3.

The implications of this study are that a safe crossing gap may not be safe even before older
adults begin to cross due to ineffective spatial planning. This may be as a result of cither

underestimating onc’s own changed walking speed (Holland & Hill, 2010) or not being awarc of

aslowing in motor initiation, or due to reduced attentional resources being available to such

perform exceutive functions. Once a crossing gap has been chosen, it may not be safely

completed duc to expericneing a longer delay in beginning to walk which could make crossing

Within the allotted time cven less possible. Further, older adults walking speeds are slower thus

Mmeaning that they may not be able to compensate, i.c. walk faster, for planning crrors and start-up

“ risk from reaching the midscction of the

4ys. Also, an attentional lapse may prevent those at

T . : " n
02d. These mcasurcs, however, have the potential to be remediated. Speed of processing

ining, for example, has previously been found to improve all three subtests of the UFOV,

inst cc for at lcast two ycars

mental activities of daily living, and safer driving performan
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fierwards (Ball, Edwards, & Ross, 2007), and so may help prevent near-side unsafe crossings.
Further, exceutive function planning training in tasks such as the modified Craik & Bialystok
preakfast cooking task (Wang, Chang, & Su, 2011), has previously been found to increase
p]almillg performance, prospective memory, updating ability, and sct shifting ability in older
adults compared to the control group. Perceptual training has been found to reduce start-up delay
in children (Thomson, Tolmic, Foot, Whelan, Sarvary, & Morrison, 2005) and may be
generalised to adults. Walking spced has also previously been found to be remedied by a
combination of resistancc and balance training (Cadore, Rodniguez-Maﬁas, Sinclair, &

Izquierdo, 2012). This is a positive outcome for the prediction, prevention, and remediation of

unsafe crossings in older adults.

6.2 Predictors of walking speed and fall prevalence in older adults

Walking speed was a salient mobility predictor of unsafe pedestrian crossings and start-up delay
in Chapter 2. In addition, falls are very prevalent with increasing age and have scrious impacts on
older adults. Emerging research has linked attentional within participant variability with falls and

walking speed (scc Chapter 3 for a review), although results in the literature have been

inconsistent to date for walking speed, with significant relationships currently only being found in

half of the rescarch studies published. Further, spatial planning and spatial working memory had

not been investigated with regards to relationships with walking speed and falls despite similar

Spatial abilitics being linked to decline in other mobility facets, such as balance (sec Chapter 3).

This chapter cxamined whether walkin g speed reduction and fall prevalence was a result of

physical frailty and slowed motor initiation or cogmtive impairment or a combination of all three
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The presence of sclf-reported mobility scorc as a predictor of walking spced may indicate that

participﬂms arc aware of a change in their casc of walking and mobility. This measure asked

participams if they can walk quarter mile, if they have difficulty using the stairs, and whether

they have any illness/injury which affects their walking. Additionally, with the presence of sit-to-

¢tand times as a predictor of walking spced, it could imply that slowed walking speed may be
partially caused by frailty duc to reduced lower extremity strength (sit-to-stand times). This is a
concern if it is frail older adults (due to reduced walking speed) that are more likely to make an
incorrect pedestrian crossing judgement (findings in Chapter 2). However, it is promising that
hese older adults at risk may be aware of a change in their mobility capabilitics which could have

a positive impact on potential future intervention measures by identifying the target population.

In addition to an incrcasing frailty (as asscssed by sit-to-stand), within participant variability and

start-up delay were also found to be important components of walking speed suggesting that

cognition is also an important component in reduced walking speed. Spatial planning and spatial

working memory were not found to be a significant predictor of walking specd, however.

Therefore, these results show that it is a combination of mobility decline, motor initiation, and

cognition (namely variable attentional resources) that contribute towards slowed walking specd.

With previous studics referring to walking speed as a sign of frailty (scc Chapter 2 for a review),

these results could suggest that “cognitive frailty’ may also be a risk t00.

Howcvcl-’ start-up dclay is predicted by walking speed, and walking specd can be partially

predicted by start-up delay. This circular finding raiscs questions regarding whether reduced

Walki o < fir ible that
lking speed or an increased delay in beginning to walk occurs first. It may be possible the

: 4 examined
People have 4 slowed/changed initiation cven scparatc from walking speed. Chapter é
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neurollal and hemispheric power during a computer based road crossing judgment task. Neuronal

and hemisphcric activation was then comparcd between proportions of unsafc Crossing crrors
made and also between people with different pedestrian predictor performance (people stratified

by their performance on pedestrian crossings tasks), which included start-up delay and walking

speed.

The same variables of physical, start-up delay, and cognitive predictors of falls werc cxamined as
with walking speed. Unlike walking speed, start-up delay was not found to be predictive of recent
fall history. In addition, different cognitive and mobility measures were identified as important in
predicting falls compared to walking speed. Previous falls were instead predicted by set shifting
ability and perturbation average. These results suggest that a difficulty in diverting attention to
relevant information in combination with a difficulty in compensating for an offset in balance are
important components of falls. Although not predictive of falls, walking speed was significantly
correlated to recent fall history. Remediation training for walking speed (combination of

resistance and balance training, Cadore, Rodriiguez-Maiias, Sinclair, & Izquierdo, 2012) can also
improve balance ability. Further, executive function planning training in tasks such as the

modified Craik & Bialystok breakfast cooking task (Wang, Chang, & Su, 2011), has been found

1o Improve sct shifting ability. Thercfore, in predicting and training unsafe pedestrian crossing

behaviour, it may also havc a beneficial impact on preventing falls, and vice versa. However,

despite thesc significant independent predictors this model was not found to be significant n

predicting whether a person will have fall or not. Thercfore, further research into what predicts

h at being fearful of falling can contributc towards

Is i . )
$1srequired. Previous rescarch has found th

future fa]]g (de Vrics, Pecters, Lips, & Decg, 2013; Delbacre, Closc, Heim, ¢t al., 2010;

H ve modecl for

adjism"mP()UlOS, Martin, Sharpe, ct al., 2007) and as such may make the predicti
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falls significant. Chapter 5 examined whether fear of falling along with perturbation average and

ot shifting ability could produce a predictive model for falls.

63 Beta power’s influence on motor control and crossing ability in older adults
Study number 3 (Chapter 4) was a proof of concept study to examine whether pedestrian

planning using a computer based test, and variables identified as important in unsafe pedestrian

crossings in Chapter 2 (walking specd, start-up dclay average & variability, processing speed, and
spatial planning) would exhibit reliable biological indicators. It has been hypothesised that unsafe
pedestrian crossings in older adults may be as a result of maladaptive neuronal and functional
changes in the right hemisphere and thus may affect the processing of the left half of their
environment (Foerch & Steinmetz, 2009). Further, adults with Parkinson’s disease have been
found to make unsafe crossing decisions (Lin, Ou, Wu, & Liu, 2013) and Parkinson’s discase has
been linked to an increased pre-movement beta desynchronisation and reduced post-movement
beta rebound (Sce Chapter 4). With this in mind, considering similar changes in beta power
activity pre-and post-movement with age, then similar maladaptive activation with unsafe

crossing choices may be detected in older adults also.

