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ABSTRACT

Evidence indicates that information processing speed slows as age increases and
disproportionately so with impaired cognition and various neurodegenerative
diseases such as Alzheimer’s disease. The new DSM-5 criteria for neuro-cognitive
disorders state that measuring information processing speed associated with
attentional function should be included within dementia diagnosis. However, what is
not clarified is that outcome variability can occur, in part, as a result of
methodological factors i.e. type of attention-related test/ attentional function and by
person-related factors such as sex and education. In addition, there appears to be a
dichotomy between the types of tests used within research studies and clinical
settings which should be addressed [Haworth et al, 2016].

The aim of the research presented in this thesis was to investigate how using
different tests of attentional function in similar groups of young and older adults may
affect the outcome measure of information processing speed (RT) and its variability
(ITV). Part of this aim was to determine whether the number of trials may influence
performance i.e. RT, IIV and accuracy (number of errors). Another aim was to
determine whether result outcome is affected similarly across tests by a variety of
person-related factors i.e. sex, education, objective cognitive measures and
particularly previously un-tested factors of subjective memory function and
perceived test difficulty which may help determine whether subjective feelings are
associated with slower and more variable information processing speed and may
influence study outcome.

The first study [Chapter 2] comprised of a visual search test commonly used in
research as a sensitive measure of ageing upon RT and IIV and attentional shifting,
yet not examined particularly in relation to subjective memory function and
perceived test difficulty. Results indicated that information processing speed was
significantly slowed in older compared to younger adults and attentional shifting was
poorer in older adults. There was no relationship with subjective memory function
whereas the influence of sex, education and perceived test difficulty were dependent
on the condition and age.

In the second, larger study including the Trail Making Test (TMT), Simple reaction
time (RT) test, Choice RT test and Multi-Item Localization test (MILO) [Chapters 3-
5], the results indicated that in all tests older adults were significantly slower and
more variable than young adults at group level. Person-related factors were
influential depending on the test used. Subjective memory function and education
were only influential within conditions of the MILO and perceived test difficulty
influential in Trails B and Choice RT. Large effect sizes in visual search, MILO and
the Choice RT suggested they were most sensitive to ageing effects.

In conclusion, we speculate which attentional tests may be more useful in research
and than those already used in clinical settings i.e. TMT and highlight the need to
take into consideration different factors depending on the attentional test used so as
not to misinterpret normal levels of information processing speed in ostensibly
healthy aging.
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Thesis Background and Summary of Aims

It has been widely reported by an abundance of research studies that information
processing speed slows during ageing and disproportionately so in Alzheimer’s
disease compared to cognitively healthy ageing. Information processing speed (RT)
is a factor traditionally measured in the clinical diagnosis of mild cognitive
impairment (MCI), dementia (of all aetiologies but particularly Alzheimer’s disease
[AD]) and as a marker of disease progression and response to intervention. Its
importance is highlighted by the relatively new DSM-5 criteria for neurocognitive
disorders which include a measure of information processing speed, and in particular
a measure of such speed with respect to attentional function [American Psychiatric
Association, 2013]. However, what is not addressed by the DSM-5 criteria is
research evidence indicating that information processing speed is not always
significantly slowed in AD or in MCI compared to cognitively healthy ageing
[Landy et al, 2015; Tales et al, 2002; Grady et al, 1993] or that outcome variability
can occur in such studies. This makes the relationship between dementia and
information processing speed difficult to ascertain and interpret especially across

different research studies and translation to clinical practice.

As described in detail in the following chapters, a significant body of evidence now
indicates that the outcome of studies examining the functional integrity of
information processing speed in ageing, cognitive impairment and dementia, can be
influenced by a variety of factors in addition to the effects of ageing, dementia and
cognitive impairment, which if not taken into account such factors could influence

study outcome.

Different methodological factors, such as the type of test used to measure RT and its
variability, can influence study outcome in the same group of individuals [Tales,
Bayer, Haworth et al, 2010; Haworth, Philips, Newson et al, 2016]. Different tasks,
ostensibly of the same function, may recruit different aspects of brain function; some
of which may be either impaired or normal within the same individual depending
upon the presence or absence of pathology or its distribution. It may also be the case
that the integrity of information speed of certain brain functions (as recruited and

measured by different tests) is more sensitive to ageing and/or disease than others.
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Such an effect can be observed in studies of visual attention where several different
tasks ostensibly measure similar function i.e. executive and selection attention, but
produce different outcome of results, namely the difference of RT and its variability
between young and older adults. For example, the Trail Making test (TMT) [Reitan,
1971], a single trial pen and paper test, and the visual search test, [Tales et al, 2010]
a multi-trial computer-based psychophysics test, both measure executive function
and the ability to shift attention, yet the visual search test has been observed to better
differentiate RT between aMCI (amnestic Mild cognitive impairment) and
cognitively healthy ageing compared to the TMT. However both tests may present
different results for the integrity of RT in terms of performance outcome depending
on which test has been used [Haworth et al, 2016; see also Yung, Cardoso-Leite, P.,
Dale, et al, 2015]. Methodological factors also include factors such as whether the
response is one of detection or discrimination and the processing load of the test

[Tales et al, 2011).

In addition to these methodological factors, there are participant-related factors such
as age, education, objectively measured cognitive function and sex (female/male).
Despite there being some research into the potential impact of such factors i.e. sex
and education upon the outcome of information processing speed, emerging evidence
indicates that there is still outcome variability between previous research studies
which have used smaller participant groups and different tests, thus there is a
necessity to examine these factors in greater detail [Haworth et al, 2016; Phillips,
Rogers, Haworth et al, 2013]. Moreover, other previously unacknowledged or
unknown factors, namely subjective memory function and perceived test difficulty
(both of which are discussed in the following sections) may also affect the results of

such studies and thus need to be addressed.

In view of this increasingly emerging research evidence one should ask whether the
DSM-5 statement needs to highlight such potential outcome variability and to state
the type of test that should be used to clinically measure the integrity of information
processing speed. It is important to investigate and account for the potential effects
these different factors may have on information processing speed particularly in
individuals used in control groups within dementia research. Subsequent results may
not relate to the level of slowing expected from a healthy ageing sample thus not
truly representing a typical control group used to compare against a dementia

sample.
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As aresult this may have an impact on interpreting results of ageing and dementia
research as well as a clinical diagnosis of neurocognitive disorders (i.e. MCI or
dementia). This thesis aims to address this issue with a novel approach of measuring
information processing speed in relation to sex, education, subjective memory
function and perceived test difficulty, using a variety of different visual attention

tests, the number of trials within tests and error analysis.

Subjective memory impairment (SCI)

It is common in research measuring information processing speed in ageing to
examine the potential influence of objectively ascertained cognitive function.
However, a potential confounding effect in such studies is that the potential influence
of subjective memory impairment has not been addressed in great detail. Subjective
memory impairment is important because although its aetiology is heterogeneous, it
represents an increased risk factor for the development of MCI and AD in some
people [Chen, Chen & Chiu, 2017; Lehrner, Moser, Klug et al, 2014; Jessen, Wiese,
Bachmann et al, 2010] and irrespective of aetiology, it may detrimentally effect
information processing speed and its variability. Therefore SCI may be characterised
by disproportionate slowing of information processing speed compared to levels
expected in ostensibly healthy ageing. Using individuals with SCI, or variations of
subjective feelings (i.e. subjective memory function) within control groups in
dementia research would bias results as the true difference between control and
dementia group results is obscured. In addition, characteristics of an individuals’ RT
performance during a clinical diagnosis such as for MCI or dementia may be
misinterpreted thus lead to an incorrect or missed diagnosis. The level of slowing in
these individuals may in fact overlap with the level of slowing which represents
pathological ageing i.e. dementia. If information processing speed is indeed poorer in
subjective memory function, the control group would not represent a cognitively
healthy sample thus the results may be misrepresented. Therefore the current
research allows observation whether SCI, in particular subjective memory function,

may be associated with slower and more variable information processing speed.
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Perceived test difficulty

As briefly suggested above, the integrity of information processing speed in an
individual is likely to be related, not simply to the presence of pathology and what
aspects of brain function are specifically affected by such pathological processes, but
may also be affected by other factors i.e. anxiety [Frick et al, 2014; Berggren &
Derakshan, 2013] and depression [Singh-Manoux et al, 2014; Rapp et al, 2006] or by
psychological factors such as perceived test difficulty; a factor not examined in great
detail in previous ageing and dementia research. Perceived test difficulty is an
example of psychological self-assessment where individuals hold beliefs about
themselves i.e. their own abilities or beliefs about the demands of a task which can,
as a result, have an effect on the outcome of a cognitive activity [Flavell, 1979] i.e.

slower information processing speed.

There are many examples of psychological self-assessment although in this thesis we
focus on peoples’ perception about how difficult a task is to perform. Believing a
task 1s difficult to perform may be related to the propensity for individuals to think
they performed badly despite their actual performance relating to what is expected in
healthy ageing. Such beliefs may have a negative effect on information processing
speed thus we ask whether the more difficult a task is perceived to be, the slower
performance is. Some evidence demonstrates that aspects of self-perception of the
integrity of cognition can negatively affect cognitive performance [Rounis,
Maniscalco, Rothwell et al, 2010; Yokoyama, Miura, Watanabe, 2010; Bolmont,
Thullier & Abraini et al, 2000]. However this is still a novel factor to be examined in
relation to information processing speed in visual attention, in particular the aspect of

self-perceived difficulty of a test.

If perceived test difficulty influences information processing speed but is not taken
into account, this may have significant implications on the integrity of the results i.e.
of control groups and impact how past ageing and dementia studies have been
interpreted. It also has clinical relevance as not taking perceived test difficulty into
account may lead to clinicians misinterpreting the reason for slowed RT (such as
underlying structural problems) thus misdiagnosing an individual. Different aspects
of psychological self-assessment may also be responsive to intervention thus their

effects, particularly in relation to RT may therefore be reversed.
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The influence of this novel factor of perceived test difficulty on information
processing speed in relation to visual attention will be examined alongside other
factors of subjective memory function sex and education. An initial study will
examine the potential influence of perceived test difficulty on information processing
speed and its variability (IIV) of a commonly used test (visual search, see Chapter
Two). In a second larger study, it will be examined whether the influence of
perceived test difficulty on information processing speed is similar across a number
of visual attention tests in, where possible, a group of the same individuals (see

Chapter Three to Five).

Intraindividual variability of information processing speed

Many previous research studies have examined RT in relation to ageing however
fewer have examined both RT and its intraindividual variability (IIV) within the
same study. Intraindividual variability of information processing speed reflects the
variation of behavioural responses within a single persons’ overall performance over
the test period i.e. over a given number of trials. IV is associated with the functional
integrity of information processing speed and in particularly associated with
fluctuations or deficits in attentional function and control [Ribeiro et al, 2016; Prado

et al, 2011; MacDonald et al, 2006].

ITV can be sensitive to ageing as well as information processing speed, with older
adults being more variable in their performance compared to young adults
[MacDonald, Nyberg, & Backman, 2006; Hultsch, MacDonald, & Dixon, 2002] and
increased II'V in MCI and AD compared to healthy ageing [Philips et al, 2013; Kélin,
Pfluger, Gietl et al, 2014; Jackson et al, 2012] although this has not always been
supported [Waugh, Fozard, Talland & Erwin, 1973]. If information processing speed
is potentially influenced by methodological factors i.e. type of test or person-related
factors of sex, education and perceived test difficulty and subjective memory
function, this may also be the case for IIV thus may have a similar impact on results

of control groups in ageing and dementia research.
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Number of Trials

In RT research it is common to measure mean RT performance and IIV by using
multiple trials (e.g. psychophysics techniques) during the test. However it is rare for
RT studies to examine how the number of trials per se may have an effect on RT
performance and IIV. More trials can invoke fatigue [Woods et al, 2015] or reduced
sustained attention [Fernaeus et al 2013] and result in slower RT performance
particularly by the end of the testing period. Controversially, in contrast high
numbers of trials can have opposite effect and improve RT performance due to

practice effects [ Yotsumoto et al 2015; Siettos and Smyrnis 2017].

In the Choice RT test, information processing speed was examined across four
blocks in order to observe whether participants slow or become more varied
throughout the test (possibly due to fatigue) or speed up or become less varied
(possibly due to practice effects). The effect of the number of trials is analysed and
discussed in more detail in Choice test (see Chapter Four). The number of trials
could have in measured in the other tests in this PhD using multiple trials [visual
search, simple and MILO] however the way in which they were programmed made

this difficult.

Errors

Errors during RT studies occur, for example, when the incorrect button for a
response is pressed or the response is given too soon (i.e. prompting when to
respond). Not all previous RT studies have included errors in their analysis however
this measure may be important measure for a number of reasons. For example,
making more errors may relate to a lack of concentration or fatigue while performing
the test, problems with the test itself i.e. too difficult to complete [Cavaco et al, 2013;
Seo et al, 2006], or commonly recognised issues with performing RT tests such as
the speed accuracy trade-off [van Veen, Krug, & Carter, 2008; Salthouse, 1979]
where an individual places more emphasis on either speed (completing the test as

quickly as possible) or accuracy (completing the test as accurately as possible).

For each test in this thesis the mean number of errors made was compared between
young and old and between males and females to see if error rates associated with
age or sex. The effect and implications of errors are discussed in more detail in

relation to each attention test in the corresponding Chapters Two to Five.
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In addition, mean errors were compared between each test (see Chapter Six) to
determine whether some tests of similar attention function are performed more

accurately than others.
Aims

One of the aims of this thesis was to investigate the functional integrity of
information processing speed and its intraindividual variability between younger and
older adults in relation to a variety of different visual attention-related processing
tests i.e. how the use of different tests in the same people may produce different
results. From consideration of previous research, it was hypothesized that older
adults would produce slower and more variable reaction time scores compared to
young adults across each attention test. In addition the aim was to determine whether
the number of trials may influence performance thus outcome measure (RT, IIV) and
accuracy (number of errors). It is hypothesised that any influence of trial number on
older adults would have a negative effect on information processing speed i.e.
increase fatigue thus produce slower RT and in younger adults any potential trial

influence will relate to practice effects thus produce faster RT.

A further aim was to investigate what influence sex and education may have on
information processing speed and IIV (examined a little previously yet will be re-
examined) and whether the result outcome is similar across different attentional tests.
From previous research on sex and education, it is hypothesized that males would be
faster and less variable compared to females in both young and older adults and

higher levels of education would relate to faster and less variable RT.

A final aim was to examine, in a novel approach, the potential influence of subjective
memory function and perceived test difficulty upon information processing speed
and its intraindividual variability across different attentional tests. In addition,
measuring subjective memory function allows us to observe whether subjective
feelings are associated with slower and more variable information processing speed.
Subjective memory function and perceived test difficulty, have not been subject to
investigation in many previous RT and IIV and attention-related studies. It is
hypothesized that older adults perceiving greater change to memory function would
produce slower RT. As found in SCI research (and if indeed subjective memory
function relates to SCI) these perceived changes may be highlighting underlying
structural change to brain function which may relate to slower information
processing speed in cognitive functions i.e. attention.
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Alternatively subjective memory function may be heterogeneous thus the influence
on RT may also be psychological i.e. older adults notice changes to memory function
thus assume their poorer memory results in them being poorer at performing the test

(i.e. slow RT).

In addition, from previous findings, we hypothesise that perceiving the test to be
more difficult may slow RT scores. This may relate to lower motivation or mood due
to finding a test more difficult as suggested by past research (i.e. Bolmont et al,
2000) although it must be noted that we have not measured mood or motivation at
this time. Any interactions between methodological and person-related factors were
also examined as well as examining individuals within the young and older adults

groups i.e. the importance of outliers and what they may tell us.

An initial study (Chapter 2) will examine information processing speed and its
variability and attentional shifting efficiency in a group of young and a group of
older adults using a common research attentional task, namely visual search [Tales,
Bayer, Haworth et al, 2010]. This task has been used frequently in previous studies
to measure differences in information processing speed between healthy ageing and
MCI or AD. In addition we include an examination of the potential effect of sex,
education, and unknown factors of subjective memory function and perceived test
difficulty as previous research of visual search in relation to ageing and MCI or AD
have not addressed how such factors may have affect study outcome. How these
previously ignored factors may affect outcome may influence in future how we in
fact interpret these results and especially in terms of what constitutes an older adults

control group in studies of MCI and dementia.

A second, large study (see Chapters 3 to 5) will include a variety of different visual
attention-related tests of information processing speed and individual variability.
Using, where possible, the same large group of younger and older adults in each test,
the aim is to examine how the use of a wide range of tests may influence study
outcome i.e. does the outcome in similar groups of participants change depending on

the type of attention test used?

In addition, the performance from each of these different tests will be examined with
respect to education, sex, subjective memory function and perceived test difficulty

and in the Choice reaction time test, and the number of trials.