Consistent with previous research, age-related changes with age were found in hemispheric

activation. That is, both hemispheres were employed to perform the computerised frogger road

tossing task in older adults, but cxpected hemispheric Jaterality was used in younger adults. No

ifferonces were found, however, in pre- and post-movement beta power activity between

younger and older adults, contrary to (scc Chapter 4). This lack of distinct pre-and post-

176 requiri goc division
Movement beta power activity may be as a result of small sample sizes requiring an age di

of 6Syears - .
years and under for the younger sample.
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The computer based frogger crossing task was successful in producing distinct hemispheric

jifferences between performance groups with those with a lower proportion of frogger crrors

jemonstrating hemispheric laterality, and those produced a higher proportion of frogger errors

employing both hemispheres. These findings were observed despite a near ceiling effeet for

frogger performance. This could mecan that reduced attentional resources are available to those

making more errors (particularly at the near-side of the road as this task only employed onc lane

of ‘traffic’) and thus additional regions are being recruited to perform similarly. In addition, the
frogger crossing task was also able to demonstrate a difference in post-movement beta rebound
hetween groups, whereby those making more errors producing a higher beta rebound. This could
nean that there is a longer time to ‘recover” and reach beta baseline power to initiate movement
again. However, significant differences were not found between frogger performance groups for
desynchronisation in this sample, and none of the other Chapter 2 pedestrian predictors
demonstrated a difference in desynchronisation or beta rebound power. Future rescarch could
reduce the rest time in between trials to examine whether beta power ‘recovery’ time is a factor in
motor initiation and pedestrian errors. Also, larger sample sizes that have been divided into

distinct movement and pedestrian performance groups may be able to obscrve such differences in

pre-and post-movement beta power activity.

unsafe

! ¢ lateralisation pattern can be found for far-side

nterestingly, an opposite hemispheri

crossing errors (data taken from Chapter 2). Instead of those who made a lower proportion of

unsafe far-side crossing crrors cmploying mainly the contralateral hemisphere like with those

' : - : hose
making a lower proportion of frogger crrors, both hemispheres were cmployed. Further, thos

: : . . - ispheric
Who made 4 | gher proportion of unsafe far-sidc crossing Crrors demonstrated hemispie

ot 1 . . | .. . i
bilate ality. This could suggest that those making more far-side crrors arc transitioning to frailty

angd ¢ . : i forming
s yot have not begun to recruit additional neural networks to continue per S
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cognitiVCly demanding tasks, such as crossing the road. These findings may suggest that different
heta power and hemispheric signaturcs are involved in near-side and far-sidc unsafe crossings,
along with different cognitive functions (processing speed for near-side and spatial planning for
far-side erTors, Chapter 2). In support of this, differences in hemispheric lateralisation were also
found for processing speed, whereby those with faster processing speed inspection times
prcdominately used the contralateral hemisphere, whereas slower processing speed was linked to
hemispheric bilaterality. Processing spced was found to be predictive of crrors at the near-side of
the road, and followed similar patterns to the frogger task which only used one lane of traffic.
These results suggest that both hemispheres may be required in order to perform well in two-lanc

road crossing judgements. Further rescarch with two lanes of traffic in the frogger task may help

determine whether thesc arc indeed different beta power signatures for different lanes of traffic.

In Chapter 3, there was a circular relationship whereby start-up delay was predictive of and
predicted by walking speed and so raising the question as to what may be present first. When
participants werc divided into groups on the basis of start-up delay, there was no difference
between the groups in hemispheric latcralisation suggesting that both groups werce cqually using

both hemispheres. Walking speed, on the other hand, found that faster walkers recruited both

hemispheres whercas slower walkers were still mainly using the contralateral hemisphere. This

could suggest that pcople with slower start-up delay average groups were beginning to adapt to

reduced attentional resources by recruiting both hemispheres before walking speed fully adapted

and therefore could go somc way towards determining whether increasing start-up delay or

Slowed walking speed occurs first (circular finding discovered in Chapter 2 and 3).
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overall, these results in Chapter 4 suggest that a rcliable biological indicator may be present for
unsafe crossing behaviour. However, with such a small sample size, and as the computer crossing

sk only displaycd a simple onc lanc crossing scenario, further research is necded with a

wlection of computer bascd onc and two lanc roads to determine if this could aid in predicting

and preventing unsafe crossing errors.

6.4 Predictors of fear of falling, life space mobility, and quality of life measures in older

adults
In addition to injury and mortality, changes in mobility can also have an impact on morbidity and

gencral well-being in older adults (sce Chapter 5). This in turn can have a negative impact on
mobility as it could increase frailty in older adults (see Chapter 5). Further, the model employed
to predict falls in Chapter 3 was not found to be significant and previous research has linked fear
of falling and reduced mobility (sec Chapter 5) with increasing falls. Therefore, fear of falling

and life space mobility, along with set shifting and perturbation ability may produce a predictive
model of falls occurring. To date, no significant body of work has combined behavioural methods
with relevant neuropsychological features such as motor initiation with quality of life, and fecar of

falling measures.

Results demonstrated that both those fearful of falling and with reduced life spacc mobility were

aware of mobility changes (sclf-reported mobility scorc). This could be beneficial in identifying

f} Ity declinc.

105¢ at risk of reducing their daily activitics and thus increasing the risk of further frai

Faar of falling was found to be predicted by both cognition and mobility (including previous falls

and caution at (he roadside). Walking speed was significantly correlated with but was not

e Sy - ine s which has
Predictive of fear of falling. The cognitive measures identified were processing speed, @

been | ispheric beta power
ninked (o unsafe near-side crossings in Chapter 2 and changed hemisp p
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signalurcs in Chapter 4, along with reaction time and a sub-executive function spatial working
1CmOrY- Therefore, in training for processing specd and spatial ability, it may reducc fear of

plling as well as unsafc crossings with increasing age. To date, interventions for fear of falling

jas mainly focused on increasing mobility measures only, such as balance and walking speed (see

Chapter 5)-

Life space mobility, on the other hand, was mainly predicted by mobility (sclf-reported mobility)
and social networks. It is unclear whether reduccd life space mobility was the cause of a reduced
social network or whether a reduced social network reduced the life space area inhabited. Future

rescarch could perhaps disentangle this relationship to direct interventions.

Despite significant corrclations between quality of life with fear of falling and life spacc mobility,
these measures were not predictive of quality of life. Instead, quality of life was predicted by
frailty (i.c. sit-to-stand times), cognition (processing speed, and reaction time), social networks,
and caution at the roadside (proportion of safe pedestrian crossings missed determined by their
walking speed). Increasing mobility and slower visual attention (processing speed) inspection
times may in fact increase quality of life, as well as reduce fear of falling, unsafe crossings, and

mobility declinc.

These results arc promising in terms of increased number of social groups Or social interventions

for older adults may be benceficial in reducing frailty duc to incrcased movement. In addition,

confi gaps) may be increasced with

dence at the road side (some adults missing safc crossing

INCrVenfimme ¢ - ifi i ited.
Lrventions for unsafe crossings in older adults, and thus increasc the life space inhab
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g5 Summary
walking speed was a consistent predictive component of ncar: i
- and far-side unsafi I
¢ pedestrian

cr0ssing behaviour and start-up dclay average with increasing age. Walking speed was al
as also

clated to but not predictive of fcar of falling. However, some i
5 of the items on the
sclf-reported

mobility score (that was predictive of fear of falling and life space mobility) included diffi
uded difficulty in

walking and 0 walking speed remediation training ma i
y also be beneficial in reduci
ucing fear of
falling and increasing lifc space mobility. Walkin
. g speed was not found to be link I
ed to quality of
life, instead a link was found with increasing frailty (sit-to-stand times). Resistance and bal
. : alance
raining to remediate walking speed, thercfore may also increase lower extremity strength and
: an

hus increase quality of lifc as well as reduce unsafe crossings, and increasc well being in older

adults.

Attentional within participant variability, and variability in start-up delay were found to be

predictive of walking speed and unsafe crossing behaviour (both near-side and far-side CITOrS)

respe 1 : . . . . .
pectively. This suggests that emerging research in this arca linking attentional variability and

mobilit indec : . SR s .
y may indeed be important in maintaming safe mobility and independence with increasing

age. Future resc . e :
csearch may benefit from determining whether remediation 1n attentional variability

or resistance . . ) ) . L
and balance training, or a combination of both is required for cffective remediation

for red :
uce . .
d walking spced and unsafe crossing behaviour.

Processi
essin : ‘ : , . T
g speed was found to be linked to ncar-side unsafc crossings, hemispheric activation

changes. f . -
ges, fear of falling, and reduced quality of lifc. Spatial planning Was predictive of unsafc

Crossip
gs at the far-side of the road, and spatial working memory was predictive of fear of falling.

I
f falling, unsafe

N trainj
ng tl , . ~ar
g these measures, it may help reduce the presence of falls and fcar 0
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gs, and frailty in older adults. Further rescarch into potential remedj

crossin ation programmes may

o uscful 10 identify the most cffective training task or tasks. In addition, futurc rescarch may

yencfit from examining beta power signatures with a larger participant samplc and further
ivestigations as to whether slowed motor initiation in older adults with higher unsafe crossing
decisions have other parkinsons rclated symptoms and therefore on to the medication suggestion.
A medication (such as Zolpidem, Hall et al., 2014) has been found to alleviate Parkinson’s

symptoms, and Parkinson’s has been linked to both unsafe crossings and difficulty in movement,

reatment may include medication in older adults that struggle the most.

Rehabilitation of walking speed may help improve start-up delay & reduce variability of start-up
fimes, reduce attentional lapses, and most importantly promote safer pedestrian crossings.
Emerging evidence confirms the influence of exercise interventions on such measures: in
systematic review by Hortobagyi, Lesinski, Gébler et al. (2015), resistance training, coordination
raining, and multimodal training, were found to each increase walking speed by a comparablc
amount in older adults over the ages of 65 years. Further, balance exercises have been found to
icrease walking speed, balance, reduce sit-to-stand times, falls and fear of falling in pre-frail
older adults (Arantes, Dias, Fonseca, et al., 2015). Future research may explore the impact of

physical training on road crossing accuracy, exploring relationships between attention variability,

motor control, and walking speed with pedestrian behaviour. Alternatively, another factor that has

notbeen explained or accounted for, that cannot be linked to age, may be present in this group

(¢.¢. modal mode of transport and driving history) which could be explored.

T _ ) . . . iffer in
he resultg suggest that lanc-specific unsafc pedestrian crossing crrors werc found to d

ermg of afc crossings being linked to

cognition and motor cortex activity, with ncar-side uns
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oural € ompensation methods (hemisphereic bilateralisati i
on). This thesis was unab

le to produce a

sjgniﬁcaﬂt model to predict falls, however, postural swa
, y was found to be im

portant. Overall, the

indings indicate that frailty (particularly walkin i
g speed or walking speed dj
peed difficulty), processin
; g

alient predictors of participant safety (mainly pedestrian crossing errors) and wellbei ith
clibeing wit

increasing age.
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Aston University

Aston Triangle

15" March 2012 Birmingham
B4 7ET
United Kingdom

Name & Address
Dear Name,

| am a research scientist based in the School of Life and Health Sciences and ARCHA at
Aston University, studying mobility changes in older age. One of our research teams, led
by Dr. Carol Holland, is looking at the influence of mental processes and brain activity on
the ability to adapt to mobility changes, for example in walking or crossing the road in a
safe indoor simulator, in adults aged 45-59, 60-74, 75+ years. | am contacting you as
you have expressed an interest in participating in future research studies with the
ARCHA group. | am in the process of recruiting volunteers to a study titled ‘What is the
relationship between cognitive and neuropsychological markers, and the ability to adapt
to mobility changes?’ and would like to know if you wish to take part. Anyone over the
age of 45 is welcome to participate. The details of the study can be found attached to

this letter.

Travel expenses (up to £7.50) can be reimbursed for this study. Times and dates can be

arranged at your convenience.

This study has received favourable opinion from the Aston University Research Ethics
Committee. All information gathered during the research study will remain anonymous

and kept in strict confidence.

v

Aston University

Content has been removed for copyright reasons
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Aston University

Berrrunghiam

PARTICIPANT INFORMATION SHEET

STUDY TITLE — ‘What is the relationship between cognitive and neuropsychological

markers and the ability to adapt to mobility changes in older age?’

WHY HAVE | BEEN INVITED?

You have been given this information because you expressed an interest in finding out
more about this work via Aston University’s website, advert or an ARCHA event you
attended.

WILL | BE ABLE TO PARTICIPATE?

Due to the nature of the study, individuals with a history of neurological problems such
as a stroke, or visual impairments that cannot be corrected with spectacles or contact

lens, such as tunnel vision, will not be able to take part.
WHAT IS THE STUDY?

The aim of the study is to see what the relationship is between mental processes and
brain activity with the ability to adapt to mobility changes in older age. Loss of mobility is
a major determinant of reduction in health and wellbeing in later life, linked with
depression and independence reduction. In adults aged 45+, a series of methods will
assess various aspects of movement initiation and adaptation along with a variety of

cognitive tests. This will be a one-time study with no follow up.
WHAT WILL | BE ASKED TO DO?
1. Questionnaire
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You will be asked to fill in a short questionnaire with some general information and some
details regarding your mobility. If there are any questions that you feel reluctant to
answer then please leave them blank. The questionnaire will take less than 2 minutes to

complete.

2. Cognitive Assessments

The cognitive assessments will be conducted using a touch screen computer (you don't
have to press a lot of keys!). This section will take approximately 1hr % to complete,
including time for your questions. Volunteers are welcome to ask for a break at any
point. The tasks should not be challenging, but we are expecting differences in

performance.

These tests will be assessing the following:
+ Aspects of Attention and Central Vision;
+ Aspects of Memory and Planning;
+ Reaction Speed and Processing Speed;
+ Learning and Rule change;
* Inhibition.
3. Mobility Tasks

For these tasks, you will have small, non-invasive markers placed on certain points of
your body over your clothes (such as shoulders, knees). The movement of the markers
will be recorded using motion capture cameras. For this, slight modest adjustment of
some clothing may need to be made. This section will take approximately 45 minutes to
complete. If you have difficulty in completing any of the mobility tasks, you can either do

a shortened version of the task or choose to miss it out.

* Time taken to get from a seated position to a standing position (completed 5 times);

* Normal Walking Speed test (walking twice along a 7m path);
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. Walking task where you will be required to stop, start, and turn when instructed

(completed 2 times each);

. Postural stability/Balance task where you will be given a gentle push in the back to offset
your balance (completed 3 times). There will be a couple of stable chairs positioned
carefully and a researcher to hold onto to regain your balance if necessary. This

procedure has been used before with no adverse effects.
4. Pedestrian Simulation

This consists of a short video of a road scene where you will be asked to indicate when
you would cross a road. You will need to stand to do this. This will take approximately 15

minutes to complete.
WHAT WILL YOU DO WITH MY INFORMATION?