20



This is important to determine as the DSM-5 highlights the importance of measuring
information processing speed for a diagnosis of MCI or AD yet does not provide
further information as to the types of test to use, nor does the DSM address how
factors such as education, sex, subjective memory or perceived test difficulty may

affect information processing speed being measured per se or by a specific test.

Thesis Limitations

When reading the results of the two studies within this thesis it is important to take
into account potential limitations which may have had an influence on how results
were interpreted. When examining young and older adults, factors such as
medication could not be controlled for, nor were other factors which may potentially
have an effect on RT and IIV, taken into consideration 1.e. sleep, occupation. We did
not include a full medical analysis of general cognition or a detailed measure of
overall individual memory function. In relation to subjective memory function in
older adults, we were unable to include brain scans to observe whether subjective

feelings indeed related to any underlying structural change.

In addition, the mean number of older adults fell at the younger end of the age range
(65 years of a maximum of 80 years) thus this may be why there were a limited
number of older adults with low MFQ scores i.e. not many adults who perceived
many detrimental changes to memory function. The sample of young and older
adults may have not represented the population since the young adult group consisted
of mainly University students taking a Psychology degree. The older adult group
included individuals who were willing to participate thus this may have limited the
sample to a particular type of older adult participant and perhaps those of a particular
level of education. A significant limitation in the second study was that not every
young and older adult performed each of the tests because some were too tired to
complete the battery or the test programme failed to work or broke, meaning the test
could not be completed. This may have made it difficult to make direct comparisons

between the results of each attention tests.
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Summary of chapters

What follows is a brief over view of the aims, research and outcome described in

each chapter. Full details can be found in each chapter.

Chapter One: Introduction

This introduction and literature review introduces the concept of information
processing speed (RT), intraindividual variability (IIV) and their importance with
respect to the DSM-5. The introduction provides a background of the biological,
clinical and research basis for the current research. Evidence of slowed and varied
RT during healthy and abnormal ageing is discussed and related to cognitive
impairment with the focus in this thesis being on visual attention related tests of RT
and II'V. Subjective Cognitive Impairment (SCI) is explained in terms of its
importance to characterise this stage for people whom it is the very early stage of
further decline or just has a detrimental effect on everyday life. Non-clinical SCI,
namely subjective memory function is also introduced and discussed in relation to its

potential effect on RT and IIV studies.

This chapter introduces the concept that a variety of person related factors may
influence information processing speed but they have been dismissed in previous

studies of RT and visual attention. Details of the thesis aims are also explained.

Some of the information from this introduction was previously published in Haworth

and colleagues [2016] (copy included in appendices)

Chapter Two: Visual search (research test)

A popular paradigm for measuring such visual attention-related RT processing and
IIV is the visual search test [Chun & Wolfe, 2001; Tales et al, 2010] which measures
the time it takes to respond to a target with or without surrounding distractors. This
visual search paradigm consists of multiple trials of two conditions. A target alone
condition measures automatic attentional capture speed and processing and a target
plus distractors condition measures how efficiently (i.e. quickly) attention can be
shifted to find a particular target. Subtracting the target alone trials from the target
with distractors trials provides a measure of how influential distracting information

has been upon the search for a particular object [Tales et al 2010].
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Visual search appears to display age effects with older adults performing slower
compared to young adults due to taking longer to process information [Scialfa &
Joffe, 1997]. This is particularly true for visual search tasks which include distracting
information or unexpected targets which can slow older adults’ performance [Tales
et al, 2010; Zeef et al, 1996; Nissen & Corken, 1985; Cohn et al, 1984; Eriksen &
Eriksen, 1974].

The aim of this initial study is to investigate the functional integrity of information
processing speed and its intraindividual variability (II'V) in younger and older adults
using a visual search paradigm known to be sensitive to ageing effects [Tales et al,
2010]. In addition, a novel factor is to measure the influence of subjective memory
function, perceived test difficulty, sex and education upon study outcome i.e. RT and
ITIV. This study finds slower information processing speed and greater IV in older
adults compared to young adults. Subjective memory function has no influence on
information processing speed and its variability although significant outliers are

observed in RT and IIV which may be of interest for further assessment and follow

up.

Perceived test difficulty influences information processing speed only in older adults
but does not influence intraindividual variability. Sex only influences information
processing speed and its variability in young adults and education had an influence

on older adults’ information processing speed and its variability.

Finding a relationship between factors and information processing speed or IIV
appears to be dependent on the condition within the visual search test possibly due to
the differences in processing demands required [Phillips et al, 2013]. Therefore the
results provide further evidence for the importance of the test on study outcome since
results were observed to vary even within a given test. The findings in this study can
only account for selective attention as measured by visual search therefore a second
larger study is conducted with other tests of similar attentional function (selective
attention) to examine whether the study outcomes on RT & IV 1i.e. the influence of
sex, education, perceived test difficulty and subjective memory function are similar
across different visual attention tests. This visual search already found factors (sex,
education and perceived test difficulty) to affect RT and IIV which depended of the
condition within the test thus emphasising the aim to determine whether similar

findings are observed within other attention tests.
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Chapter Three: Trail Making test (TMT) [typical clinical test]

The Trail Making Test (TMT) is a typically used clinical task to measure information
processing speed in relation to a variety of executive functions i.e. selective
attention, switching attention and number sequencing. The task includes two

conditions; Trails A and Trails B.

Trails A involves connecting numbers 1 to 25 in numerical order and Trails B
involves connecting numbers 1 to 12 and letters A to L in order alternately i.e. 1A,
2B, 3C. The TMT is similar to the visual search task in terms of cognitive functions
measured (switching and selecting attention on each target) but contains a single pen

and paper trial for each condition.

There is evidence for slowing of information processing speed during the TMT,
particularly in Trails B in older adults compared to young adults [Hashimoto,
Meguro, Lee, et al., 2006; Zalonis, Kararizou et al., 2008; Periafiez, Rios-Lago,
Rodriguez-Sanchez et al, 2007] and disproportionately slower information
processing speed in MCI [Bezdicek, Motak, Axelrod et al, 2014; Silveri, Reali,
Jenner, & Puopolo, 2007] and AD [Johnstone, Hogg, Schopp, et al, 2002; Chen,
Ratcliff, Phil et al, 2000] compared to healthy ageing. Yet further study is required to
examine the influence of different factors on information processing speed in TMT.
Sex and education have partially been addressed in previous TMT studies however

perceived test difficulty and subjective memory function have been ignored.

In this chapter, the functional integrity of visual attention and information processing
speed and IIV between young and older adults is measured using the clinical TMT.
In addition the influence of other factors of sex, education, perceived test difficulty
and subjective memory function are measured in relation to study outcome i.e. RT
and IIV. This is the first test within a second larger study examining whether the
integrity of information processing speed and the influence of different factors vary

between different visual attention tests.

Results indicate that older adults are significantly slower compared to young adults
for both TMT A and TMT B. There is no influence of subjective memory function
on information processing speed for both Trails A and Trails B. In older adults,
perceived test difficulty correlates with information processing speed (Trails B only)
1.e. older adults who perceived Trails B to be difficult were slower. There is no effect

of sex and education on information processing speed in both young and older adults.
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Subjective memory function correlates with education i.e. older adults who perceived
greater changes to their memory had lower levels of education. Subjective memory
function also correlates with perceived test difficulty in older adults; the easier both
Trails A and B are perceived to be, the less change to memory function older adults
perceive to have. Older adults with greater levels of education also report the test to

be more difficult.

As found in the visual search (first study), finding a relationship between factors and
information processing speed appears to be dependent on the condition within the
TMT thus the results provide evidence for the importance of the test on the study
outcome. Therefore further types of visual attention tests are examined in this second
study to observe whether similar outcomes occur between tests and whether the same
brain functions are affected by ageing and various person-related factors to the same

or different degree.

Some of the data from Chapter 2 and 3 of this thesis has been published in Torrens-
Burton, A., Basoudan, M., Bayer, A., et al (2017) Perception and reality of cognitive
Information processing speed, perceived memory function, and perceived task
difficulty in older adults. Journal of Alzhiemer's disease, 60(4), 1601-1609.doi:
10.3233/JAD-170599 (copy included in appendices).

Chapter Four: Simple and Choice RT (research test)

Both the Simple and Choice RT tests measure slowing of information processing
speed in relation to detrimental changes in encoding ability [Simon &
Pouraghabagher, 1978] in particular the ability to prepare, organise and execute a
response [ Vrtunski, Patterson et al, 1983]. The Choice RT test differs to that of the
Simple RT test by the addition of a decision component i.e. a choice of what
response to make depending on which of two targets are displayed. These tests have
been used within ageing and MCI and AD research with significant slowing of
information processing speed found in older adults compared to young adults [Bugg,
Zook, Delosh et al, 2006; Krieg, Chrislip, Letz et al, 2001; Woods, Wyma, Yund et
al, 2015] and disproportionately slower in MCI and AD compared to healthy ageing
[Chen et al, 2017; Sano, Rosen, Stern et al, 2009; Tales & Porter, 2008]. Comparing
the two tests we observe outcome variability depending on which test is used which
has been examined in ageing studies [Der & Deary, 2006; Inui, 1997] and MCI and
AD studies [Storandt & Beaudreau, 2004; Nestor et al, 1991].
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In this study the functional integrity of visual attention, information processing speed
and II'V between young and older adults is examined in both Simple and Choice RT
tests as well as measuring the influence of other factors of sex, education, perceived
test difficulty and subjective memory function which have not been examined in
detail previously in ageing studies using research tests of RT and IIV, namely Simple
and Choice RT. In addition, a novel approach in the Choice RT test examines the

potential effect of the number of trials on RT and IIV and error rate.

Overall, both the Simple and Choice RT tests reveal significant differences in
information processing speed and IIV between young and older adults. Older adults
are significantly slower and more variable compared to young adults. A greater
difference in information processing speed between young and older adults (i.e.
ageing) is observed in the Choice RT test due to larger effect sizes compared to the
Simple RT test. When examining overall effects of different factors on information
processing speed and IIV both tests find no significant effect of sex, education and

subjective memory function in both young and older adults.

Finding no influence of these factors on information processing speed and 11V
highlights the outcome variability can differ between visual attention tests since sex
and education were found to be influential during the visual search test (Chapter 2).
Perceived test difficulty reveals no influence on information processing speed in
Simple RT test but significantly positively correlates with RT and IIV in young
adults only in the Choice RT test. This also highlights outcome variability between
simple and choice tests which may depend on the paradigm used and the level of

complexity i.e. the added decision making function and processing multiple stimuli.

In the Choice RT test, information processing speed in young adults increases
significantly i.e. got slower across trials speculated to reflects fatigue in repeating the
same action multiple times in multiple trials rather than reflecting any cognitive
impairment. In contrast, information processing speed in older adults decreases
significantly across trials i.e. sped up speculated to relate to older adults benefitting
from practice i.e. repeating the same action multiple times in multiple trials. IIV in
young adults does not significantly differ across trials implying that their RT
performance is consistent throughout the test. Older adults are more variable in their
RT performance at the beginning of the test then remained consistently less varied

until the end of the test again implying the benefit of practice.
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In relation to errors, in both young and older adults there are no significant change
in accuracy throughout the test although overall older adults are more accurate (i.e.

make significantly fewer errors) compared to young adults.

Chapter 5: Multi-item localization (MILO) [research test]

The MILO is an iPad based research test of eight billiard ball-type stimuli, each
containing a number from 1 to 8 randomly distributed around the screen. The
objective is to tap each ball in consecutive order (from number 1 to number 8). As
each ball is tapped it disappears from the screen and once all 8 balls are tapped, they

all appear again for the next trial in a different position around the screen.

MILO measures attentional shifting in a similar way to the visual search test but in
addition it measures working memory for maintaining a target sequence and allows
for the execution of direct responses (finger tap on an iPad). In addition, the MILO
measures how quickly and accurately a sequence of stimuli can be processed
[Horowitz & Thornton, 2008]. The MILO is chosen for its similarity to attentional
processing measured in Trails A yet in addition it contains multiple trials thus
allowing for IIV to be measured which is a limitation of the TMT being a single trial.
Furthermore multiple responses within a single trial allows different aspects of the
test to be examined i.e. overall RT and IIV, hesitancy effects for beginning the test
and the RT and IV of a single response less affected by hesitancy effects. In depth

explanations behind each aspect of the MILO measured is included in this chapter.

The MILO task has not been used extensively to measure information processing in
ageing or to distinguish changes in MCI and AD compared to healthy ageing nor has
this test been examined in detail in relation to the effects of subjective memory
function as well as the inclusion of examining a variety of person-related factors i.e.

sex, education and a psychological factor of perceived test difficulty.

In this study, information processing speed and II'V in relation to attentional function
similar to the visual search and TMT is examined using the MILO to determine
whether the use of a different medium (iPad compared to computer based visual
search) and the use of multiple trials in comparison to TMT affects result outcome.
In addition any influence of sex, education, perceived test difficulty and subjective
memory function on RT and IIV is examined to determine whether the result

outcome is similar to the other attention tests in the second study.
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Information processing speed is found to be significantly slower in older adults
compared to young adults across conditions (RT1 and RT8- RT1) although older
adults are only more varied when beginning the test (RT1). In older adults,
subjective memory function (i.e. perceiving greater changes to memory function) is
associated with slower information processing speed for the RT1 condition but does
not have an effect on IIV. Education only influences overall RT performance (RTS8
minus RT1) in older adults. Perceived test difficulty and sex has no influence on

information processing speed and its variability in both young and older adults.

The results of the MILO, as found in the previous chapters, highlight the effects of
person related factors may be dependent on the test or condition within the test,
particularly subjective memory function which only has an effect on RT within the

MILO and not in the visual search, Simple RT or Choice RT tests.
Chapter 6: Comparing tests [effect sizes]

This chapter highlights the differences in effect sizes from the relationships between
RT, IV and person-related factors between each test examined in both studies. This
is to determine whether the effects of person related factors on RT or IIV were more
robust (i.e. a large effect size) in some tests than others. In addition, the effect sizes
of tests which produced significant differences of error rates between young and
older adults are compared to determine which test may produce greater differences in

accuracy in ageing.

Small effects sizes between young and older adult RT and IIV are observed in the
Simple RT test and the TMT. In contrast, the tests with large effect sizes between
young and older adult RT and IIV are the visual search test, the iPad Milo test and
the Choice RT test implying the results are robust and differences in RT between
young and older adults are more pronounced in these particular attention tests. This
is an interesting finding particularly small effect sizes in the TMT as this test is used
to measure information processing speed in memory clinics and diagnosis of MCI

and dementia.

There is a dichotomy between the types of tests used within research studies and
clinical settings [Haworth et al, 2016] thus finding larger effect sizes in the current
research tests (i.e. visual search) may imply that research tests such as visual search

should be used in clinical settings instead of the TMT.
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If tests such as the visual search find robust differences between young and older
adult RT in research, if used in memory clinics they may also find robust differences

of RT between healthy ageing and MCI or dementia.

Most effects of person-related factors are found to occur in the visual search with RT
associated with sex, education and perceived test difficulty. Furthermore, a large
effect size of the relationship between education and RT in the visual search implies
the result was robust thus the effect of education should be considered when
measuring RT or II'V using the visual search test. Only the Choice RT test (between
trial blocks) and the MILO test reveal a significant difference in the mean number of
errors made between young and older adults with effect sizes being larger in the
MILO. This implies a large difference of accuracy between young and older possibly

due to a speed/accuracy trade-off (see chapter for further discussion).

Noticing that even amongst the tests used in this thesis there are significant
differences of information processing speed between young and older adults, could
demonstrate that measuring information processing speed and the effects of different
person-related factors during ageing is important but possibly test dependent thus not

as simple as the DSM-5 suggests.

Chapter 7: General discussion

This chapter includes a very brief summary of results from the thesis in relation to
the aims outlines in the thesis summary and introduction and what it might mean in
relation to information processing speed and visual attention in ageing research and
clinical practice. The significance of outliers is discussed as well as overall study

limitations and future research.
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Dissemination of results

The following have been presented or published:

- Haworth, J., Phillips, M., Newson, M., Rogers, P. J., Torrens-Burton, A., &
Tales, A. (2016). Measuring information processing speed in mild cognitive

impairment: Clinical versus research dichotomy. Journal of Alzheimer's
Disease, 51(1), 263-275. doi: 10.3233/JAD-150791- examination of TMT
and visual search

- Torrens-Burton, A., Basoudan, M., Bayer, A., et al (2017) Perception and
reality of cognitive Information processing speed, perceived memory
function, and perceived task difficulty in older adults. Journal of Alzhiemer's
disease, 60(4), 1601-1609.doi: 10.3233/JAD-170599.- results from chapter

two and three

- Findings of visual search chapter two presented as a poster in Vitae Poster
competition, Swansea University

- Study aims and methodology of current research presented as oral
presentation at 46th Annual Conference of the British Society of
Gerontology, Swansea University

- Torrens-Burton, A., Bayer, A., & Tales, A. Trial number in ageing studies of

reaction time and intra-individual variability: Older, but not younger adults
benefit from practice — in preparation
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1.0. CHAPTER ONE: Introduction

Information processing speed and the functional integrity of the brain (as measured
through reaction time [RT]) has been applied to the study of ageing and the diagnosis
and characterisation of dementias such as Alzheimer’s disease (AD) and prodromal
stages such as mild cognitive impairment (MCI), compared to cognitively healthy
ageing [Bilello, Doshi, Nabvizadeh et al, 2015; Radanovic, Pereira, Stella et al, 2013;
Verhaeghen & Cerella, 2002; Foster, Behrmann & Stuss, 1999]. During the diagnosis
of MCI or AD, the relatively new DSM-5 criteria for neurocognitive disorders
(NCD) suggest the importance of measuring information processing speed in relation
to attentional function as an indication of the integrity of brain structure and function.
However as found by previous research, study outcome may vary, i.e. information
processing speed may be influenced by a number of different factors including
person-related factors such as sex and education and objectively measured cognitive
function and methodological factors such as the type of test used [Tales, Bayer,
Haworth et al, 2010; Haworth, Philips, Newson et al, 2016]. This makes measuring
information processing speed less straightforward than anticipated as more factors

may need to be taken into account than previously assumed.

Information processing speed and II'V can be compared between healthy ageing and
conditions such as MCI and AD to observe whether levels are significantly different
between healthy ageing and disease. This can help characterise MCI or dementia if
information processing speed is disproportionately slower and more variable
compared to what is expected during healthy ageing. However person-related factors
i.e. sex and education may also be influential on information processing speed as
well as psychological factors such as perceived test difficulty and also subjective
memory function (subjective cognitive complaints in ostensibly healthy older adults).
These factors have either been poorly addressed or not at all in previous ageing
studies however is it important to observe how different factors may be affecting RT
and IIV in healthy ageing (control groups) before comparing healthy ageing with

pathological ageing i.e. MCI or dementia.

If these factors are influential on information processing speed this may make these
older adults disproportionately slower than expected in healthy ageing. Failing to
take this account may have a significant impact on how results are interpreted (i.e.

possible incorrect interpretation of brain integrity in ageing).
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It is important that the data from older adult control groups are robust and related to

the integrity of brain function rather than any extraneous variables.

The aim of the research presented in this thesis was to investigate how using
different tests of attentional function in similar groups of young and older adults may
affect the outcome measure of information processing speed and its variability (IIV).
Within this aim is to determine whether the number of trials may influence
performance thus outcome measure (RT, IIV) and accuracy (number of errors).
Another aim is to determine whether result outcome in similar large groups is
effected similarly across tests by a variety of person-related factors i.e. sex,
education, objective cognition measure (MoCA), particularly previously un-tested
factors of subjective memory function and perceived test difficulty which may help
determine whether subjective feelings are associated with slower and more variable

information processing speed.

A large study (Chapter 3 onwards) included a variety of different visual attention
tests and using the same groups of young and older adults where possible to
determine whether result outcome is dependent on the type of attention test used.
However an initial study (Chapter 2) examined how factors of sex, education,
subjective memory function and perceived test difficulty may influence RT and IIV
using a typical research test of information processing speed and attention, namely
visual search. All these factors are examined in more detail in this introduction and in

the following chapters.

1.1. Scientific background and context.

1.1.1 Brain structure and neural changes related to information processing
speed in ageing

As ageing advances, there is a general or ‘natural’ decrease in the speed (i.e.
slowing) at which information can be processed [Birren, 1974; Birren, Riegel, &
Morrison, 1962; Salthouse, 1992]. It becomes more difficult for older adults to
process information quickly which is observed by slower reaction times [RTs] (i.e.,
information processing speed) when performing behavioural tasks [Craik &
McDowd, 1987; Salthouse, 1992]. Furthermore, slowing may increase as the task
increases in complexity. Tasks of greater complexity require larger amounts of
information to be processed thus require a larger number of mental operations which
produces a greater strain on mental resources such as attentional processing.
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Compared to young adults, older adults have less ability to deal with processing
larger amounts of information from more complex tasks at one time so instead
process smaller amounts of information consecutively [Kertchner et al, 2012;
McDowd & Craik 1988]. As a result, this produces a larger difference of processing
speed between young and old adults i.e. older adults’ information processing speed is
slower [e.g. Papp et al, 2014; Kertchner et al, 2012; Deary et al, 2011; Bugg et al,
2006; Kirby & Nettelbeck, 1991].

In cognitively normal ageing, death of neuronal cells results in brain volume
decrease during the lifespan at a rate of 5% per decade after the age of 40 years
[Svennerholm, Bostrom, & Jungbjer, 1997], and this rate increasing over the age of
70 years [Scahill, Frost, Jenkins et al., 2003]. Grey matter volume also decreases
[Raz, Gunning, Head et al., 1997] together with the density of synapses [Terry, 2000;
Good, Johnsrude, Ashburner et al., 2001], although the most significant volume loss
relates to white matter density [Chen, Li, & Hindmarsh, 2001] which can reduce by
up to 28% [Pakkenberg & Gundersen, 1997, see also Madden , 2007].

An increasing body of research evidence indicates that ageing-related reduction of
the integrity of white and gray matter, is significantly related not only to the decline
in cognitive and other aspects of information processing (such as executive function),
but also the slowing of such processing [Papp, Kaplan, Springate et al, 2014;
Nilsson, Thomas, O'Brien, & Gallagher, 2014; Kerchner, Racine, Hale et al, 2012;
Yarkoni, Barch, Gray et al, 2009; Charlton, Barrick, McIntyre, et al., 2006;
Sternberg, 1969; Rabbitt, 2015; de Groot, de Leeuw, Oudkerk et al., 2000;
Guttmann, Jolesz, Kikinis et al., 1998; Mella, de Ribaupierre, Eagleson & de
Ribaupierre, 2013; Salami, Eriksson, Nilsson, & Nyberg, 2012; Rabbitt, Scott, Lunn
et al., 2007, Kubicki, Niznikiewicz, Connor et al, 2009; Charlton, Barrick, McIntyre
et al, 2006; , Madden, Spaniol et al, 2008]. There is also substantial evidence to
indicate that as white matter changes occur in areas of the brain which support
different cognitive functions [Kubicki et al, 2009], disruption to, and slowing of,
numerous and very specific aspects of information processing can be observed. For
example, Tuch and colleagues [2005] found that poor integrity of visual tracts, such
as the right posterior thalamus and the right optic radiation, was correlated with the
slower processing speed of visuospatial functioning. It is important to know what
happens to information processing speed primarily in healthy ageing as it included as
an important measure in the DSM -5 for NCD i.e. comparing MCI or dementia to
healthy controls.
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1.1.2. Brain structure and neural changes related to information processing

speed in Alzheimer’s disease.

The term dementia describes a variety of symptoms including, but not restricted to,
loss of memory and difficulties with language, thinking and problem solving
[Alzheimer’s Society, 2017]. Dementia develops as a result of disease, the most
common being Alzheimer’s disease (AD) [Alzheimer’s Association, 2017; Ferri,
Pronce, Brayne et al, 2005]. AD is a neurodegenerative disease arising from, or
associated with the presence of amyloid-f plaques and neurofibrillary tangles in the
brain [Hardy & Selkoe, 2002; Delacourte, David, Sergeant et al, 1999]. These
abnormal proteins result in the loss of connections in the brain and eventually the

loss of brain tissue and the death of nerve cells and abnormal function.

The loss of connections in AD is eventually widespread, affecting several structural
and functional regions such as the parietal, frontal and temporal lobes [Feller, 2016;
Martin, 2015; Pritchard, 2011; Arnold, Hyman, Flory et al, 1991] resulting in
abnormal function and slowing in areas such as cognition, attention, language,
memory [Peters, 2006; Hyman, Van Hoesen, Kromer & Damasio, 1986], perception
[Rizzo & Nawrot, 1998; Gilmore, Wenk, Naylor & Koss, 1994] and problem solving
[Willis, Allen-Burge, Dolan et al, 1998; Morris, 2005] thus resulting in detrimental

effects upon the ability to carry out daily activities.

As AD is associated with an even greater degree of white matter deterioration than
that related to cognitively normal ageing [Bartzokis, Cummings, Sultzer et al, 2003]
1.e. white matter hyperintensities [Brickman, Zahodne, Guzman et al, 2015; Yoshita,
Fletcher, Harvey et al, 2006; de Leeuw, Korf, Barkhof et al, 2006; Capizzano, Acion,
Bekinschtein et al, 2004; Paus, Collins, Evans et al, 2001], one would therefore
expect to observe a disproportionate slowing of information processing speed, in AD
across a great many aspects of brain function. Indeed early research revealed that
white matter lesions found in AD [Burns, Church, Johnson et al, 2005; Barber,
Scheltens, Gholkar et al, 1999; O’Brien, Desmond, Ames et al, 1996] are associated
with slower information processing speed [Burns et al, 2005; Amar, Bucks, Lewis et
al, 1996; Skoog, Berg, Johansson et al, 1996]. In addition, information processing
speed has been found to be significantly slower and more variable in relation to
visual attention—related processing in AD compared to healthy ageing [Verhaeghen

& Cerella, 2002; Foster et al, 1999].
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The substantial evidence for a relationship between the slowing of information
processing speed particularly in relation to attention-related processing and AD, has
led to the inclusion of slowed information processing speed, specifically in relation
to attention-related function, as a component in diagnostic criteria (particularly in the

newer DSM-5 criteria).

As aresult of the relationship between information processing speed and AD,
information processing speed is increasingly examined in prodromal stages of
dementia such as mild cognitive impairment (MCI) in order to determine whether it
can predict the development of dementia thus the diagnostic aspect of information
processing speed is clear. What is perhaps less obvious however, is how slowing of
information processing speed in ageing and AD can also significantly negatively
influence everyday activities, behaviour and well being. The importance of
accurately assessing and interpreting information processing speed integrity is not

just related therefore to a diagnostic context.

1.1.3. Brain structure and neural changes related to information processing
speed in Prodromal Stages of Alzheimer’s disease: Mild Cognitive Impairment

(MCI)

MCl is a condition where an individual reports a complaint with their memory
which, when measured objectively, is impaired compared to what is expected for
someone of their age. General cognition is relatively preserved and there are only
minor issues of performing daily activities. The final criterion is that individuals are
not classed as demented when assessed from examining the previous four criteria

[see Petersen, 2004; Petersen, Smith, Waring et al, 1999].

For some people, MCI represents a prodromal stage of Alzheimer’s disease and
indeed there is some evidence that at least in some people with MCI, white matter
integrity and function is compromised [Zhang, Schuff, Camacho et al, 2013; Bilello
et al, 2015; Radanovic et al, 2013; Olsson, Klasson, Berge et al, 2013, Bombois,
Debette, Delbeuck et al, 2007; Yoshita et al, 2006], in the frontal, parietal, occipital,
and temporal lobes [Defrancesco, Egger, Marksteiner et al, 2014; Huang & Auchus,
2007; Babiloni, Frisoni, Steriade et al, 2006]. As in AD, one might therefore expect
to find significant slowing in MCI (at least for some people) in various aspects of
brain function especially those associated visual attention-related processing,
compared to cognitively healthy ageing.
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Indeed it has been demonstrated that behavioural information processing speed can
disproportionately slow in MCI [Ballesteros, Mayas & Reales, 2013; Gorus, de
Raedt, Lambert et al, 2008; Nestor, Parasuraman & Haxby 1991] with some evidence
of greater slowing in MCI cases which develop into dementia [Tales, Leonards,
Bompas et al, 2012], although there is a relative lack of research in this area to allow
comparison of results and the determination of any robust effects. Regardless of MCI
heterogeneity it is important for research to observe how it differs to healthy ageing
i.e. in relation to information processing speed to help better MCI and clinically, help
distinguish between individuals ageing healthily and pathological ageing. Therefore
in order to achieve this, RT needs to be examined firstly in healthy ageing to
understand how information processing speed is affected thus understand when

levels of slowing become abnormal.

In a series of studies by Tales and colleagues [Tales, Snowden, Phillips et al, 2011;
Tales, Bayer, Haworth et al, 2010; Tales, Haworth, Nelson et al, 2005] and other
research groups [Binetti, Cappa, Magni et al, 1998; 1996] either slowing of RT has
been found in MCI or slowing of MCI has been found to be similar to levels
expected in healthy ageing. This outcome variability may relate to differences in
methodology i.e. sample sizes or differences in the type of test used. Few studies
have shown significant group mean differences in information processing speed
between cognitively healthy older adults and individuals with MCI [Petersen, 2004;
Petersen et al, 2001]. Arguably, a reason for such variability of outcome is that MCI
is aetiologically heterogeneous (i.e., having many other causes than
neurodegenerative disease, such as lack of sleep, anxiety or depression) and it may
only be those who have prodromal AD that exhibit slowed information processing
speed and thus the proportion of such people in anyone research group would affect
study outcome. What is also apparent from some other studies [e.g. Haworth et al,
2016; Phillips et al, 2013] that have published box plots of the results, is that any
given MCI group can contain some people who have a slowing or greater variability
of information processing speed far greater than other group members and which

resembles more closely the performance of those people living with AD.

Incidentally, this may also be found in ageing studies [e.g. Torrens-Burton et al.
2017; Haworth et al, 2016] that some older adults perform disproportionately slower
than expected in ostensibly healthy ageing and may resemble more closely

performance of individuals with MCI or MCI as a precursor to dementia.
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Arguably as slowed information processing is a characteristic of AD; it is possible
that the individuals with MCI who show significant slowing may be at the greatest
risk of developing AD and there is some evidence to indicate that this is the case
[Tales et al, 2010]. As a result of such evidence, the measurement of information
processing speed has been included in the clinical diagnosis and follow-up of MCI
and AD and the relatively new DSM-5 document states that measuring processing
speed is valuable for a dementia diagnosis, especially when measured in relation to

attention.

What remains uncertain and not addressed by the DSM-5 is whether individual
differences in factors such as sex, educational level, subjective memory complaints
and perceived test difficulty, influence the results, and particularly can account for
disproportionate slowing (i.e., outliers), i.e., are people who have outlying
performance more likely to have early dementia or a neurodegenerative or disease
basis for their slowing or is it related instead to these other factors? Evidence from
previously published box plots also reveals that irrespective of cause, some people
with MCI and some ostensibly cognitively healthy older adults show a greater than
expected level of slowing (i.e. they are outliers) and thus potential for a poorer life

quality.

1.1.4. Brain structure and neural changes related to intraindividual variability

(IIV) in ageing

It is relatively rare for RT and ageing studies to routinely include a measure of
intraindividual variability and it is relatively rare for IIV to be used clinically and it
does not figure in the DSM-5 for neuro-cognitive disorders. Therefore a novel aspect

of this PhD was to examine both RT and IIV in ageing.

Intraindividual variability (IIV) of information processing speed reflects the variation
of behavioural responses within a single persons’ overall performance thus the
functional integrity the central nervous system (CNS). As is the case for information
processing speed, IIV is associated with white matter integrity [Walhovd & Fjell,
2007; Jackson, Balota, Duchek et al, 2012] more so than grey matter integrity [Moy,
Millet, Haller et al, 2011; Walhovd & Fjell, 2007] and associated with frontal lobe
white matter hyperintensities in healthy ageing [Bunce, Anstey, Christensen et al,

2007].
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As aresult, an increase in II'V has been observed to be associated with impaired
cognition [MacDonald et al, 2008; 2006] such switching attention and working
memory [Head, Jackson, Balota et al, 2011] as well as the processing speed of such
functions [Mazerolle, Wojtowicz, Omisade et al, 2013; Garrett, MacDonald &
Craik, 2012].

In ageing studies, older adults have been found to have more varied processing
speed compared to young adults [Mella et al, 2013; Dykiert et al, 2012; Fozard et al,
1994; Inui, 1997] despite previous opposition [Waugh et al, 1973] thus implying IV
is effected by age [MacDonald, Nyberg, & Backman, 2006; Hultsch, MacDonald, &
Dixon, 2002]. In addition some there is some evidence for IIV being more sensitive
to ageing and dementia compared to the effects of information processing speed

[Phillips et al, 2013; Jackson et al, 2012; Kelly et al, 2008].