When we have gathered all the information for all the people who take part in the study,
we will analyse the data to find out what predicts mobility difficulties with increasing age.
We will write articles for scientific journals and present the findings in other ways, such
as at conferences. In sharing this information it will not be possible for anyone to know

that any information is about you.
WHAT HAPPENS NEXT?

If you are interested in taking part or discussing this information, please contact us
(details are included in this sheet). If you decide to take part, we will conduct the data
gathering as outlined above. If you would like to take part, please read the consent form

that the researcher will give you then please complete the consent form and return to the

researcher.
WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?

We hope this study will uncover the mental processes that predict mobility changes with
the intention of trying to find a treatment for people who begin to have serious problems

with this in later life.

WHAT ARE THE RISKS OF TAKING PART?
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There may be a slight risk of losing balance and falling over in the mobility tasks.
However, there will be a couple of chairs and a sresearcher to hold onto if you feel like
you are about to fall. Alternatively, if you have difficulty in completing any of the mobility

tasks, you can either do a shortened version of the task or choose to miss it out.
WILL MY TAKING PART IN THE STUDY BE KEPT CONFIDENTIAL?

Data use and storage will comply by the standards of the Data Protection Act (1998). The
confidentiality of personal information and the anonymity of all volunteers involved in this

investigation will be preserved in the following way:

All responses will remain anonymous and confidential and your data will not be linked to
your name. You will be assigned with a participant code to ensure that information
cannot be linked back to you except by yourself and the researcher; this code can also

be used if you decide to withdraw your information after the study has finished.

Your questionnaire data will be kept in a secure place and your computer data will be
kept on a password protected computer. Only the researcher and supervisors will have

access to this data. The data will be destroyed within five years of competition.

WHAT IF THERE IS A PROBLEM AND WHO DO | CONTACT IF THERE IS? If you
have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions. If there are still any aspects
of the research that has been carried out that you are unhappy about, you are free to
contact the Secretary of Aston University Ethics Committee on email

j.g.walter@aston.ac.uk or telephone 0121 204 4869.

WHAT ABOUT IF | DON'T WANT TO PARTICIPATE?

Participation is entirely voluntary and you have the right to withdraw from the study at
any point without penalty. If you feel uncomfortable or decide not to carry on with the
study for any reason, you have the right to withdraw from the study at any time. If you do

decide to withdraw during the study, we will destroy any data collected up to that point.

If you decide afterwards that you choose to withdraw data, you can contact us with your
participant identification number and we can do this up to the point of data analysis is

commenced, that is two weeks after your participation. You do not need to give any
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reasons for this and there will be no adverse consequences. Contact details will be

provided in the debrief form once the study has been completed/terminated.

WHERE WILL THE ASSESSMENTS TAKE PLACE AND WILL | HAVE SOME
ASSISTANCE FOR TRAVEL EXPENSES?

The study will take place at Aston University in the Psychology laboratories (for which a

set rate of £7.50 travel expenses will be paid).

WHO HAS REVIEWED THE STUDY? All research in the University is looked at by an
independent group of people, called a Research Ethics Committee to protect your
safety, rights, wellbeing and dignity. This study has been reviewed and given favourable

opinion by Aston University Research Ethics Committee.
If you have difficulties understanding this sheet please ask for assistance
FURTHER INFORMATION AND CONTACT DETAILS -

For information about the research and to make appointments, contact: Miss Jennifer

Geraghty geraghti@aston.ac.uk.

If you have any further questions, you can also contact the supervisor, Dr. Carol Holland,
c.holland1@aston.ac.uk, 0121 204 4063.

Thank you for taking time to read about this study.

Carol Holland

Dr Carol Holland- Senior Lecturer, Deputy Director Aston Research Centre for Healthy

Ageing, Aston University

Jennifer Geraghty- Ph.D. Student, funded by Aston Research Centre for Healthy Ageing,
Aston University
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Aston University

Bermingh:am

THE CONSENT FORM (Participant Copy)

Participant |dentification Number for this study:

Title of Project: ‘What is the relationship between cognitive and
neuropsychological markers and the ability to adapt to
mobility changes in older age?’

Principal Investigator: Jennifer Geraghty email: geraghtj@aston.ac.uk

Main Supervisor: Dr Carol Holland email: c.holland1@aston.ac.uk

Associate Supervisors: Dr Kim Rochellie, Dr Stephen Hall, Prof. Paul Furlong

Please initial, rather than tick boxes

L]

L

1. 1 confirm that | have read and understand the information sheet dated ........ for
the above study. | have had the opportunity to consider the information, ask
questions and have had these answered satisfactorily.

2. | understand that my participation is voluntary and that | am free to withdraw at
any time during the study without giving any reason and without penalty. | also
understand that if | decide to withdraw my data after my participation | have 14
days to do so.

3. | understand that data collected during the study will only be looked at by the
principal investigator and named supervisors from Aston University. | give
permission for these individuals to have access to my data collected during the
study.

4. | understand that data use and storage will comply by the standards of the Data
Protection act (1998) whereby all my responses will remain anonymous and
confidential.

5. | understand the risks of the study and | am happy with the procedures in place
to reduce them.

D 6. | agree to take part in the above study.

Name of Participant Signature Date

Name of Investigator
Participant number:
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‘What is the relationship between cognitive and neuropsychological markers and

the ability to adapt to mobility changes in older age?’

Thank you for taking part in this study, your data will be kept anonymous and
confidential.

Mobility difficulties in older adults can lead to a reduction in health and psychological
well-being. The aim of the study is to see what the relationship is between mental
processes and brain activity with the ability to adapt to mobility changes in older age.

The movement assessments were looking at how able you are to perform various
movements involving balance and gait (the way you move). The computer tasks were
testing current cognitive processes which have been found to affect peoples’ ability to
initiate and change movement effectively in older age. The Pedestrian Simulation was
testing how well you were able to identify safe road crossing spaces and how effectively
these spaces were used in terms of how quickly movement was initiated and completed.

Please be aware that if you decide to withdraw data, you can contact us with your
participant identification number and we can do this up to the point of the data analysis is
commenced, that is two weeks after your participation. Any information you have shared
would then be destroyed. You do not need to give any explanation for this. If you would
like to do this, please contact myself, Jennifer Geraghty, at geraghtj@aston.ac.uk with your
participant code. Alternatively you can contact my main supervisor, Carol Holland, by
email at c.holland1@aston.ac.uk or by phone at 0121 204 4063.

If you have any further questions or concerns, please contact us in the first instance who
may advise you to contact your doctor. If you have any further concerns that have not
been satisfied by contacting myself or Dr. Carol Holland, please contact the Secretary of
the Ethics Committee, John Walters by email at j.g.walter@aston.ac.uk or by phone at

0121 204 4869.
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Aston Urnvarsily Elhics Commiltee
Asica Unversily

Aston Triangle

Birmingharm

f4 7ET

Telephane +44 (03121 204 3000
Fax +44 (01121 204 3595

Chairparson: s Nichola Scare
Sacretary: Mr John Walter

18" blay 2012

Jenniler Geraghty

Schiool of Lifa and Haalh Scisnces

Dear Jennifer

Study Title: Links between cognitive markers and movement inlliation and change
reguiremants

REC Roferonceo: Ethics Application 538

Protool Number:

Confirmation of ethical opinion

On behalf of the Commitlee. | am pleased 10 corfinm 2 favourable ethical opinion far the
above research on tha basis doscribod i the apslication form, protocol and supporting
documentation as revisad.

Tha project is approved until the complolion date specified on the form (September © 2014

proviced il is commenced within two years of tha date of this lefter and you are required to
notify the Comnuitas when the project is complated.

Approved documents

The final Fist of docurner?s reviewsd ang appeoved by the Commates s as follovs:

Decument | Veraion Date
Urivarsity Ethice Application Form . {Qne | DMR32012
 Risk Asgessment and Coniral Form One I R Tt
| Congard Form for Violuniears | One 1010372012
Participation Iformation Sheet One 01032012
| Conserd Form Paticipard Copy Two 1832012
Consent Forin Investigalor Gopy . Two J8inai2
| Participation Infarmation Sheat S [Twe . 18/03012
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Appendix 2- General Mobility Score Questionnaire

221



Participant Number .........cc.c.........

Demographic Questionnaire

Please answer in the space provided

1 What is your Age?

2 What is your Gender?

3 How many times have you fallen over within the
last 12 months?

Please tick the appropriate box

Yes

No

4 Canvyou walk a quarter of a mile?

5 Can you manage the stairs easily?

6a Do you have any illness or injury which may affect
your walking?

6b  Details?
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Appendix 3- MEG Study 3 Participant Information Sheets, Imaging Study Screening

Sheets, Consent Form, and Ethical Approval
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Aston University

Life & HealthSciences

th Aston Triangle
15" March 2012 Birmingham

B4 7ET

Name & Address United Kingdom

Dear Name,

| am a research scientist based in the School of Life and Health Sciences and ARCHA at
Aston University, studying mobility changes in older age. You recently took part in a
study titled ‘What is the relationship between cognitive and neuropsychological markers,
and the ability to adapt to mobility changes?’ and expressed an interest in participating in
future studies with the ARCHA group. | am writing to you to tell you about a new study
taking place exploring this relationship further and would like to know if you wish to take
part. Anyone over the age of 45 is welcome to participate. The study is titled
‘Investigating the relationship between brain waves, cognition, and motor control’, and
involves taking part in a few computer tasks whilst recording your brain activity. The
details of the study can be found attached to this letter. The study can include the use of
a drug named Zolpidem, at a dose much lower than would be prescribed by a doctor
(often for sleeping problems), however, this is NOT compulsory (a description of the
study without the drug is also included), so we would be very happy to hear from you
even if you wouldn’t want to take it

Travel expenses (up to £7.50) can be reimbursed for this study, with further expenses
arrangements if you take part in the longer zolpidem component. Times and dates can
be arranged at your convenience.

This study has received favourable opinion from the Aston University Research Ethics
Committee. All information gathered during the research study will remain anonymous
and kept in strict confidence.

v

Aston University

Content has been removed for copyright reasons




RESEARCH PARTICIPANT INFORMATION SHEET

Investigating the relationship between brain waves, cognition,
and motor control.

You are being invited to take part in a research project that will be conducted at Aston
University. Before you decide it is important for you to understand why the research is
being done and what it will involve. Please take time to read the following information
carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or if
you would like more information. Take time to decide whether or not you wish to take
part. Thank you for reading this

What is the purpose of the project?

Your brain works by means of tiny electrical signals, which are often called “brain waves” or
“brain activity”. A MEG system (MEG stands for Magnetoencephalography), can measure
brain activity and the scans produce an “activity map” of your brain. We plan to map your
brain activity in the primary motor cortex, responsible for movements, during simple motor
tasks, as part of a series of studies examining how control of movement may change with
increasing age. Understanding these processes in a range of people may help us understand
more about problems where movement becomes more difficult, such as in Parkinson’s
disease.

Why have | been chosen?

You have been asked to participate, as we require volunteers in the age range 45 — 80.

Do | have to take part?

You are under no obligation to take part in this study. If after reading this information sheet
and asking any additional questions, you do not feel comfortable taking part in the
experiment you do not have to. If you do decide to take part, you are free to withdraw from
the study at any point, without having to give a reason. If you do withdraw from the study
your personal data will be destroyed and, therefore, excluded from any of the results
reported. If you decide not to take part or withdraw from the study it will not affect the
standard of care you receive in any way, nor will it affect your relationship with any of the
staff at the Aston University.

What will happen to me if | decide to take part?

If you do decide to take part you will be asked to sign an informed consent form stating your
agreement to take part and you will be provided with a copy of this together with this
information sheet for your records. In addition to this you will be asked to read an
information sheet, and complete a copy of the MEG safety screen and a copy of the MRI
safety screen, which will confirm your eligibility to participate.
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Alcohol and caffeine have the ability to alter intrinsic brain rhythms; therefore it is
important that you refrain from consuming alcohol for 24 hours and caffeine (e.g. tea and
coffee) for 4 hours before MEG testing.

We will arrange for you to come to the Aston Brain Centre (ABC) situated at Aston
University for a recording session, which will last for approximately 3 hours. This will provide
enough time to fully explain the procedures, familiarise you with the MEG and MRI
equipment and conduct the experiment. During the experiment we will record a baseline
measure of resting brain activity before asking you to complete some simple tasks. If you
feel comfortable with the experiment you will be asked to participate in 1 MEG session and
1 MRI session.

It is important to note that you are free to stop participating at any time without providing
any advance notice nor an explanation.

What are the possible disadvantages and risks of taking part?

MEG and MRI involve the introduction and measurement of magnetic fields, which may be
incompatible with metallic objects and electrical devices. Therefore, with the exception of
dental fillings, any metal or electrical devices in your body that cannot be removed should
be discussed with the researcher(s) before each study. Also, if you are pregnant or think you
may be pregnant you must not take part in this study as the effects of magnetic fields are
not known on the developing baby. The MEG safety questionnaire will require you to
confirm this, please complete this honestly for your own safety. If you are uncertain of any
answers, please contact Dr. Emma Prokic via email: e.prokic@aston.ac.uk or telephone 0121
204 5247.

What are the possible benefits of taking part?

Although there are no direct benefits from the procedures we use, your data will be used to
help us determine whether there is a link between cognition, brain activity, and mobility
difficulties.

What if new information becomes available?

If any new information becomes available, and if this affects the study, you will be notified
immediately of any changes. You can then make an informed decision as to whether you

wish to continue with the study.
What happens when the research study stops?

All data is kept on a secure internal server with an anonymous participant number so there is
no identifying information tied to your results. Data will be analysed and kept for 7 years after

the study ends.
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Will my taking part in this project be kept confidential?

All information that is collected about you during the course of the research will be
anonymous and stored securely and with strict confidentiality.

What will happen to the results of the research project and how will participant
anonymity be protected?

All data collected during the course of the research will only be used for the purposes of the
study. We aim to publish the results of this study in a scientific journal. We may also present
the results at a scientific conference or a seminar in a university or publish results on our
website. It will not be possible to identify you in any report or publication. We would be
happy to discuss the results of the study with you and to send you a copy of the published
results.

Who has reviewed the project?

The principal investigators organising the study are Professor Paul Furlong, Dr Stephen Hall,
and Dr Carol Holland with Dr Emma Prokic, and Jennifer Geraghty as co-investigators. All
researchers are based in the School of Life and Health Sciences at Aston University. The
research study has been funded by the Aston Research Centre for Healthy Ageing (ARCHA)
and Parkinson’s Disease Society (PDS) and has been reviewed by Aston University’s Ethics
Committee.

Who do | Contact for further information or if something goes wrong?