As with information processing speed, IIV may be influenced by a variety of factors
which has not been fully investigated previously. Thus alongside information
processing speed, the functional integrity of intraindividual variability of processing
speed will be investigated in this thesis, related to attention-related processing in both
young and older adults and with respect to subjective memory function, education,
sex and perceived test difficulty. In order to measure IIV, some attention tests (used
in research or in clinical practice) using multiple trials (i.e. visual search and MILO)
are included in order to efficiently highlight individual differences in information

processing speed variability.

1.1.5. Brain structure and neural changes related to intraindividual variability
(IIV) in MCI and AD

As mentioned for ageing studies it is relatively rare for RT and aMCI and AD studies
to routinely include a measure of intraindividual variability despite some recognition
that an increase in IIV is related to neurological disorders [e.g. Jackson et al, 2012;

Anstey et al, 2007; MacDonald et al, 2006].

In healthy ageing IIV has been found to relate to white matter integrity [Walhovd &
Fjell, 2007; Jackson et al, 2012] and associated with frontal lobe white matter
hyperintensities [Bunce, et al, 2007] which has also been found in MCI and AD
along with white matter atrophy in temporal and parietal areas [Huang & Achus,

2007].
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The integrity of IIV has also been associated with atophy of the corpus callosum in
MCI [Wang et al, 2005; Teipel et al, 2002; Hensel et al, 2002] and in AD [Gootjes et
al, 2006; Thomann et al, 2006; Wang et al, 2005]. Therefore as with healthy ageing,
there is some evidence that pro-dromal AD at the MCI stage is associated with
increased IIV [Philips et al, 2013; Kilin, Pfluger, Gietl et al, 2014; Wang et al, 2005;
Teipel et al, 2002; Hensel et al, 2002] as well as in early AD [Jackson et al, 2012. In
addition, an increase in IIV may predict a decline from aMCI to AD within 2.5 years

[Tales et al, 2012].

1.1.6. Subjective Cognitive Impairment (SCI) and subjective memory function

The potential influence of MCI upon information processing speed is acknowledged
in both research and clinical arenas of ageing research. When information processing
speed is measured in ‘normal’ ageing, individuals with MCI are excluded i.e. MCl is
an exclusion criterion for older adult control groups when young and older adults are
investigated. In addition, even in the absence of clinical diagnosis, older adults
recruited for ageing and dementia-related studies are required to show objectively
measured normality in general cognitive function (e.g. as measured by the MoCA
[Nasreddine, Phillips, Bedirian et al, 2005]). However, it is now clear that there is
another condition called Subjective Cognitive Impairment (SCI), which although
aetiologically heterogeneous, can for some people represent an earlier prodromal
stage of Alzheimer’s disease than MCI. Therefore SCI may also be characterised (for
some people) by disproportionately slower and more varied information processing
speed compared to healthy ageing. Some older adults recruited for healthy control
groups may exhibit SCI but has not been considered in previous RT studies

examining MCI or dementia.

SCl is a condition where older adults report problems with their cognition yet when
measured objectively i.e. in memory clinics, there is an absence of any verified
cognitive decline [Garcia-Ptacek,Cavallin, Kareholt et al, 2014; Desai & Schwartz,
2011; Reisberg, Shulman, Torossian et al, 2010; Reisberg, Prichep, Mosconi et al,
2008]. Despite an absence of objectively verified cognitive impairment, these
subjective cognitive complaints have been associated with experiencing poorer
verbal memory [Schaafsma, Homewood and Taylor, 2010], impaired executive
function [Genziani, Stewart, Béjot et al, 2013] and a general slowing of information

processing speed [Mol, van Boxtel, Willems et al, 2006].
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SCI represents individuals who have been to their GP about their memory concerns
i.e. it is a clinical diagnosis. However in many research studies, ostensibly older
adults used in control groups may report subjective memory problems but have not
visited their GP (namely subjective memory function) and these subjective problems
may also act as confounds on task performance i.e. detrimentally affecting RT and
ITV. Prevalence of individuals in the general population experiencing concern with
their cognitive ability is high [Desai & Scwartz, 2011; Cooper, Bebbington, Lindesay
et al., 2011; Lautenschlager, Flicker, Vasikaran et al, 2005] with figures in the older
adult population reaching as high as 88% [Smith, Peterson, Ivnik et al, 1996].
Despite this high prevalence, possible subjective memory impairment (clinically
diagnosed or reported by people in the general population not visiting their GP)
remains relatively unexplored and understood particularly the relationship between
subjective feelings and a wide range of other brain functions i.e. attention and
information processing speed [see Tales, Jessen, Butler et al, 2015] and the potential

impact this may have upon daily life.

One issue with fully understanding SCI (thus subjective memory function) is that it is
aetiologically heterogeneous [Cheng, Chen & Chiu, 2017] and cause cannot be
established in some cases [Gifford, Liu, Damon et al, 2015; Silva, Guerreiro, Faria et
al, 2014; Reid & Maclullich, 2006]. SCI and its influences on cognitive performance
1.e. memory, may be associated with other conditions such as anxiety and depression
[Caselli, Locke, Dueck et al, 2014; Montejo, Montenegro, Fernandez, & Maestu,
2011] or with higher social class and worse physical health [Begum, Morgan, Chiu et
al, 2012]. In these cases cognitive impairment may be reversed [Balash,
Mordechovich, Shabtai et al, 2013; Wehling, Lundervold, Standnes et al, 2007] as

these conditions can be easily treated [Tales et al, 2015].

Alternatively, SCI may relate to underlying pathological causes e.g. Alzheimer’s
disease or other forms of dementia and represent a greater risk of developing MCI
and or AD [Cheng et al, 2017; Jacinto, Brucki, Porto et al, 2014; Jessen,
Wolfsgruber, Wiese et al, 2014; Mitchell, Beaumont, Ferguson et al, 2014; Steinberg
et al., 2013; Scheef et al., 2012; Jessen, Wisse et al, 2010; Reisberg et al., 2010;
Glodzik-Sobanska, Reisberg, De Santi et al, 2007; Geerlings, Jonker, Bouter et al,
1999] and studies have found evidence that SCI can show similar patterns of
impairment to brain function as found in AD [Caselli, Chen, Locke et al, 2014;

Rodda, Dannhauser, Cutinha, et al, 2011; Johannsen, Jakobsen, Bruhn et al, 1999].
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Such possible effects mean that if older adults in ostensibly healthy control groups
have a variation of SCI, this may have an effect on cognitive function i.e.
disproportionately slower information processing speed. However it is unclear
whether this may also occur in individuals who report subjective issues with their
memory but have not visited a GP, namely subjective memory function. Thus for this
reason the studies in this thesis examined subjective memory function and its effects
on information processing speed and IIV in older adults in the general population. It
is clear that the majority, if not all, of previous ageing studies comparing young and
older adults and also studies comparing healthy ageing to and MCI or AD have not
tested their older adult control group for subjective feelings of memory (whether SCI
or subjective memory function). If such either such subjective feelings in these
‘control’ participants are associated with slowed information processing speed but
not taken into account, this could affect study outcome i.e. bias results and impact
how ageing is characterised in research studies, and in clinical settings impact how

the differences between healthy ageing and MCI or dementia are interpreted.

Currently for a SCI diagnosis, memory clinics conduct the same neuropsychological
tests used to measure and diagnose MCI and AD. This includes the Mini mental state
exam (MMSE) measuring for overall cognition and used for dementia diagnosis.
However, there is a scarcity of research examining SCI and information processing
speed, particularly in relation to visual attention which is stated to be important to
measure in relation to information processing speed (DSM-5 criteria). Tests of
attention are not measured in great detail during a diagnosis in a clinical setting and
only information processing speed is measured (and not IIV) using the Trail Making
Test if at all. This is definitely the case if individuals are not referred to a specialist

memory clinic.

In addition it is also unclear whether similar effects on information processing speed
are found for subjective memory function as with SCI. Understanding how
information processing speed and IV is associated with subjective memory function
in different cognitive functions such as visual attention (and how it may or may not
differ between tests) may incidentally help to further characterise clinically
diagnosed SCI if indeed the two are related. Past research has found mixed findings
for whether there is a relationship between subjective memory and objective

cognitive performance [Reed, 2010].
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Self rated measures have been associated with cognitive performance in healthy
adults thus implying that subjective measures are valid tools for predicting cognitive
decline [Reed, 2010; Cook & Marsiske, 2005; Earles & Salthouse, 1995]. A
relationship has been found between subjective complaints and a diagnosis of
baseline cognitive impairment [Schofield, Marder, Dooneief et al., 1997] or dementia
[Grut, Jorm, Fratiglioni et al., 1993]. In contrast, other studies have found no
relationship between subjective memory complaints and cognitive performance thus
related any impairment down to other factors such as depression [Barker, Carter, &

Jones, 1994].

It is also argued that no relationship is found between dementia and subjective
memory complaints due to anosognosia; the patient having the inability to judge their
own cognition due to denial or unawareness that anything is wrong [Ansell & Bucks,
2006; Kalbe, Salmon, Perani et al, 2005; Sevush & Leve, 1993]. Therefore, of
particular interest in this thesis was to examine information processing speed and 11V
in relation to subjective memory function i.e. individuals reporting subjective
changes to memory function who have not been to the GP thus do not have a
formal/clinical SCI diagnosis (as measured by the Memory Functioning
Questionnaire (MFQ) [Gilewski, Zelinski & Schaie et al, 1990]). We aimed to
determine whether RT and II'V performance is associated with perceiving changes to

memory function and whether this is dependent on the type of attention test used.

1.1.7 DSM-5 criteria

The diagnostic criteria within the DSM-5 classes MCI and AD under the categories
of mild to major Neurocognitive Disorder (NCD); a preferable, broader term to
incorporate conditions which effect younger individuals i.e. brain injury or HIV and
individuals with similar substantial decline in specific cognitive domains but may
relate to a different condition i.e. amnestic disorder [American Psychiatric
Association, 2013].Within these two categories of NCD, a number of symptoms need
to be present for a diagnosis which incorporates different cognitive domains such as

impairments with memory, language and social cognition.
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Specifically in relation to information processing speed and attention (our focus
within this thesis) initial symptoms delirium are acknowledged which is categorized
as having a disturbance in attention (such as shifting or sustaining attention) and
awareness (i.e. orientation) which has developed over a short time period and
alongside an additional cognitive disturbance (i.e. memory deficit). Individuals
experiencing these symptoms of delirium are further diagnosed with symptoms
within the domain of ‘complex attention’. For mild NCD (MCI) these symptoms
include finding errors in routine tasks, taking longer than usual to complete tasks and
required double-checking of work more often. For major NCD (i.e.AD), attentional
symptoms include being easily distracted by competing events, inability to attend
unless input is restricted or simplified and having difficulty in retaining new

information.

The older adult samples included within this thesis, are ostensibly healthy older
adults who have not visited a GP with any cognitive complaints similar to the ones
described above; not even delirium symptoms. Therefore they do not fit the criteria
for mild or major NCD as routine performance is relatively ok i.e. no significant
issues or errors made when performing routine tasks. These individuals would be
potentially classed in clinical terms as cognitively healthy and used as control groups
to compare healthy ageing with pathological ageing (i.e. MCI or AD). Although as
stated through the thesis, there may be individuals who have not seen their GP but
may be beginning to experience issues with their cognition (subjective memory
function) which may already be having a negative influence on processing speed and
daily functioning. These individuals may later be categorised as having SCI once
visiting their GP. The DSM-5 does not state SCI directly but as mentioned above,
individuals with SCI would begin to experience such as the types of problems
described for mild NCD i.e. noticing more errors when performing tasks but not to
the extent required for a diagnosis within the DSM-5 criteria (i.e. still performing
normally during objective testing of cognitive domains). Individuals with subjective
memory function or SCI within an ostensibly healthy older adults control group may
subsequently become outliers thus skew the results leading to a misleading

characterisation of what is considered to be healthy ageing.
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1.2. Selective Attention and information processing speed

There are an abundance of studies examining the functional integrity (i.e. in relation
to information processing speed) of many different aspects of visual attention i.e.
divided attention, inhibition of return, phasic alerting and associated executive
function [Sventina, 2016; Fraser & Bherer, 2013; Pratt & Chasteen, 2007; McAuliffe
et al, 2006; Langley et al, 2001; Finke et al, 2012; Tales et al, 2011; Festa-Martino et
al, 2004; Tales et al, 2002; Plotek et al, 2014; Tales et al, 2010; Traykov et al, 2007;
Yuspeh et al, 2002]. Therefore the importance of measuring information processing
speed with respect to visual attention is increasingly emphasised [Gordon, Zacks,
Blazey et al., 2015] i.e. as mentioned in the DSM-5 criteria [Sachs-Reicsson &
Blazer, 2015].

In addition, many studies indicate that attentional function and information
processing speed in attention can be affected in ageing [Sofko, Boettcher, Hoadley,
et al, 2014; Potter, Grealy, Elliott et al, 2012; Colcombe, Kramer, Erickson et al,
2005;Verhaeghen & Cerella, 2002; Brink & McDowd, 1999; Faust & Balota, 1997]
as well as in MCI and AD compared to cognitively healthy ageing [Gordon et al,
2015; Bayer, Philips, Porter et al, 2014; Sinai, Phillips, Chertkow & Kabani, 2010;
McGuinness, Barrett, Craig, et al, 2010; Tales et al, 2010; Tales et al, 2005; Tales
Muir, Bayer & Snowden, 2002; Binetti et al, 1998; Nebes & Brady, 1993; Pate,
Margolin, Friedrich, & Bentley, 1994; Grady, Haxby, Horwitz et al, 1993; Nestor et
al, 1991].

Previous research also indicates that irrespective of cognitive impairment,
information processing speed can vary in the same group of people and even within a
single attentional function depending on the methodology i.e. type of test used
[Torrens-Burton, Basoudan, Bayer et al, 2017; Haworth et al, 2016; Tales et al, 2010;
Fernandez-Duque & Black 2006; Hartley, 1993] and in relation to the specific
aspect(s) of brain function, 1.e., attention, that is being measured. The DSM-5 criteria
fail to take into account the potential outcome variability which would make it
difficult to obtain a true understanding as to the level of slowing expected during
ageing and thus recognise when levels are disproportionately slower implying

pathological change related to dementia i.e. AD.
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1.2.1. Selective attention

Although there are, in research terms, many different aspects and definitions of
visual attention (which can be affected in aging i.e. slower information processing
speed), one of its most important functions is that of selective attention [Gordon et al,
2015]. Due to limited resources, the brain is unable to process all the information
within the visual environment to a high, behaviour-influencing, level. Only
information at the centre of our attentional field (attentional focus) can be processed
to a high level while information outside of this focus cannot be processed to such a
high level or at all. Information falling outside attentional focus within our visual
environment can capture the focus of our attention or we can voluntarily shift the

focus of attention to it.

The focus of our attention can be automatically captured by salient information (pop
out) or controlled to different non-salient items i.e. attending to distractors in turn
until the target is found. Aspects of selective attention and information processing
speed, and its effects in ageing, MCI and dementia i.e. AD are discussed in more
detail in the chapters (see particularly visual search in Chapter 2, pages 51-60).
Evidence has found information processing speed relating particularly to selective
attention to slow in ageing [Owsley, 2011; Madden, 2007; Zeef, Sonke, Kok et al,
1996; Zeef & Kok, 1993; Nissen & Corkin, 1985; Cohn, Dustman & Bradford, 1984;
Eriksen & Eriksen, 1974]. Therefore in the following studies in this thesis
information processing speed and IIV will be examined in relation to selective

attention.

1.3. Participant-related factors in information processing speed research

The sections above highlighted various areas of attentional function which may
become impaired during ageing, MCI or AD. However it has been highlighted that
outcome variability exists and that this may be due to methodological factors such as
the type of test used. Of course these factors may not act in isolation and a significant
body of evidence, examined in the sections below, indicates that several, person-
related factors i.e. sex and education or unknown psychological factors i.e. perceived
test difficulty may also influence whether information processing speed is slowed or
not in healthy ageing either independently or in association with methodological

factors.
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This PhD aimed to determine whether information processing speed and IV are
associated with these different person-related factors in ageing and whether

performance outcome depends on the type of test used.

1.3.1. Sex and education

Information processing speed in visual attention can be influenced by sex [Dykiert,
Der, Starr & Deary, 2012; Karia, Ghuntla, Mehta, Gokhale, & Shah, 2012; Fozard,
Vercruyssen, Reynolds et al, 1994] and education [Hamdan & Hamdan, 2009;
Tombaugh, 2004; Deary, Der, & Ford, 2001; Houx & Jolles, 1993]. Males have been
found to perform some tasks significantly faster compared to males as found in
young adults [Karia et al, 2012; Blough and Slavin 1987] and throughout ageing
[Murphy, DeCarli, Mclntosh et al., 1996]. A notable sex difference has also been
found in the intraindividual variability of information processing speed i.e. variation

of behavioural responses within a single persons’ overall performance.