If something goes wrong (i.e you are unable to attend a session) or if you require further
information on the study before taking part please feel free to contact Jennifer Geraghty via
geraghtj@aston.ac.uk or telephone 0121 204 4250. Alternatively, contact Dr. Prokic via
email: e.prokic@aston.ac.uk or telephone 0121 204 5247.

Who do | contact if | wish to make a complaint about the way in which the research is
conducted?

If you have any concerns about the way in which the study has been conducted, you should
contact the Secretary of the University Research Ethics Committee on j.g.walter@aston.ac.uk
or telephone 0121 2044665.
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Wy 1im . ST LTON TRUST LSBORATORY FOR AASG STUDHES
Aston University
Aston Bran CeaTRE

Screening Form for a MEG recording - Adult

The followrng section is to be fled in by the MEG investigator
Name of peracipsnt:

Tirne anc Bate of MEG scan:

Pririciaal MEG Approved User:

Brief description: of the study:

MEG lab mfersnce:

Tirme to complete the MEG recording:

The following questions are to be filled in by the particdpant.

The MES iz very serdf e 1o meats and we thersfors reed to sroune thet no mesal i teken nexr the ystem. Tre
irformesor: provided will be treatec 2 strctiy confderdisd 20d aill oe heid in securs conditoms F you s LTRse OF
ire snraario any of the quertors, panse 35 8 memoer of the 3ES naf.

Dzte of Birdh: Male/Femaie:
Aodress: Fame snd Address of GP:
Riznt or Left Handed: Glazses: Yez / HNo

Contact Lenzses: Yes ;o

Fiease provide Getatls of any metzd {ther than tooth
Fingzj that has been, or iz cumendy in your body ez
pacemakers, metal piates, surgica! dips. bone pins,
shrapnel escj.

Pleaze desaribe ary previous or currert newrolozicl
probiems?
Pease describe ary sursery that you have bad cove:

Please describe ary serious iliresses such as Heart Disease,
Dizbeses, Hizh Blood Pressure, Cancer, or Epilepsy?

Pease confrm that you have removerd st metst (e
jewetery, watches, be'ts etc)

To be Completed by the Partidpent
1 Fave reat snc urderstood the quessions sbove anc have snawered them correctly
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Aston University

MRI Information Form for Research Participants — Anatomical Imaging

These notes give some information about an MRI study in which you are invited to take part.

MRI is a method for producing images of the brain. It involves placing the participant inside a
large, powerful magnet, which forms part of thc brain scanner. Radiofrequency signals arc also
uscd as part of the imaging process.

As far as we know, this procedure poses no dircct health risks. However, the Department of
Health advises that certain people should NOT be scanned. Becausc the scanner magnet is very
powerful, it can interfere with heart pacemakers and clips or other metal items which have been
implanted into the body by a surgeon, or with body-piercing items. If you have had surgery
which may have involved the use of mctal items you should NOT takc part. Note that only
ferromagnetic materials (eg steel) are likely to cause significant problems. Thus normal dental
amalgam fillings do not prohibit you from being scanned, though a dental plate which contains
metal would do so, and you would be asked to remove it. You will be asked to remove metal
from your pockets (coins, keys, etc), remove articles of clothing which have metal fastencrs
(belts, bras, etc), as well as most jewellery. Watches and credit cards should not be taken into the
scanner since it can interfere with their operation. You will be asked to complcte a questionnaire
(the Initial Screening Form) which asks about these and other matters to determine whether it is
safe for you to be scanned. In addition, you are asked to give the name and address of your
Family Doctor. This is because there is a very small chance that the scan could reveal something
which required investigation by a doctor. If that happens, we would contact your doctor directly.
By signing the consent form, you authorise us to do this. You will also be asked to complcte a
second, shorter, screening form immediately before the scan.

To be scanned, you will lic on your back on a narrow bed on runners, on which you will be
movcd until your head is inside the magnet. The scanning process itself creates intermittent loud
noises, and you must wear car-plugs or sound-attenuating headphones. We are ablc to talk to you
while you are in the scanner through an intercom. If you are likely to become very uneasy in this
rclatively confined space (suffer from claustrophobia), you should NOT take part in the study. If
you do take part and this happens, you will be able to alert the staff by activating an alarm and
will then be removed from the scanner quickly. It is important that you keep your head as still as
possiblc during the scan, and to help you with this, your head will be partially restrained with
paddcd hcadrests. We shall ask you to relax your head and kecp it still for the period of the scan.
If this becomes unacceptably difficult or uncomfortable, you may demand to be removed from

the scanner.
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The whole procedure will typically take about 20 minutcs, plus another 15 minutes to discuss
with you the purposes of the study and answer any questions about it which you may raise. You
will be able to say that you wish to stop the testing and leave at any time, without giving a
reason. This would not affect your relationship with the staff or University in any way. The study
will not benefit you directly, and does not form part of any medical diagnosis or treatment. If you
agree to participatc you will be asked to sign the initial screening form that accompanics this
information sheet, in the presence of an appropriate member of staff (or other witness, who
should countersign the form giving their name and address, if this is not practical). It is perfectly
in order for you to take time to consider whether to participate, or discuss the study with other
people, before signing. After signing, you will still have the right to withdraw at any time beforc
or during the experiment, without giving a reason.

The images of your brain will be held securcly and you will not be identified by name in any
publications that might arise from the study. The information in the two screening forms will also
be treated as strictly confidential and the forms will be held sccurely until eventually destroyed.

Pleasc feel free to ask any questions about any aspcct of the study or the scanning procedure
before completing the initial sereening form.
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COPY CONSENT FORM for PARTICIPANTS

NAME OF PARTICIPANT
DATE OF BIRTH:

Study Number:
Patient Identification Number for this trial:
Title of Project: Investigating the relationship between brain waves, cognition, and motor control.
Project investigators: Prof Paul Furlohg, Dr. Carol Holland, Dr. Emma Praokic, lennifer Geraghty

Please initial (tick) the boxes:

1. Iconfirm that | have read and understand the information sheet for this study and
have had the opportunity to ask questions.

2. lunderstand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, without my medical
care or legal rights being affected.

3. lagree totake partin the above study.

Name of Patient Date Signature

Name of Person taking consent Date Signature

(If different from researcher)

Investigator Date Sighature
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Astan University Ethics Cemmitee
Aston Unive-sity
#Asion Triang'e
Birmingharm.
B4 TET
Teleghona +44 (01121 204 3000
Fax +44 (01121 204 3896
Chalrperson: Ms Nichola Seare
Secretary: MrJohn Walter
4% July 2012
D S:ephen Hall

Schoal of Life and Health Sciancas

Dear Stephen

Study Tithe: Investigating the effect of GABAergic modulation on corfical escillations
during motor performance.

REC Reference: Ethics Application 358

Protocol Mumbes:

Confirmation of ethical epinion

0n behalf of the Committer, | am pleased to confirm a favourable elrical apinion far the
akbave research on the basis described in the epplication farm, profoce! and eupparting
dacumentation a8 revisad.

The project is approved until the completion date apecif ed o the farm (31* Decerrber
20463 provided il is commenced within two years of the date of this letter and you are
reggired 1o natity e Commistes when the project is completed.