Females have been found to be more varied in their responses compared to men,
particularly at an older age [Reimers & Maylor, 2006; Deary & Der, 2005] although
sex variability can depend on the length of the task i.e. women begin the task slowly

then speed up [Reimers & Maylor, 2006].

The level or years of education can have an effect on performance level on
neuropsychological tests, with low levels of education recognized to have a negative
association of cognition in general [Ardila, Ostrosky-Solis, Rosselli, & Gémez,
2000], predict cognitive decline [Christensen, Korten, Jorm et al., 1997] or be an
effective moderator of cognitive ability in older adulthood [Kramer, Bherer et al,
2004] although this has not always been supported for information processing speed
[Christensen et al, 1997]. Bornstein & Suga [1988] suggested that education itself
relates to the onset of cognitive decline during ageing rather than the amount of
decline. It also needs to be established whether education has an effect on cognitive
processing alongside other factors for example occupation and socioeconomic status

[Kramer et al, 2004].

It has been argued that both sex and education are not measured in enough detail
during studies measuring information processing speed in visual attention during
ageing [Haworth et al, 2016; Phillips, Rogers, Haworth et al, 2013; Cangoz, Karakoc
& Selekler, 2009].
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Therefore the current research will measure the influence of sex and education on
information processing speed in each visual attention-related information processing
speed test to observe whether influences are equal (or indeed what the influences
may be) in all visual attention tests. This helps to determine how older adults used as
typical controls during AD and MCI studies (as well as the patients with MCI or AD)
and in addition individuals with subjective memory complaints, are affected by
changes to processing speed in visual attention or other factors such as education and
sex. Within each chapter sex and education are examined in greater detail according

to the attentional test being examined.
1.3.2. Anxiety and Depression

Cognitive impairment and information processing speed can be influenced by other
psychological disorders for example anxiety [Frick, Engman, Alaie et al, 2014;
Berggren & Derakshan, 2013; Sadeh & Bredemeier, 2011; Coombes, Higgins,
Gamble et al, 2009; Hainaut & Bolmont, 2006; Clarnette, Almeida, Forstl, et al,
2001] or depression [Singh-Manoux, Dugravot, et al., 2014; Steinberg et al, 2013;
Mascherek, Zimprich, et al, 2011; Rapp, Schnaider-Beeri, Grossman et al, 2006].

In terms of SCI, noticing significant slowing of processing has been argued to be a
risk factor of psychological distress occurring [Gale, Harris, & Deary, 2016]. Some
have argued therefore, that SCI or subjective memory complaints are more likely to
be related to anxiety and depression rather than cognitive impairment [Yates, Clare,
& Woods, 2015; Silva, Silva, Falcao et al., 2014]. This may also be the case for
subjective memory function as older adults in the general community perceiving
negative changes to their memory function and despite not visiting their GP for

different reasons, may experience significant distress as a result.

These factors may have in fact confounded previous studies measuring information
processing speed during healthy or pathological ageing but have failed to be included
[Tales & Basoudan, 2016] particularly in association to subjective memory function
Therefore it is important to note that current research measuring subjective memory
function ensured that people tested were within the normal range thus reducing any
effects of anxiety and depression to a minimum (discussed in more detail for each

test in Chapters 2 to 5).
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1.3.3. Perceived test difficulty

Perceived test difficulty is an example of psychological self-assessment where
individuals hold beliefs about themselves i.e. their own abilities or beliefs about the
demands of a task which can, as a result, have an effect on the outcome of a
cognitive activity i.e. slower information processing speed [Flavell, 1979]. There are
many examples self-assessment and individual may hold however in this thesis it
was examined whether perceived task difficulty is related to actual (objectively
measured) speed of information processing. Believing a task to be difficult to
perform may give a person the propensity to think they performed badly despite their
actual performance being as expected in healthy ageing and similar to other people.
This may have an effect on their information processing speed for example the more
difficult the task is perceived to be, the slower it is performed. If information is found
to be associated with this aspect of psychological self-assessment it may be more
likely that effects (i.e. slowed RT) could be responsive to intervention and possibly

reversed.

The level of difficulty perceived may depend on the test being performed and this
may change depending on the individual (i.e. highlighting individual differences).
Perception of difficulty may not reflect the designed level of difficulty of the task i.e.
a test designed to be simple can be considered difficult or a complex task considered
easy to complete. This may depend on other factors such as the level of education
and individual has (i.e. level of skill). In addition self —perception of test difficulty
may depend on perception of subjective memory function (i.e. if memory is
perceived to be poor individuals may perceive the test to be more difficult as a
result). Therefore the current thesis also aimed to examine whether there is any
relationship between reported memory performance, education levels (in years) and
the perception of task difficulty i.e., whether high levels of perceived memory
dysfunction or lower levels of education are associated with greater perception of

task difficulty [see Torrens-Burton et al, 2017 for similar analysis and discussion].

Some studies have found that psychological factors of self-assessment in general can
negatively affect cognitive performance [Rounis, Maniscalco, Rothwell et al, 2010;
Yokoyama, Miura, Watanabe, 2010; Bolmont, Thullier & Abraini et al, 2000].
Perceiving a test to be difficult can negatively affect mood which in turn can have a

negative impact on information processing speed [Bolmont et al, 2000].
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Nonetheless, this factor of self-perception can differ between individuals and has not
been taken into account during many previous studies of information processing
speed in particular in relation to different visual attention tests in ageing and MCI or

dementia studies.

If psychological factors have an influence on information processing speed but is not
taken into account, this may have significant implications on the integrity of the
results i.e. of control groups and impact how past ageing and dementia studies have
been interpreted. The influence of this novel factor of self-assessment on information
processing speed in relation to visual attention will be examined alongside other
factors of subjective memory function sex and education. Firstly it will examined
whether perceived test difficulty is related information processing speed of a
commonly used test (visual search in an initial study, see Chapter Two) but also
whether its influence on outcome is similar across a number of visual attention tests

in a group of the same individuals (second larger study, see Chapter Three to Five).

1.3.4. Number of trials

In RT research it is common to measure mean RT performance and IIV by using
multiple trials (e.g. psychophysics techniques) during the test. However it is rare for
RT studies to examine how the number of trials per se may have an effect on RT
performance and IIV as well as how the number of trials interacts with participant-
related factors such as sex (males/females). Multiple trials have been separated into
blocks e.g. during choice a RT test [Ballesteros et al, 2013; Brown et al, 2005;
Michaels, 1988] however this was part of the test design and not specifically for
measuring RT and IIV over time thus we aimed to examine potential influence of

trial number on RT and IIV.

A high number of trials in a single study can invoke fatigue [Woods et al 2015],
reduce sustained attention particularly towards the end of the test period [Fernaeus et
al 2013] or reduce the level of alerting required with sustained performance
[Voelker, Rothbart and Posner 2016] and as a result RT performance can become
slower throughout the test especially towards the end. In contrast a high number of
trials may, to some degree, improve RT performance and reduce age—related decline
in cognitive function due to repeated practice from performing multiple trials

[Yotsumoto et al 2015; Siettos and Smyrnis 2017].
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This may have an effect on how information processing speed is examined in
research or in clinics i.e. how many trials are included in RT tests if performance or

age related decline may be dependent on trial numbers.

In the Choice RT test (Chapter 4), information processing speed was examined
across four blocks modelled on the test methodology of Ballesteros and colleagues
[2013] in order to observe whether the number of trials related to participants
slowing and/or becoming more varied throughout the test (possibly due to fatigue) or
whether it related to participants speeding up and/or becoming less varied (possibly
due to practice effects). The effect of the number of trials is analysed and discussed
in more detail in Choice test (see Chapter 4). The effect of trial numbers could have
been examined during the other attention tests in this PhD which used multiple trials
(Visual search, Simple reaction time test and the Multi item localization test)

however the way in which the tests were programmed made this examination

difficult.

In addition, during the Simple RT test and the MILO trials which were performed
incorrectly (i.e. pressing the button too soon or pressing the wrong ball in the
sequence) were programmed to be repeated thus making it difficult to examine trial
numbers and possible effects on RT and IIV. Future studies using the same tests
would benefit from changing the configuration of the test design to make this

analysis possible.

1.3.5. Errors

Errors can occur while measuring reaction time (information processing speed) and
refer to making the incorrect response during the test, such as pressing the wrong
button on a keyboard corresponding to the required response. Not all RT and ageing
studies include error rates within their RT analysis which makes it difficult to make
comparisons between studies using a similar or different test of a particular cognitive
function or between studies measuring different cognitive functions. In addition,
studies failing to include error rates may be missing important analysis i.e. what the
number of errors represents. For example, some errors made during RT tests can be
accidental due to a lack of concentration or fatigue which results in an individual not

paying attention to which response they should be giving.
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Errors of this nature do not necessarily relate to significant cognitive impairment an
individual may have but more likely can be rectified by changing aspects of the test
or the environment 1i.e. time of day testing or breaks between blocks of trials

(although this presents its own issues as discussed above).

Error rates may highlight that the test cannot be completed accurately enough, or
even completed at all by some people accurately enough due to a fault in the test
design which may suggest it is not a sufficient test of RT. Other factors may also be
associated with error rates such as the level of education (higher educated individuals
may have more skills thus make less errors) or, as examined in the current thesis, the
effect of sex i.e. whether males or females make more mistakes. In contrast the
number of errors made may be highlighting significant cognitive dysfunction relating
to especially in older adults (it is more likely young adults’ cognitive function is at
‘normal’ levels). If this is the case, it may be important to include error rates when
examining RT performance as it helps identify which individuals whose performance
may not be reflecting healthy ageing. The effect and implications of errors are
discussed in more detail in relation to each attention test in the corresponding

Chapters 2 to 5.

Errors can also relate to a speed/accuracy trade off [van Veen, Krug, & Carter, 2008;
Salthouse, 1979] where during an RT test an individual places more emphasis on
either speed (completing the test as quickly as possible) or accuracy (completing the
test as accurately as possible). Individual differences can occur even between age
groups with older adults placing more emphasis on accuracy rather than speed
[Brébion, 2001; Salthouse, 1979]. Individual differences of the speed/accuracy trade-
off between participants are recognised and anticipated during RT studies [Brébion,
2001; Yellott, 1971; Pachella & Pew, 1968]. As with the current research, studies try
and control for this speed/accuracy trade off by instructing individuals to be as fast
and as accurate as possible however it but may still occur regardless of instruction.
Implications of speed/accuracy trade-off are discussed in more detail in relation to
attention tests in this thesis (see Chapter 6, pages 272-273). In the current research,
the numbers of errors were compared between young and older adults and between
males and females as well as compared between the different attention tests to

determine whether error rates differ with age and sex or the type of test used.
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2.0 CHAPTER TWO: Visual Search

2.1. Introduction

As mentioned in the introduction, the first aim of this PhD was to investigate the
functional integrity of information processing speed and its intraindividual
variability (IIV) in younger and older adults in relation to a variety of different visual
attention-related selective attention tests i.e. how the use of different tests of
information processing speed in the same people might produce different results. The
second aim is to investigate in more detail what influence sex and education may
have on information processing speed and IIV and in a novel approach, the potential
influence of subjective memory function and perceived test difficulty; both factors of

which have been subject to very little previous investigation.

In this chapter the initial study is described, which examines the potential effects of
subjective memory function (SMF), perceived test difficulty, educational level and
sex, in relation to attention-related information processing speed in younger and
older adults, using the commonly used research task of visual search [Tales, Bayer,
Haworth et al, 2010]. This task has been used frequently in previous studies to
measure potential differences in attentional shifting and information processing
speed associated with visual attention-related processing in healthy ageing, MCI and
AD. Unlike the previous studies in this area [Landy et al, 2015; Kiss et al, 2012;
Tales et al, 2010; Madden , Gottlob et al, 1999] the research forming part of this
PhD, measures these aspects of information processing in larger groups of both
younger and older adults and examines in greater detail the potential influence upon
such results of such factors either poorly addressed (sex and education) or not
addressed in previous studies (perceived test difficulty and subjective memory
function). How these previously ignored factors may affect information processing
speed may influence in future how we in fact interpret the results of visual search
tests and especially in terms of what constitutes an ostensibly cognitively health
older adult control group in studies of visual attention-related function and

information processing speed in MCI and dementia.
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The visual search test

The brain has a limited information processing capacity and is thus unable to
processes all the information in our visual field in parallel. Information processing
resources therefore need to be directed primarily to information in the environment

which is potentially important and sequentially moved around if necessary.

Selective attention refers to the process of focussing attention on a goal-related target
or potentially important information, whilst ignoring surrounding irrelevant
information [Lavie, Hirst, De Fockert & Viding, 2004] and shifting that attentional
throughout the environment when necessary i.e. it is ‘selectively’ choosing or
automatically directing attention to what is or might be the most important thing in

the environment.

The focus of attention can be likened to the beam of a torch. Where this focus or
beam falls is the area where the majority of the brain’s processing capacity is
focused and applied to the processing of the information at that location to a level
which reaches consciousness and can affect behaviour. Processes include perception
and cognition as opposed to minimal basic information processing which might tell
the brain that something is there but not what it is. The focus of attention can be used
to process information at will, i.e., what we choose to concentrate upon. However, to
raise awareness of potential important changes within our environment that may be
potentially important or relevant to current behaviour, our focus of attention can also
be automatically captured by potentially important stimuli thus causing such stimuli

to be processed.

As the focus of attention is unable to cover all the information within a scene, it has
to be directed to regions or objects of greatest importance in some circumstances e.g.
when searching for something. There are two main ways in which the focus of
attention can be directed to information within the scene. Automatically (or pre-
attentive, i.e. beyond our control) by virtue of the high saliency of an object
compared to its surroundings via an automatic change detection system or via top
down control (endogenous or volitional control/choice of processing) in which the
focus of attention is, at will, moved or shifted throughout the environment and the
information contained within it until a given pre-defined stimulus object or target is
located and processed. Both of these processes per se and the speed of such
processing are commonly investigated by the Visual Search paradigm which uses

specific stimuli representing the environmental factors that elicit shifts of attention.
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The ‘Feature Search’ component of the paradigm represents the conditions under
which the focus of attention can be automatically shifted to a given salient object
within the environment. The ‘Conjunction component’ of the paradigm represents
the conditions under which the focus of attention has to be shifted ‘at will’ to the
location of given object within the environment when the object is not salient but
instead is made up of conjoined features present in both the object and the

environment.

In automatic, feature search [Treisman & Gelade, 1980] the participant is asked to
find a pre-defined target and make a response to it. This target is designed to be
highly salient so that it captures attention automatically, by virtue of its unique
feature i.e. colour or shape [Wang, Cavanagh, et al, 1994] compared to its
surroundings; this distinctive feature creating a ‘pop out effect’ [Posner, Nissen, &
Ogden, 1978]. There is no need for the serial shifting of the focus of attention, so it
is usually a very fast response [Huang & Hsieh, 2013; Ruz & Lupidiiez, 2002], i.e.
the focus of attention is directed straight to the location of the information thus the

time taken from the appearance of the target and the response to it is very rapid.

In Conjunction search [Treisman & Sato, 1990; Posner & Cohen, 1984] the
participant is asked to find and to make a response to a target that is similar to its
surroundings. In this condition, various features are joined together i.e. the target
isn’t defined by a simple salient feature but the conjoining of features from the target
and the surroundings (e.g. a red horizontal bar target surrounded by non-target red
vertical bars [Arguin, Joanette & Cavanagh, 1993; Triesman & Schmidt, 1982].
Because the target is not salient it cannot summon attentional focus automatically,
i.e., directly to it’s location. Instead, the focus of attention has to be serially shifted
throughout the visual scene in order to locate and respond to the target [Kiss et al,
2012] i.e. attention shifted from object to object ‘examining’ each one until the pre-
defined one is found and can be responded to. As a result, conjunction search takes

significantly longer to perform compared to feature search.

Conjunction search provides an indication (in terms of information processing speed)
of the detrimental effect of distracting but irrelevant information on the identification
of specific objects within our environment i1.e. generally speaking RT is slower when
irrelevant distractors are present. The difference in information processing speed
between conjunction search reaction time (RT) and the feature search RT is an
indicator of how much distracting information slows down the processing of a given

object i.e. the efficiency of attention shifting.
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In addition it relates to the efficiency by which attention is serially disengaged,
shifted and re-engaged and how well, once the target is found, it is processed. This
function is a highly important one for everyday environmental interaction and thus
behaviour, and if it is significantly slowed it can have detrimental effects upon

everyday life.