Approved documents

The final list of documents reviewed ard aoproved by e Commitse s as follows:

‘ Booment “ersion Date

L University Ethics Apphieation Foarm . Ore | 10062012

URisk Assessmenl Feom < Laboratory 0 Gee | 1000GZIN2

{ Rigk Assessrent Fonn - Diszepam Oma 10/05/2012

| Risk Assessment Form - Ze'pidem o |©nme _10/05/2012

' Risk Assessment Form - Zopiclone One AG052012
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Aston University

28" January 2014

Ur Stephen Hall
Life & Heglth Sciences

Dear Stephen

Study Title: Investigating the relsticnship betwean Srair waves, cegnition,
and motor condqal

Referance Number: Project 358

Protocol Number:

| am writing to inform you that the Ghair of the Ethics Committee has approved on
behalf of the Commltes, the mino proposad changes to the above project as
described in Jennifer Geragnty’s email and atachment of 127 December 2013
namely the updaie ta the project titie and the madifications to the parlicipant
information sheey and consant form o accommedate the slighi change 0 procedure
for them.

Yours sincerely

TR -

Mr John Waites
Secretary {0 the Ethics Commitiea
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Appendix 4- Study 4 Participant Information Sheets, Imaging Study Screening Sheets,
Consent Form, Debrief Form, and Ethical Approval

239



Aston University

Bermingham

PARTICIPANT INFORMATION SHEET

STUDY TITLE - ‘The relationship between fear of falling, quality of life, and
mobility in older adults?’

WHY HAVE | BEEN INVITED?

You have been given this information because you expressed an interest in finding

out more about this work via Aston University’s website, advert or an ARCHA event
you attended. In addition, you have taken part in a previous study involving mobility
difficulties and pedestrian behaviour. Everybody who took part in the previous study
has been invited back. This study acts as an optional follow up.

WILL | BE ABLE TO PARTICIPATE?

Due to the nature of the study, individuals with a history of neurological problems
such as a stroke, or visual impairments that cannot be corrected with spectacles or
contact lens, such as tunnel vision, will not be able to take part.

WHAT IS THE STUDY?

The aim of the study is to explore the relationship between fear of falling, quality of
life, and mobility difficulties in older adults. Loss of mobility is a major determinant of
reduction in health and wellbeing in later life, linked with depression and
independence reduction. In adults aged 45+, a series of questions will assess
various aspects of how you perceive your life, your social and physical restrictions,
along with how likely you are to be fearful of falling in certain circumstances. These
qguestions will be related to previous data with regards to your movement initiation
and adaptation, and a variety of cognitive tests. This will be a one-time study with no
follow up.

WHAT WILL | BE ASKED TO DO?
1. Questionnaire

You will be asked to fill in a short questionnaire asking for some details regarding
your mobility, how your mobility restricts your social life and everyday tasks, as well
as how you perceive the general quality of your life. If there are any questions that
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you feel reluctant to answer then please leave them blank. The questionnaire will
take approximately 10 minutes to complete.

There will be:

- 4 multiple choice questions regarding how you perceive your quality of life.
These questions will include how much control you feel you have over
aspects of your life; activities; if you are anxious; and social involvement.

- 16 questions about how likely you are to feel fearful of falling in a specific
situation, such as preparing meals, or walking up a slope.

- 16 questions about your physical travel over a 3 day period, your social life,
and your life satisfaction.

WHAT WILL YOU DO WITH MY INFORMATION?

When we have gathered all the information for all the people who take part in the
study, we will analyse the data to find out what the relationship between fear of
falling, quality of life, and mobility difficulties with increasing age. We will write
articles for scientific journals and present the findings in other ways, such as at
conferences. In sharing this information it will not be possible for anyone to know that
any information is about you.

WHAT HAPPENS NEXT?

If you are interested in taking part or discussing this information, please contact us
(details are included in this sheet). if you decide to take part, we will conduct the data
gathering as outlined above. If you would like to take part, please read the consent
form that the researcher will give you then please complete the consent form and
return to the researcher.

WHAT ARE THE POSSIBLE BENEFITS OF TAKING PART?

We hope this study will uncover the mental processes that predict mobility changes
with the intention of trying to find a treatment for people who begin to have serious
problems with this in later life.
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WHAT ARE THE RISKS OF TAKING PART?

There may be questions in which you feel uncomfortable answering. Any questions
you do not wish to answer you may leave blank. Alternatively, you may decide to opt
out of the study completely. You may withdraw from the study up until two weeks
after returning the questionnaire.

WILL MY TAKING PART IN THE STUDY BE KEPT CONFIDENTIAL?

Data use and storage will comply by the standards of the Data Protection Act (1998).
The confidentiality of personal information and the anonymity of all volunteers involved
in this investigation will be preserved in the following way:

All responses will remain anonymous and confidential and your data will not be
linked to your name. You will be assigned with a participant code to ensure that
information cannot be linked back to you except by yourself and the researcher; this
code can also be used if you decide to withdraw your information after the study has
finished.

Your questionnaire data will be kept in a secure place and your computer data will be
kept on a password protected computer. Only the researcher and supervisors will
have access to this data. The data will be destroyed within five years of competition.

WHAT IF THERE IS A PROBLEM AND WHO DO | CONTACT IF THERE IS? If you
have a concern about any aspect of this study, you should ask to speak to the
researchers who will do their best to answer your questions. If there are still any
aspects of the research that has been carried out that you are unhappy about, you
are free to contact the Secretary of Aston University Ethics Committee on email
j.g.walter@aston.ac.uk or telephone 0121 204 4869.

WHAT ABOUT IF | DON'T WANT TO PARTICIPATE?

Participation is entirely voluntary and you have the right to withdraw from the study at
any point without penalty. If you feel uncomfortable or decide not to carry on with the
study for any reason, you have the right to withdraw from the study at any time. If
you do decide to withdraw during the study, we will destroy any data collected up to

that point.
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If you decide afterwards that you choose to withdraw data, you can contact us with
your participant identification number and we can do this up to the point of data
analysis is commenced, that is two weeks after your participation. You do not need
to give any reasons for this and there will be no adverse consequences. Contact
details will be provided in the debrief form once the study has been
completed/terminated.

WHERE WILL THE ASSESSMENTS TAKE PLACE AND WILL | HAVE SOME
ASSISTANCE FOR TRAVEL EXPENSES?

The study will take place in the comfort of your own home or a private place of your
choosing. You will not be required to travel.

WHO HAS REVIEWED THE STUDY? All research in the University is looked at by
an independent group of people, called a Research Ethics Committee to protect your
safety, rights, wellbeing and dignity. This study has been reviewed and given
favourable opinion by Aston University Research Ethics Committee.

If you have difficulties understanding this sheet please ask for assistance

FURTHER INFORMATION AND CONTACT DETAILS —

For information about the research and to make appointments, contact: Miss
Jennifer Geraghty geraghtj@aston.ac.uk.

If you have any further questions, you can also contact the supervisor, Dr. Carol
Holland, c.holland1@aston.ac.uk, 0121 204 4063.

Thank you for taking time to read about this study.

Carol Holland

Dr Carol Holland- Senior Lecturer, Deputy Director Aston Research Centre for
Healthy Ageing, Aston University

Jennifer Geraghty- Ph.D. Student, funded by Aston Research Centre for Healthy
Ageing, Aston University
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Aston University

Brmungham

Participant Identification Number for this study:

THE CONSENT FORM (Participant Copy)

Title of Project: ‘What is the relationship between fear of falling, quality of life,
and mobility in older age?’

Principal Investigator: Jennifer Geraghty email: geraghtj@aston.ac.uk

Main Supervisor: Dr Carol Holland email: c.holland1@aston.ac.uk

Associate Supervisors: Prof. Paul Furlong

Please initial, rather than tick boxes

1. | confirm that | have read and understand the information sheet dated
........ for the above study. | have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily.