The visual search test paradigm [Tales et al, 2010] employed in this (and many
previous studies) to measure attention and attention-related information processing
speed is a computer-based, multi-trial psychophysics test used to measure both
feature and conjunction search, i.e. measures of automatic attentional capture and
attentional shifting respectively. The visual search test is also a measure of executive
function i.e. attentional control, cognitive flexibility, planning and working memory
and functions such as eye movements, shifting attention and decision making. In
each trial a target symbol of either a left or right pointing arrow is presented for
participants to respond to (see Figure 1). The target symbol appears either alone or
with seven distractors of arrows pointing up or down. Each of the arrows is
presented equally spaced within a clock-face configuration. Participants are asked to
respond as quickly and as accurately as possible to the required targets (left or right

arrows) by pressing the corresponding arrow on a keyboard.

Figure 1: Representation of the stimuli in which the target arrow ‘<’ is presented
alone (automatic feature search) or surrounded by 7 distractors (conjunction search)

The target when surrounded by distracters constitutes a conjunction search condition,
i.e., the conditions under which the target does not pop out; it does not automatically
capture attention, but instead the distractors are similar to the target in colour (all
white) but different in orientation (target arrow left or right surrounded by distractor
arrows up and down). The focus of attention has to be sequentially shifted
throughout the visual field (i.e., through each stimulus) before the target can be

found and then processed (i.e., determine which way it is pointing).
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The task also contains a target alone condition that enables the efficiency (speed) of
the automatic processing of the same target (feature search and ‘pop out’ effect).
The target alone condition also allows us to compare baseline choice RT between
and within groups [Tales et al, 2010], i.e., it is a simple choice reaction time
measure). Subtracting the target alone condition from the target plus distractors
condition (target plus distractors-target alone) allows for a measure of the overall
efficiency of attention shifting i.e. how much of an effect distractors are on attention
shifting. In addition the task contains multiple trials enabling the measurement of

intraindividual variability (IIV) i.e. the variability of RT performance.

Biological basis for feature and conjunction visual search

Feature search, i.e., the automatic capture of attention by salient information, is
associated with activity in posterior regions of the attentional network i.e. the
superior parietal cortex and angular gyrus [Madden, Spaniol, Whiting et al, 2007]
and in the frontal cortex [Lavie & Fockert, 2006]. Pollmann, and colleagues [2006]
argue that the anterior prefrontal components underpin the transient bottom up
activation that are involved in feature detection, although they also found evidence to
suggest that other areas are also involved in processing the features of a stimulus i.e.
the V4 area processing colour and the V5/MT area processing motion. The
importance of specific visual areas in this aspect of processing has also been
supported by Zhaoping & Snowden [2006] who proposed the V1 visual area is
important for coding salient information. Therefore coding salient information does
not just occur in areas of the extra striate cortex as previously assumed [Moran &

Desimone, 1985].

For conjunction search i.e. shifting attention throughout the visual scene, areas such
as the parietal cortex, are activated. Damage to the left parietal lobe has been found
to have a detrimental effect on visual orienting [Han, Jiang, Gu et al., 2004],
therefore suggesting the importance of the parietal cortex for this type of attentional
processing. Decreased activation has been found in the prefrontal cortex in older
adults resulting in them displaying difficulty in ignoring non-salient information, i.e.,
difficulty in efficiently shifting attention throughout the scene [Harpur, Scialfa, &
Thomas, 1995; Connelly & Hasher, 1993; Rabbitt, 1965;] particularly as the number
of distractors increases [Guest, Howard, Brown, & Gleeson, 2015; Scialfa, & Joffe,
1997]. However, some evidence indicates that the mechanisms, anatomical area and
networks underlying both feature and conjunction search may be very similar [Tales

& Porter, 2008] as attention is composed of separate but inter-related functions.
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For example it has been observed that different areas of the parietal cortex can be
involved in feature search as well as in conjunction search [Fan, McCandliss,
Fossella, Flombaum, & Posner, 2005; Posner & Boies, 1971]. These attentional
processes may become impaired and slowed as a result of detrimental changes in the
integrity of white matter associated in areas of the brain involved in such processing
[Bendlin, Fitzgerald, Ries et al, 2010; Michielse, Coupland, Camicioli et al, 2010;
Kennedy & Raz; Grieve, Williams, Paul et al, 2007]. Detrimental changes to white
matter integrity may be an effect of ageing in which case it would be expected that
these groups display disproportionate abnormality and behavioural slowing in tasks

that recruit these functions (e.g. feature and conjunction search).

In addition, disproportionate slowing may be greater in MCI and AD compared to
cognitively healthy ageing as underlying anatomical and functional areas are more
impaired during MCI and AD than in cognitively normal ageing such as the parietal
cortex. Originally the visual cortex was thought to be less affected in AD or MCI
thus it was expected that in AD and MCI ‘pop out’ feature search would be ‘normal’
but abnormality found in conjunction search. The sections below describe evidence
from previous research of impairment of selective attention (feature and conjunction
search) and resulting slowing of information processing speed using visual search

during ageing and MCI and AD.

Visual search performance in ageing

Substantial research-based evidence indicates that ostensibly cognitively healthy
older adults (as determined by objectively measured cognitive function) tend to
display slower information processing speed (reaction time) during feature and
conjunction search compared to young adults [e.g. Torrens-Burton et al, 2017; Self,
Handelman, Le, & Sigler, 2016; Muller-Oehring et al, 2013, Potter et al, 2012;
Lorenzo-Lopez et al, 2008; Madden, 2007; Hommel et al, 2004] thus implying
poorer efficiency of attentional shifting in ageing. Intraindividual variability (IIV) of
information processing speed has also been found to increase with age [Mella et al,
2013; Dykier et al, 2012; Fozard et al, 1994; Inui, 1997] indicating poorer variability
of information processing speed and poorer integrity of brain function i.e. CNS.
However visual search was not used in these studies to compare young and older
adults thus the inclusion of IIV as well as RT in the current visual search study as
well the inclusion of young adults to compare with older adults i.e. effects of RT and

IV in ageing.
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Activation in the angular gyrus and superior parietal lobule was found to be greater
in older adults compared to young adults during conjunction search [Madden,
Spaniol et al, 2007]. This, according to the authors, [Madden, 2007] suggests that
older adults require greater effort to perform conjunction search as effectively as
young adults. Levels of acetylcholine play a vital role in orienting attention required
during selective attention tasks i.e. conjunction search [Klinkenberg, Sambeth &
Blokland, 2011; Muir, Everitt, & Robbins, 1994]. When levels decrease during aging
[Gibson & Peterson, 1981] due to damage to the cholinergic basal forebrain system
[Muir, 1997], attention orienting (conjunction search) becomes impaired and

behavioural slowing is observed [Klinkenberg et al, 2011].

Comparing both feature and conjunction search using a visual search task has also
produced variation in study outcome, with some studies revealing a lack of age-
related slowing for feature based search compared to age related slowing in
conjunction search [Muller-Oehring et al, 2013; Trick & Enns, 1998; Scialfa &
Joffe, 1997]. This implies that the attentional mechanisms used for feature and
conjunction search may change differently during ageing. Variation between feature
and conjunction search suggests that older adults can profit from early parallel stages
of visual information processing (feature search), but begin to fail with later serial
processing (conjunction search) as some aspects of this type of processing become
less efficient; for example the ability to, selectively and sequentially shift attention
throughout the scene and to ignore distracting information [Greenwood,
Parasuraman & Alexander, 1997]. Indeed orienting attention overtly i.e. physical
eye movement (which tend to represent and show the location or movement of the
focus of attention) also shows age related differences [Veiel, Storandt, & Abrams,
2006] as the number of eye saccades used increases slightly in older adults causing
searching for a target to take longer [Port, Trimberger, Hitzeman et al, 2016]. More
fixations are also needed on each target or location in conjunction search for older

adults compared to young [Porter, Tales, et al., 2010].

Visual search performance in mild cognitive impairment (MCI) and

Alzheimer’s disease.

A substantial body of evidence using a visual search test also indicates that in MCI
and AD, information processing speed and attentional performance (e.g. shifting) is
disproportionately poorer compared to cognitively health ageing [e.g. Haworth et al,
2016; Tales et al, 2010; McLaughlin, Borrie & Murtha, 2010; Tales, Snowden,
Haworth, & Wilcock, 2005; Greenwood et al, 1997].
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In AD, pathology change is evident within parietal cortices [Arrington, Carr, Mayer,
& Rao, 2000; Tales & Porter, 2008] and the primary visual cortex [Leuba & Saini,
1995] as well as a significant decrease in acetylcholine levels [Herholz, Weisenbach,
& Kalbe, 2008] and one would expect therefore that people living with AD would
show slower information processing speed in both feature and conjunction search. In
addition they would display poorer attentional shifting ability (i.e. target plus
distracters — target alone ) performance and indeed individuals with AD have been
found to perform slower i.e. higher reaction time speeds during feature search task
compared to healthy controls [Foster et al, 1999; Meltzer, Zubieta, Brandt et al.,
1996].

As mentioned above the visual cortex was originally thought to be less affected in
AD or MCI thus why visual search studies first performed with the expectation of
finding normal ‘pop out’ feature but abnormal conjunction search in AD and MCL
Finding the primary visual cortex to still be active in AD patients during visual
search suggests feature search is relatively preserved in AD albeit slower compared
to healthy ageing [Landy et al, 2015; Tales et al 2002; Grady et al., 1993]. This
implies that in AD patients, the ability to automatically processes a stimulus (such as
in feature search) is not compromised. It appears therefore that what is compromised
in AD to a greater degree than in cognitively healthy ageing is the ability to shift
attention efficiently through distracting information i.e. the ability to ignore
distracting information and instead shift attention towards the intended target [Tales
et al., 2002; Greenwood et al, 1993; Mendez, Cherrier, & Cymerman, 1997;
Greenwood et al, 1997; Parasuarman, Greenwood, Haxby et al, 1992]. These
findings have been supported despite studies using different search paradigms [Tales
et al, 2010; Greenwood et al, 1997; 1993; Mendez et al, 1997] thus results may not

be directly comparable.

Different components of attention are required in different paradigms which involve
searching through the environment such as shifting attention, disengagement, along
with other markers of attention i.e. as well as search and shifting problems, people
with AD may have associated problems e.g. eye movements, the integrity of which is
also needed to be able to do search properly. These components can become
abnormal during AD. Indeed AD patients have demonstrated difficulties in visually
exploring their environment, disengaging attention from one object in order to attend
to the next object [Vallejo, Cazzoli, Rampa et al, 2016; Tales, Snowden, Brown, &
Wilcock, 2006; Perry & Hodges, 1999; Mendez, Cherrier & Perryman, 1997].
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This is partly due to requiring a greater number of longer eye fixations while
searching for a target [Chau, Herrmann, Eizenman et al, 2015; Rosler, Mapstone,
Hays-Wicklund, et al, 2005] more so than healthy adults [Porter, Leonards, et al.,
2010]. Although healthy older adults make more eye fixations and for a longer time
period compared to young adults [Rosler et al, 2005], the effect is still greater in AD.

As in AD, pathology in attention-related brain areas can detrimentally affect slowing
of visual attention in MCI. It has been suggested that parietal lobe systems are
responsible for the ability to disengage attention from one target and shift attention
to another [Pardo et al, 1990; Posner and Driver, 1992]. Therefore if these attentional
functions are impaired, it is speculated that the ability to disengage from and shift to
stimuli will slow. Indeed dysfunction in the fronto-parietal networks is suggested by
Redel and colleagues [2012] to impair reaction time performance in MCI and AD

patients.

Individuals with aMClI, as well as those who decline further i.e. develop AD, have
been found to have problems with disengaging attention from an incorrectly cued
location (invalid cue i.e. distractors) and engaging in valid cues. The inability to
disengage attention and shift to the next location is reflected in the slower
information processing speed between valid (target) and invalid (distractor) cues,
known as the ‘validity effect’ [Tales et al, 2005]. This has been found in a variety of
different tests which measure this aspect of attention i.e. Posner cueing paradigm
[Tales et al, 2005], the Stroop paradigm [Stroop, 1935] as well as the visual search
paradigm [Tales et al, 2010] therefore these different tests of attention validate each

other i.e. they measure similar attention but in different ways.

Levinoff, Saumier, & Chertkow [2005] also found signficant slowing in MCI
providing evidence for impaired attentional processing and indeed they went so far
as to suggest that differences in reaction time can be used as early diagnosis of
cognitive impairments particularly in attention in the elderly. Although the
magnitude of the difference in slowing and performance between AD and
cognitively health ageing is generally large and robust, it is not so for MCI. If
differences in MCI are found the effect sizes are often much smaller, and sometimes
no difference in information processing speed is found between MCI and cognitively
health older adults [Tales et al, 2002]. However there is much evidence that attention
related RT is poor in MCI and AD although it needs to be taken into account

outcome variability between studies may make it difficult to compared results.
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It is also important to note that not all individuals with MCI decline further to AD.
Aetiology may differ between those with MCI who decline further and those with
MCI who do not decline to a dementia diagnosis. Therefore these differences in
aetiologies may also relate to differences in how information processing speed is
effected i.e. level of slowing. This is supported by Tales and colleagues [2011] who
found that in aMCI patients who developed within 2.5 years of their baseline
measurement, their mean performance of conjunction and feature search was
significantly poorer i.e. slower information processing speed, compared to those
remaining stable at the MCI stage or who had returned to a normal level of

functioning.

Even when differences in performance between older adult controls and patients
with MCI are not significant it is usual to find performance outliers within the MCI
group; 1.e., various people with much slower than expected performance. Arguably,
if performance at group level is normal, these individuals may have a greater risk of
developing AD (as evidence suggests that slowing is a clinical characteristic of this
disease) or at least have personally significant detrimental changes to their
information processing speed that might detrimentally affect their quality of life.
Such outliers if not acknowledged or taken into account can influence results or our
understanding of the disease and its effects. Mean group differences in MCI may not
show very much yet there may be some people with the disease whose RT, IIV and

attention is very poor and the consequence of this are such outliers.

The same may occur in healthy ageing groups as there may be some individuals with
unknown impairment i.e. subjective memory function or SCI and these people have
disproportionately slower and varied IIV presented as outliers within group mean
RT. Therefore in the current study of RT and ageing we took any outliers into

account and discussed what they might mean.
Intraindividual variability

Intraindividual variability reflects the variation of behavioural responses within a
single persons’ overall performance and if increased reflects poorer integrity of the
central nervous system (CNS) and greater variability of RT performance. IIV is also
of interest when measuring information processing speed in ageing, MCI and AD.
In relation to visual search, IIV can measure within-person variability of processing

speed in behavioural performance.
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Variability has found to be greater in older adults compared to young adults [Mella
et al, 2013; Dykier et al, 2012; Fozard et al, 1994; Inui, 1997] although not in
relation to visual search whereas IIV has been found to be significantly greater in
MCI and AD compared to healthy controls [Phillips et al, 2013; Tractenberg &
Pietrzak, 2011]. Gorus and colleagues [2008] examined variability of information
processing speed in both motor and cognitive components with aMCI and AD
patients. Both aMCI and AD patients demonstrated greater variability in their
processing speed compared to healthy controls [see also Philips et al, 2013 and

McLaughlin et al 2010].

However within visual search research, to our knowledge IIV has not been examined
in as much detail in healthy aging (i.e. between young and older adults) and in
relation to different factors (particularly subjective memory function and perceived
test difficulty). Previous studies may be confounded by not taking the influence of
different factors i.e. sex and education and particularly subjective memory function
and perceived test difficulty into account which may have had an impact of how the
results of assumed healthy older adult control groups were interpreted in MCI and
AD studies. Therefore the relationship between different factors and IIV will be

examined in detail in the current study (and throughout the thesis).

Visual search performance in Subjective Cognitive Impairment (SCI) and

subjective memory function.

Information processing speed has been demonstrated to slow during in MCI and AD
compared to healthy ageing in the visual search test [Haworth et al, 2016; Tales et al,
2010; McLaughlin et al, 2010; Tales et al, 2005; Greenwood et al, 1997].

Within these studies MCI or AD are compared to ostensibly healthy older adults
taken from the local community and considered to display ‘normal’ levels of
information processing speed. Typically in most studies objective cognitive function
of the control group is tested and taken into account i.e. if an individual score is too
low (considered to be impaired cognition) these individuals are excluded from the
control group. However some individuals within the control group may be reporting
problems with tier cognition which may relate to disproportionate slowing which
reflects the type of slowing found in abnormal ageing i.e. MCI or AD, namely

Subjective Cognitive Impairment (SCI).
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In the current thesis we focused on subjective memory function i.e. older adults
perceiving change to memory function but have not visited their GP (thus not
diagnosed with SCI). In research control older adults taken from general public may
have subjective memory function which has not been detected but again this may be
reflecting the type of slowing attributed to abnormal ageing thus these individuals

should not be included in healthy adult groups.