2. | understand that my participation is voluntary and that | am free to
withdraw at any time during the study without giving any reason and without
penalty. | also understand that if | decide to withdraw my data after my
participation | have 14 days to do so.

3. | understand that data collected during the study will only be looked at by
the principal investigator and named supervisors from Aston University. | give
permission for these individuals to have access to my data collected during
the study.

4. | understand that data use and storage will comply by the standards of the
Data Protection act (1998) whereby all my responses will remain anonymous
and confidential.

5. | understand the risks of the study and | am happy with the procedures in
place to reduce them.

6. | agree to take part in the above study.

Name of Participant Signature Date

Name of Investigator
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Participant number:

‘What is the relationship between fear of falling, quality of life, and mobility in

older age?’

Thank you for taking part in this study, your data will be kept anonymous and
confidential.

Mobility difficulties in older adults can lead to a reduction in health and psychological well-
being. The purpose of this study is to see if there is a relationship between fear of falling,
quality of life, and social restriction with the mobility measures, cognition, and pedestrian
behaviour collected in a previous study.

The questions were looking at how much control you feel you have over your life and
activities, how anxious you feel, and about your social interactions. Further questions were
looking into the quantity and quality of your social interactions, along with the ease of
accessing local services. Finally, they explored how far you travelled over the past 3 days in
general to look at your usual movements. The next questionnaire you did was The Falls
Efficacy Scale questionnaire which looks into how afraid you are about falling under certain
circumstances and how that has an impact on your daily life. These questionnaires were
explored in relation to a previous study you completed that looked into the relationship
between mobility changes, pedestrian behaviour, and cognition.

Please be aware that if you decide to withdraw data, you can contact us with your
participant identification number and we can do this up to the point the data analysis
commences, which is two weeks after your participation. Any information you have
shared would then be destroyed. You do not need to give any explanation for this. If you
would like to do this, please contact myself, Jennifer Geraghty, at geraghti@aston.ac.uk
with your participant code. Alternatively you can contact my main supervisor, Carol
Holland, by email at c.holland1@aston.ac.uk or by phone at 0121 204 4063.

If you have any further questions or concerns, please contact us in the first instance, but if
you are worried about health aspect . If you have any further concerns that have not been
satisfied by contacting myself or Dr. Carol Holland, please contact the Secretary of the Ethics
Committee, John Walters by email at j.g.walter@aston.ac.uk or by phone at 0121 204

4869.
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Appendix 5- Study 4 Quality of Life, Fear of Falling, and Life Space Mobility
Questionnaires
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Quality of Life and Fear of Falling Questionnaires

Please note that you do not have to answer any questions which you do not feel
comfortable answering. All questions require a tick box response unless stated
otherwise.

Participant Name:

Participant Age:
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Questionnaire 1

I'would like to ask you some questions about how you feel about certain aspects
of your life. For each of these questions, please tick next to the appropriate
statement that describes you best.

Tick one box per question

1. Control over daily life

[ have as much control over my life as I want

Sometimes I don’t feel I have as much control over my life as I want
[ have no control over my daily life

2. Occupation

I do the activities I want to do

I do some of the activities I want to do

I don’t do any of the activities I want to do

3. Anxiety

[ feel free from worry and concerns on a day-to-day basis
I sometimes feel worried and concerned

I feel very worried and concerned on a daily basis

4. Social Participation and Involvement

My social situation and relationships are as good as I want

Sometimes I feel my social situation and relationships are not as good as I want
I feel socially isolated and often feel lonely

S. Please say how much you agree or disagree with the following statements
by ticking the relevant box on each line.

Tick one box on each line

Strongly ~ Agree  Slightly Neither Slightly Disagree Strongly
agree agree  agree or disagree disagree
disagree

lh most ways my life is
tlose to ideal

The conditions of my
life are excellent

lam satisfied with my
life
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6. The next questions are about how you feel about different aspects of your
life. For each one, please day how often you feel this way.

Tick one box on each line

Hardly ever or Some of the time Often
never

fow often do you feel you lack
ompanionship?

fow often do you feel left out?

flow often do you feel isolated
rom others?

fow often do you feel in tune
vith the people around you?

7. On average, how often do you do each of the following with any family
members, not counting any who live with you?

Tick one box on each line

Threeor Onceor Onceor Every Once or  Less than
more twice a twice a few twice a once a
timesa  week month months  year year or
week never

Meet up (include both
arranged and chance
meetings)

Speak on the phone

Write or email

8. How many family members would you say you have a close relationship
with?
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9. On average, how often do you do each of the following with any of your
friends, not counting any who live with you?

Tick one box on each line

Three or Onceor Onceor Every Once or  Less than
more twice a twice a few twice a once a
times a week month months year year or
week never

Meet up (include both
arranged and chance
meetings)

Speak on the phone

Write or email

10. How many of your friends would you say you have a close relationship
with?

11. How easy or difficult would it be for you to get to each of the following
places, using your usual form of transport?

Tick one box on each line

Very easy  Quite easy  Quite Very Does not
difficult difficult apply

Bank or cash point

Chiropodist

Dentist

General Practitioner

Hospital

Local Shops

Optician

Post Office

Shopping Centre

Supermarket
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12. I would now like to ask you some questions about your activities during

the past 3 days. Please tick to indicate whether you have done one of
these activities during the past 3 days.

Tick one box on each line

. Have you been to other rooms of your house besides the room where
you sleep?

. Have you been to an area immediately outside your home such as your
porch, deck or balcony, hallway of an apartment building or garage?

. Have you been to an area outside your home such as a garden,
courtyard, driveway, or parking space?

. Have you been to places in your immediate neighbourhood, but beyond
your own property or apartment building?

. Have you been to places inside your immediate village, town, or
community?

. Have you been to places outside your immediate village, town, or
community?
. Have you been to places outside of your county?

. Have you been to places outside of England but within the UK?

Have you been outside of the UK?

Yes

No
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Questionnaire 2: Falls Efficacy Scale- International

I would like to ask some questions about how concerned you are about the

possibility of falling. For each of the following activities, please tick the opinion

closest to your own to show how concerned you are that you might fall if you

did this activity. Please reply thinking about how you usually do the activity. If

you currently don’t do the activity (example: if someone does your shopping for

you), please answer to show whether you think you would be concerned about
falling IF you did the activity.

Tick one box on each line

. Cleaning the house (e.g.
sweep, vacuum, dust)

. Getting dressed or
undressed

. Preparing simple meals

. Taking a bath or
shower

. Going to the shop

. Getting in or out of a
chair

. Going up or down stairs

. Walking around the
neighbourhood

. Reaching for something

above your head or on
the ground

Not

concerned at

all

Somewhat
concerned

Fairly Very
concerned concerned
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Tick one box on each line

Not Somewhat | Fairly Very
concerned at | concerned | concerned | concerned
all

10.Going to answer the
telephone before it stops
ringing

11.Walking on a slippery
surface (wet or icy)

12. Visiting a friend or relative

13. Walking in a place with
crowds

14. Walking on an uneven
surface

15. Walking up or down a
slope

16. Going out to a social event
(e.g. religious service,
family gathering, or club
meeting)

Thank you for taking part!

Questions taken from

The Falls Efficacy Scale-International (FES-I)

3 /?T f:i;;? dna The Life Space Questionnaire:
\) L Sty ¢f A Measure of the Extent of
. Lr"s Ky @

adult social care oufcomes toolkit Agirg Mobility of Older Adults