A relationship has previously been found between subjective complaints and a
diagnosis of baseline cognitive impairment [ Reed, 2010; Cook & Marsiske, 2005;
Earles & Salthouse, 1995; Schofield, Marder, Dooneief et al., 1997] however this
relates to SCl and as far as we are aware, no ageing studies using visual search have
examined subjective memory function in relation to information processing speed
and IIV in community dwelling older adults. Therefore this initial study examined
whether subjective memory function can be characterised by slow RT and increased

IV thus contribute towards the characterisation of SCL
Summary

Information processing speed and attention has been demonstrated to slow in the
visual search paradigm during ageing, MCI and AD [Self et al, 2016; Haworth et al,
2016; Tales et al, 2010; McLaughlin et al, 2010; Tales et al, 2005]. However age
effects have not always been found [Muller-Oehring et al, 2013] due to the
variability between visual search studies i.e. the type of paradigm used, small
participant sizes or failing to include young adults to measure ageing. Outcome
variability may also relate to the influence of other person- related factors on
information processing speed i.e. sex, education or subjective memory function and

perceived test difficulty (as described in further detail in the sections below).

Previous visual search studies have examined sex and education on information
processing speed [Fozard et al, 1994; Dykiert et al, 2012] although not all previous
studies have considered these factors. Therefore sex and education should probably
be examined in more detail during a visual search paradigm [as discussed in
Haworth et al, 2016]. Therefore one of the aims of the current study of visual search
was to examine sex and education in relation to RT and IIV in more detail with
increased subject numbers. In addition, visual search studies have not addressed
subjective memory function and perceived test difficulty as a potential influence on

information processing speed.
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These factors have either been dismissed previously as not deemed to be potentially
important or had not been considered (particularly dismissed subjective memory
function and perceived test difficulty) thus examining these factors in relation to RT
and IIV in the current visual search study. Failing to take these factors into
consideration may result in biased study outcome thus misinterpret what constitutes
ostensibly ‘normal’ information processing speed in cognitively healthy older adult
control groups during visual search studies comparing ageing, MCI and AD thus
may be masking a greater difference between cognitively normal functions and AD

or MCL
Person-related factors
Sex

Previous visual search studies found information processing speed to be faster in
males compared to females, not just in younger adults [Karia et al, 2012] but across
age groups [Fozard et al, 1994; Dykiert et al , 2012] as well as IIV significantly
increasing in females compared to males [Philips et al, 2013]. Finding sex effects
imply that if slowing of information processing speed is dependent on sex and not
considered as a factor, results may vary and have an influence on how information
processing speed between men and women is characterised. What constitutes
‘normal’ levels of information processing speed in healthy control groups, may have
been misinterpreted in previous MCI and dementia studies. In the current visual
search paradigm in an initial study using more participants than previously used, sex
will be examined as a potential factor influencing information processing speed, IIV

and attention.
Education

Lower education has been associated with slower information processing speed
during visual search [Tales et al, 2010; Tun & Lachman, 2008]. It has been argued
that more future studies would benefit taking education into consideration [Haworth
et al, 2016; Tales et al, 2010] when measuring information processing speed in
selective attention using visual search in order to produce robust and replicable
results. Finding education effects imply that if slowing of information processing
speed is dependent on education and not considered as a factor, results may vary and
have an influence on how information processing speed during ageing is

characterised.
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In older adults, finding an association between education and information processing
speed may relate their levels of cognitive reserve i.e. the brains barrier to cognitive
impairment. It has been found that higher levels of education can help with cognitive
reserve [Sattler, Toro, Schonknecht, & Schroder, 2012; Meng & D'Arcy, 2012] thus
in relation to the current study, higher education in older adults may relate to their
cognition function (i.e. those required in visual search) being more resilient to the
effects of disease or even age. Therefore RT performance may be faster and less

varied as a result.

In the current visual search paradigm in an initial study, education will be examined
as a potential factor influencing information processing speed and IIV alongside sex,

subjective memory function and perceived test difficulty.

Perceived test difficulty

As mentioned in the in introduction to this thesis perceived test difficulty relates to
psychological factors i.e. self -beliefs an individual may have about the demands of
the task which may have an effect on cognitive performance i.e. slower information
processing speed [Flavell, 1979]. The research in this thesis focused on the perceived
difficulty of different attention tests with the assumption that if an individual
perceives a test to be more difficult, this may have a negative effect on information

processing speed i.e. slower RT.

Some studies argue that perceiving a test to be difficult can negatively affect mood
which in turn can have a negative impact on information processing speed [Setti,
Loughman, Savva & Kenny, 2015; Bolmont, et al, 2000]. However, perceived test
difficulty not examined in much detail in relation to RT and IIV and using the visual
search in both young and older adults. Failing to take this factor (into account may
impact how levels of slowing are interpreted in healthy ageing in visual search and
possibly highlight how the integrity of information processing speed of control

groups in past visual search studies may have been misinterpreted.

In the current study perceived test difficulty (measured after test completion i.e.
retrospectively) was examined in relation to RT performance and IIV in young and
older adults as well as any interactions with other factors (education and subjective
memory function) to determine whether perceived test difficulty may be associated
with additional factors other than age which may consequently effect information
processing speed. The results may help determine whether this factor should be

taken into account in research studies using the visual search.
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2.2 METHODOLOGY

Participants

Swansea university students (n = 48; age 18-26 years; 19 males: 29 females) were
recruited through the Psychology department credit system and through advertising
around the university and social network. Community-dwelling older adults (n = 54;
50-80 years; 24 males: 30 females) were recruited through advertisements given out
to older adult social clubs and local papers in Swansea, through email, word of
mouth and via a volunteer database of older adults set up by the Swansea
Psychology Department. Ethical approval was provided by the Swansea University
Psychology departmental ethics committee and the study conducted to the principles
in the Declaration of Helsinki. Formal written consent was obtained from each

participant.

Inclusion criteria

Participants (both young and older adults) self-reported to be in good general health,
with no history of serious head injury, cognitive, visual or neurological impairments,
colour blindness or have any condition which might be affected by flashing images
on a screen. Although medication could not be controlled for, it was attempted to
exclude individuals whose medication was likely to affect attention and RT. The
vision of all participants was normal or ‘corrected-to-normal’. All participants were

requested to bring any corrective lenses they require for reading and computer work.

All participants ( young and older adults) general cognition was measured by the
Montreal Cognitive Assessment (MoCA) [Tiffin-Richards, Costa, Holschbach et al,
2014; Nasreddine, Phillips, Bedirian et al, 2005] (a ‘normal’ score being 26 or
above'). They had no significant levels of depression or anxiety as measured by the
Patient Health Questionnaire (PHQ-9) [Kroenke, Spitzer & Williams, 2001] (score
of 9 and below from a maximum of 27) and the Generalized Anxiety Disorder 7-item
(GAD-7) [Lowe et al, 2008] (score of 5 and below from a maximum of 21). For
older adults, subjective memory function was measured using the Memory
Functioning Questionnaire (MFQ) [Gilewski et al, 1990] (higher scores, equal to
lower concern). Age (16 to 25 years for young adults; 50 to 80 years for older

adults), sex and years of full time education were also recorded.

! Note that the scores of the majority of participants were within the normal value of 26 or above.
However for 13 young and older adult participants the score was lower than 26. These were
included because we were interested in a range of MoCa scores and whether the score has in
influence on RT or lIV.
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Education was matched across both groups and for males and females as closely as
possible making the results very similar between both age groups. However a slight
range in years of education was included which produced slight variability in results

which is why the effects of education are examined.

Stimuli

The stimuli were presented on a Dell Precision PC running on Windows XP X86
CPU, viewed at a distance of 57 cm. In each trial a target symbol of either a left
pointing arrow ‘<’ or a right pointing arrow ‘>’ was presented for participants to
respond to. The target symbol appeared either alone or with seven distractors which
were the arrows pointing up ‘*” or down ‘v’ (see Figure 1). Each of the arrows was
presented equally spaced within a clock-face configuration. All targets and
distractors were white against a black background with each line measuring 1mm in

width and Smm in length.

A fixation cross appeared in the centre of the screen for 1000ms then removed until
the next trial. The target followed either alone or with distractors and the participant
pressed the left arrow key on the keyboard if the target arrow was facing left and the
right arrow key for a right facing target Once the target was responded to, the next
trial began. The trials were randomized between trials with targets presented on their
own and trials with targets presented along with distractor arrows. Both target arrows
were presented 8 times in each of the clock locations in order to eliminate any
processing differences between upper or lower and left and right visual fields. 4 of
the 8 times the target was presented alone and the other 4 with distractors. This gave

64 trials in total.

Procedure

Participants were instructed to focus their attention on the centre of the cross
between trials. They were to respond as quickly and as accurately as possible to the
required targets (left or right arrows) by pressing the corresponding arrow on a
keyboard. Participants were given five or six trials as a practice before the
programme was restarted for testing. Additional practice was provided to any
participant who required it by giving them another 5 trails. The testing phase was
then conducted with a total of 64 trials. Researcher supervision of participants

continued throughout the task to check the correct buttons were being pressed.
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Once testing had ended, participants were given a Likert scale from 1 to 7 to rate
how difficult they found the test with 1 very easy to complete and 7 very difficult.
Debriefing followed with the opportunity to ask any questions.

Data Processing

In alignment with typical practice and previous research, any responses were
eliminated if they were incorrect or outliers i.e. below 150ms (faster than ‘natural’
reaction time therefore pre-empting the stimulus) or above 10,000ms (associated
with lapses of attention, see Tales and colleagues, 2010). No participants failed to
respond to a trial. Trials (for both old and young adults) were split into two

conditions: ‘target alone’ and ‘target plus distractors’ trials.

The median RT and inter-quartile range (for IIV) was determined for each individual
for each condition together with the group mean attained. The error rate for each
condition was also determined i.e. number of incorrect responses. For each
individual the ‘distractor effect’ was calculated [RTpistactors — RTTarget alone] (@
measure of the attention shifting efficiency) and overall group means obtained. In
response to the non-normal distribution of the data (see Table 1) SPSS non
parametric analysis was conducted (as in several previous studies by Tales and
colleagues). Factors i.e. sex and education, subjective memory fucntion and
perceived test difficulty were grouped into separate families for analysis. The RT
and II'V and attention effects were different data sets and thus did not require
Bonferroni correction for multiple analyses. In addition, previous studies using a
visual search paradigm also excluded correlations for multiple comparisons were not

made.

Table 1. Normality of Distribution (Shapiro Wilkes test)”

Older Young

Statistic df Sig. statistic df Sig.
Information

Target Alone | processing speed .887 54  .000 .620 48 .000
Intraindividual

Variability .785 54  .000 .602 48 .000
Information

Target plus processing speed .939 54  .009 913 48 .002
distractors Intraindividual

Variability .984 54 736 922 48 .004

> Note: data classified as a non-normal due to the positively skewed distribution of the data and in
some cases bimodal distributions. There is a natural limit to the data i.e. how fast RT can be.
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2.3. RESULTS

Demographics

Mann-Whitney analysis revealed a significant difference in mean depression (PHQ-

9) score and mean anxiety (GAD-7) score. Depression level was significantly greater

for young adults compared to older adults [U = 878.5, p = .005, effect size (r) = .28]

and anxiety level was significantly greater for young adults compared to older adults

[U=943.5, p =.017, effect size (r) = .24]. There was no significant difference in

mean MoCA score or mean years of education [p > .05].

Table 2: Mean demographic scores for the older adult and younger adult groups.

Standard deviation in parenthesis.

Age
(years)

Education
(years)

MoCA
(score)

MFQ
(score)

PHQ-9
(score)

GAD-7
(score)

All
young
Adults
(n=48)

20 (2.0)

15 (1.9)

27 (2.4)

5@3.3)

4 (3.5)

Young
Male
(n=19

20 (2.1)

15 (1.9)

26 (2.1)

2(2.8)

1(1.2)

Young
Female
(n=29)

20 (2.0)

15 (1.9)

27 (1.9)

5@3.2)

534

All
Older
Adults
(n =54)

66 (5.2)

15 (3.7)

27 (2.4)

290
(46.5)

4 (3.0)

3(3.0)

Older
Male
(n=23)

66 (5.0)

15 (4.6)

26 (2.6)

282
(42.0)

4(3.2)

3(@3.1)

Older
Female
(n=31)

55(5.4)

15 (2.9)

28 (2.1)

295
(49.4)

3(2.8)

33.0)

MoCA, Montreal Cognitive Assessment; MFQ, Memory Functioning Questionnaire; PHQ-

9, Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 3: Group mean information processing speed and Intraindividual Variability (IIV) (from
individual participant median RT scores) and mean number of errors (incorrect key presses) for
the young and older adult groups for the target alone and target plus distractors conditions in
visual search. Standard deviation in parenthesis.

Mean information
processing speed in Intraindividual Mean Errors
ms (SI)) Variability (ms) (incorrect key presses)
Perceived
Target Target + Target Target + Target Target + performance
alone | Disiractors | alone | Disiractors alone Distractors | Likert Scale
All
Young | 326.85 1038.33 - 0.60 0.63 3(1.4)
485 7
adults I01.89 1 49327 1 oy (1.14) (range 1-5)
(n= 48) (116.89) | (270.83)
302 7 2 9 :
Male | 302.68 926.76 20 14 435 58 []_TEJ 0.12 RS
(m=19) | (4527 | (217.63) (0.47) (0.33) (range 1-3)
: 547 : 2(1.0
Female | 34269 1111.43 116.79 534 18 U_EQ 1_}1 (1.0)
(n=29) | (144.78) | (280.54) (1.28) (1.41) (range 1-4)
All
Older _
Adults | 743.02 | 165855 | y7006 | 82263 [E-;g) [g.gg) Uiiﬁﬁ)
(m=54) [ (164.91) | (31423 ) ) g
Male | 747.17 1631.98 0.63 0.64 3I(1.4
(n=23) | (175.33) (332) 179.91 70403 [U:Qﬂj ([]:ﬁ?) (range 1-3)
: : 7 5 I(14
Female | 73994 1678.26 164.32 943 18 []_%E 0.15 (1.4)
(n=231) [ (139.62) | (287.46) (0.39) (0.38) (range 1-6)
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Information processing speed

Age Comparison: Information Processing Speed

Figure. 2: Box plot of mean information processing speed (ms) comparing Target
plus distractors and Target alone trials in older and young adults.
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Figure 3. Box plot of mean difference in information processing speed RTpistractors
RT Target alone (distractor effect i.e. attentional efficiency) between sex (male vs.
female) and age (young vs. older adults).
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As displayed in Figure 2, at group level the older adults were slower over both target
alone and target plus distracter conditions, and as expected, information processing
speed was slower for both groups in the target plus distracter compared to the target
alone conditions. The effect of distracting information upon information processing
speed [RTpistractors — R T Target alone] (2 measure of the attention shifting efficiency, see
Figure 3) was also greater for the older compared to the younger adults. Note
however, that there are outliers in this data in both target conditions but particularly

in the Target Alone condition.

Information processing speed between conditions

There was a significant difference in information processing speed between the two
visual search conditions; RT performance was significantly slower in the target plus
distractors condition compared the target alone condition in young adults [U =49, p

<.001, effect size r = .82] and older adults [U = 3, p <.001, effect size r = .86].

Target Alone information processing speed.

Mann-Whitney statistical analysis revealed a significant difference in information
processing speed between young and older adults; with young faster than older

adults [U =194, p <.001, effect size r = .73].

Target plus distractors information processing speed.

Mann-Whitney analysis revealed a significant difference of information processing
speed between young and older adults (see Figure 2); young adults were significantly

faster than older adults [U = 129, p <.001, effect size r =.77].

Distractor effect (attentional efficiency) [RTpisiractors — RTTarget atone 1: Information
processing speed

Mann-Whitney analysis revealed a significantly greater difference of RT between the
two conditions in older adults; older adults were more affected by distractors (i.e.
have poorer attentional shifting efficiency) compared to young adults [U =222, p <

.001, effect sizer =.71].
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Information processing speed and subjective memory function
In a novel approach, the information processing speed for each target condition and
the distracter effect (attentional integrity) was examined with respect to subjective

memory function in the older adult group.

Correlational analysis using Spearman’s rho revealed no significant correlation
between information processing speed and total MFQ score (subjective memory
function) for target alone or the target plus distracters conditions [p values > .05] nor

with the distractor effect (attentional integrity) [RTpisractors — R Target atonel [p > .05].

Information processing speed and post- hoc measured perceived test difficulty

In another novel approach the information processing speed for each target condition
and the distracter effect was examined with respect to how difficult the participant
reported the task to be (when asked after the test was completed). Correlational
analysis using Spearman’s rho revealed that for young adults, information processing
speed did not significantly correlate with perceived test difficulty for target alone or
the target plus distracters conditions [p values > .05] or for the distractor effect
(attentional integrity [all p values > 0.05]. For the young adults therefore, how
difficult they perceived the task to be was not related to their actual performance,

1.e., perceived task difficulty was not related to actual information processing speed.

In older adults, perceived test difficulty was significantly negatively correlated with
information processing speed for the target alone condition [r =-.294, p = .031].
Perceived test difficulty was significantly related to their actual performance i.e. the
faster they performed the harder they perceived the test to be afterward. However
there was no significant correlation between perceived task difficulty and
information processing speed for the target plus distracters condition [p > .05] or for

the distractor effect (attentional integrity [p > 0.05].

RT for the two conditions (target alone and target plus distractors) was analysed in
relation to perceived test difficulty being judged on the test as a whole. There was no
significant difference in mean perceived test difficulty scores between young and

older adults [p > .05].
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Information processing speed and educational level

Mean educational level was matched across both groups and for males and females
as closely as possible making the results very similar between both age groups.
However a slight range in years of education was in evidence and thus we examined

the results with respect to this narrow range of educational level.

In young adults, information processing speed did not significantly correlate with
education for target alone or the target plus distractors condition or the distractor

effect (attentional integrity) [RTpistractors — R TTarget alone] condition [all p-values > .05].

In older adults, there was no significant correlation in the target alone condition [p >
.05], but information processing speed was significantly negatively correlated with
education for the target plus distractors condition with faster information processing
speed related to a higher level of education [r =-.398, p = .003] and the mean
distractor effect (attentional efficiency) was significantly negatively correlated with
education, with greater education related with less distraction, i.e., less detrimental

effect of distracting information [r =-.337, p =.013].

Sex Comparison: Information processing Speed in males and females

Figure. 4. Box plot of mean information processing speed between males and

females for both young and older adults in target alone and target plus distractors

trials.
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Target Alone

Mann-Whitney analysis revealed no significant difference in reaction time between

males and females for young adults [p > .05] or older adults [p > .05].

Target plus distractors

In young adults, Mann-Whitney analysis revealed a significant sex-related difference
of information processing speed (see Figure 4); males were significantly faster in
their reaction time performance compared to females [U= 162, p = .021, effect size r
= .33]. In older adults, Mann-Whitney analysis revealed no significant difference in

reaction time between males and females [p > .05].

Distractor effect (attentional integrity) [RTpistractors — R T Target alonel

In young adults, Mann-Whitney analysis revealed that the effect of distracters was
greater (i.e. attentional integrity poorer) for females compared to males [U = 145, p =
.008, effect size r = .38]; females’ attentional shifting was less efficient when

distracters are present than males.

In older adults Mann-Whitney analysis revealed no significant difference of the

distractor effect (attentional integrity) between males and females [p > .05].

Information processing speed, anxiety and depression levels

In young adults information processing speed significantly negatively correlated
with depression levels; higher levels of depression related to faster information
processing speed for the target alone condition [r = -.290, p =.045] but not for the
target plus distractors condition [p > .05]. Anxiety levels did not significantly
correlate with information processing speed for the target alone condition [p > .05]

or the target plus distractors condition [p > .05].

In older adults, information processing speed did not significantly correlate with

anxiety levels or depression levels for both conditions [all p values > .05].
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Information processing speed and objective cognitive performance (MoCA)

In both young and older adults, there was no significant correlation between
information processing speed and MoCA score (objective measure of general
cognition) for the target alone, target plus distractors conditions, or the [RTpjstractors —

RT Target alone] condition [all p-values > .05].

Subjective memory function and perceived task difficulty in older adults.

For the older adults, subjective memory function (total MFQ score) was not
significantly correlated with perceived test difficulty for the target alone, target plus

distractors conditions, or the [RTpjstractors — RTTarget alone] condition [all p-values > .05].

Educational level and perceived task difficulty.

For the young adults educational level was not significantly correlated with
perceived test difficulty [p > .05]. Difficulty was judged on the test as a whole thus
the two conditions (target alone and target plus distractors) cannot be analysed

separately.

For the older adults, educational level was significantly positively correlated with
perceived test difficulty; the higher the level of education (in years), the more
difficult the test was perceived to be [r = .440, p = .01 effect size = .44]. The two
conditions (target alone and target plus distractors) cannot be analysed separately as

difficulty was judged on the test as a whole.

Educational Level and subjective memory function in older adults.
For the older adults educational level was not significantly correlated with subjective

memory function [p > .05].

Anxiety and depression levels
Anxiety levels significantly positively correlated with depression levels in young
adults [r =.623, p <.001] and older adults [r =.534, p <.001]. As anxiety levels

increased so did depression levels.
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In older adults depression levels significantly positively correlated with education
i.e. higher education related to higher levels of depression [r = .348, p =.010] and
significantly positively correlated with perceived test difficulty; perceiving the test to

be more difficult related to high levels of depression [r =.273, p = .046].

Intraindividual variability (II1V)

Age Comparison: Intraindividual variability (IIV)

Figure 5: Box plot of mean intraindividual variability (IIV) between target plus
distractors and target alone in older and young adults.
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Figure 6. Box plot of mean difference in intraindividual variability (IIV)
IIVDistractors — IIVrareer alone (distractor effect i.e. attentional efficiency) between
sex (male vs. female) and age (young vs. older adults).
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As displayed in Figure 5, at group level the older adults were more variable over
both target alone and target plus distracter conditions, and intraindividual variability
was greater for both groups in the target plus distracter compared to the target alone
conditions. The effect of distracting information upon intraindividual variability

[TV Distractors — TV Target alone] (s€€ Figure 6) was also greater (i.e. poorer attentional
integrity) for the older compared to the younger adults. Note that there are outliers in

this data in both target conditions but particularly in the Target Alone condition.

Intraindividual variability between conditions

There was a significant difference in IIV between the two visual search conditions;
RT performance was significantly more variable in the target plus distractors
condition compared the target alone condition in young adults [U =49, p <.001,

effect size r = .84] and older adults [U = 3, p <.001, effect size r = .86].
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Target alone intraindividual variability

Mann-Whitney analysis revealed a significant difference of IIV between young and
older adults; young adults were less variable in their reaction time performance

compared to older adults [U = 341, p <.001, effect size r = .63].

Target plus distractors intraindividual variability

Mann-Whitney analysis revealed a significant difference of IIV between young and
older adults (see figure 3); young adults were less variable in their reaction time

performance compared to older adults [U = 357.5, p < .001, effect size r = .62].

Distraction effect (attentional integrity) [IIV pisiraciors — II'V Target alonel
Intraindividual variability.

Mann-Whitney analysis revealed a significantly greater difference of RT variability
between the two conditions in older adults; older adults were effected more by
distractors (i.e. have poorer attentional integrity) compared to young adults [U =472,

p < .001, effect size r = .55].

Intraindividual Variability and subjective memory function in older adults

Correlational analysis using Spearman’s rho revealed that for older adults, the total
MFQ score (subjective memory function) did not significantly correlate with
intraindividual variability for target alone and target plus distractors conditions [all p
values >.05] nor did the distractor effect (attentional integrity) [II'V pistractors — IV Target

alone] [all p values > 0.05].

Intraindividual Variability and perceived test difficulty

Correlational analysis using Spearman’s rho revealed that for young adults,
intraindividual variability did not significantly correlate with perceived test difficulty
for target alone or the target plus distracters conditions [p values > .05] or for the
distractor effect (attentional integrity) [all p values > 0.05]. For the young adults
therefore, how difficult they perceived the task to be was not related to their actual
performance, i.e., perceived task difficulty was not related to actual intraindividual

variability.
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In older adults, intraindividual variability did not significantly correlate with

perceived test difficulty for target alone or the target plus distracters conditions [p
values > .05] or for the distracter effect [all p values > 0.05]. In older adults, how
difficult they perceived the task to be was not related to their actual performance,

i.e., perceived task difficulty was not related to actual intraindividual variability.

The two conditions (target alone and target plus distractors) cannot be analysed

separately as difficulty was judged on the test as a whole.

Intraindividual Variability and educational level

In young adults, intraindividual variability did not significantly correlate with
education for target alone and target plus distractors conditions [p values >.05] or the

[TV bistractors — IIV Target alone] attentional function condition [all p-values > .05].

In older adults, intraindividual variability significantly negatively correlated with
education for target plus distractors [r = -.354, p = .009] but not for the target alone

condition [p > .05] or the [RTpistractors — RTTarget alone] condition [all p-values > .05].

Sex Comparison: Intraindividual variability

Figure. 7. Box plot of mean intraindividual variability (IIV) between males and

females for both young and older adults in target alone and target plus distractors

trials.
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Target Alone

In young adults, Mann-Whitney analysis revealed no significant difference in IIV
between males and females [p > .05]. In older adults, Mann-Whitney analysis
revealed no significant difference in reaction time variability between males and

females [p > .05].

Target plus distractors

In young adults, Mann-Whitney analysis revealed a significant difference of IIV
between sex (see Figure 5); males were significantly less variable in their reaction
time performance compared to females [U = 151, p = .011, effect size r = .37]. In
older adults, Mann-Whitney analysis revealed no significant difference in reaction

time variability between males and females [p > .05].

Distractor effect (attentional integrity [TV pistractors.— LIV Tareet alonel

In young adults Mann-Whitney analysis revealed a significant difference of the mean
effect of distractors on II'V between sex; the effect of distractors were greater (i.e.
poorer attentional integrity) for females compared to males [U = 173.5, p = .040,

effect size r = .30].

In older adults, Mann-Whitney analysis revealed no significant difference of the

distractor effect (attentional integrity) between males and females [p > .05].

Intraindividual variability, anxiety and depression levels

In young adults IIV significantly negatively correlated with depression levels; for the
target plus distractors condition i.e. higher levels of depression related to less varied
information processing speed [r = -.330, p =.008] and the effect of distractors
(attentional integrity) on IIV i.e. better attentional integrity related to higher levels
of depression [r = -.304, p =.036]. There was no significant correlation between 11V
and depression for the target alone condition [p > .05]. Anxiety levels did not
significantly correlate with IV for the target alone condition [p > .05] or the target

plus distractors condition [p > .05].

In older adults, ITV did not significantly correlate with anxiety levels or depression

levels for both conditions [all p values > .05].
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Intraindividual variability and objective cognitive performance (MoCA)

In young adults there was a significant positive correlation between IIV and MoCA
score i.e. having better general cognition related to being less variable in RT
performance for the target alone condition [r = .308, p =.033] but not for the target
plus distractors condition, or the [RTpistractors = RTTarget alone] condition [all p-values >

.05].

In older adults, there was no significant correlation between information processing
speed and MoCA score (objective measure of general cognition) for the target alone
condition, the target plus distractors condition, or the [RTpjstractors — RTTarget alonel

condition [all p-values > .05].

RT and IIV

In young adults, RT significantly positively correlated with IIV; as RT increased (i.e.
slowed), IIV also increased (i.e. RT performance was more variable) for the target
alone condition [r =.517, p <.001] and the target plus distractors condition [r = .805,
p <.001].

In older adults, RT significantly positively correlated with IIV; as RT increased (i.e.
slowed), IIV also increased (i.e. RT performance was more variable) for the target
alone condition [r = .638, p <.001] and the target plus distractors condition [r = .528,
p <.001].

Errors in visual search

Table 4. Mean number of errors (incorrect button presses) for both conditions of
visual search (target alone and target plus distractors) for young and older adults

Target Target +
alone Distractors
Young
adults 0.60 (1.01) 0.63 (1.14)
Older
Adults 0.50 (0.75) 0.38 (0.58)

82



Target alone

Mann Whitney analysis revealed no significant difference in the mean number of

errors made between young and older adults [p > .05].

Target plus distractors

Mann Whitney analysis revealed no significant difference in the mean number of

errors made by young and older adults [p > .05].

Table 5. Mean number of errors (incorrect button presses) for both conditions of
visual search (target alone and target plus distractors) for males and females in
young and older adults

Target Target +
alone Distractors
Young males | 0.29 (0.47) 0.12 (0.33)
Young
females 0.89 (1.28) 1.11 (1.41)
Older males 0.63 (0.90) 0.64 (0.64)
Older
females 0.38 (0.59) 0.15 (0.38)

Target alone

In young adults, Mann Whitney analysis revealed no significant difference in the
number of errors made between males and females [p > .05]. In older adults there
was no significant difference in the number of errors made between males and

females [p > .05].

Target plus distractors

In young adults, Mann Whitney analysis revealed a significant difference in the
number of errors made between males and females; females made significantly more
errors compared to males [U = 186.5, p = .019, effect size r = .32]. In older adults
there was no significant difference in the number of errors made between males and

females [p > .05].
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2.4 DISCUSSION

In this chapter a visual search test was used to examine the integrity of attentional
function i.e. ability to shift around focus of attention, information processing speed
and its variability in young and old adults as well as the potential effects of
subjective memory function, perceived test difficulty, educational level and sex. This
task has been used frequently in previous studies to measure potential differences in
information processing speed associated with visual attention-related processing in
healthy ageing, MCI and AD. However unlike previous studies, this current study
measures information processing in larger groups of both younger and older adults
and examines in greater detail the potential influence upon such results of such
factors either poorly addressed (sex and education) nor not addressed in previous
studies (perceived test difficulty and subjective memory function). How these
previously ignored factors may affect may influence in future how we in fact
interpret the results of visual search test and especially in terms of what constitutes
an ostensibly cognitively health older adult control group in studies of MCI and

dementia.

Information Processing Speed

Age comparison in information processing speed

The target alone condition represented feature search i.e. automatic processing of the
same target with no distracting information (Choice RT). Older adults were
significantly slower in their reaction time (RT) performance (i.e. slower information
processing speed) compared to young adults as reflected by a large effect size. The
target alone condition allows for a measure of basic reaction time between groups
[Tales et al, 2010] thus what the results imply is that older adults’ information
processing speed is significantly slower compared to young adults. This result
supports previous evidence that information processing speed slows with age [Mella
et a, 2013; Dykiert et al, 2012; Fozard et al, 1994] and that older adults perform
feature search slower in a visual search test compared to younger adults [Self et al,
2016] which has not always been found in feature search [Muller-Oehring et al,
2013]. This result implies that older adults are slower at processing a single target
compared to young adults despite attention towards the target being more automatic

i.e. ‘pop out’ effect.
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The target plus distractors condition represented conjunction search i.e. shifting the
focus of attention throughout the visual field (i.e., through each stimulus) before
finding and processing the target. Young adults were significantly faster at
conjunction search compared to older adults (as demonstrated by a large effect size)
which suggests that older adults take longer to shift their attention through the same
number of distractors compared to young adults and take longer to process the
information at each object stopped at. As a result, searching for a target takes longer
thus performance (information processing speed). This supports the findings and
conclusions drawn from previous visual search studies [Port et al; 2016; Muller-
Oehring et al., 2013; Porter et al, 2010; Madden et al, 2007; Greenwood et al, 1997;
Scialfa & Joffe, 1997].

Anxiety did not associate with RT in young and older adults implying that ageing
effects were more influential on information processing speed than levels of anxiety
although levels were reported to be low. In contrast, higher levels of depression in
young adults was associated with faster RT which may have influenced mean RT in
young adults being faster compared to older adults although depression levels were
within ‘normal’ levels. We are uncertain why higher depression would improve

information processing speed thus requires further investigation.

When comparing feature and conjunction feature search within both young and older
adults, target alone trials (feature search) produced faster reaction times compared to
when distractors were present (conjunction search). This supports the notion that
salient information is processed quicker than non-salient information [Tales et al,
2004]. Salient information can quickly and automatically guide our attention towards
it, whereas when distractors are present, this requires shifting through the irrelevant
information which takes more time on a limited attentional processing system,
therefore produces greater reaction times (i.e. slower information processing speed)
[Plude & Doussard-Roosevely; Treisman & Gelade. 1980]. Differences between
feature and conjunction search may also be due to the differences in processing
demands of the two tasks [Phillips et al, 2013]. Including distractors increases the
complexity of the task which requires more information processing resources i.e.
greater processing load. An increase of processing load results in greater effects of
different factors i.e. age on information processing speed. This was observed in this
study with older adults being affected greatly by distractors thus their information

speed was significantly slower compared to young adults.
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One reason for using the visual search test was to examine a larger number of
participants compared to some previous studies which included smaller samples and
recognised as a limitation. However, the results of the current study supported the
results of these smaller studies. This implies that the sample size may not be as
important and the visual search test itself i.e. visual search is a sensitive test to

distinguish differences of RT between young and older adults.
Distractor effect (attentional efficiency)

In older adults, there was a greater difference of RT between the target plus
distractor condition and the target alone condition compared to young adults, as
reflected by the large effect size. This implies that older adults are affected more by
distractors i.e. for the same amount of distracters it takes a lot longer for older adults
to shift their attention through them and orient attention towards the intended target
[Langley, 2011; Trick et al 1998]. Therefore attentional function (i.e. shifting and
disengagement) is less efficient with age as reflected by slower information
processing speed in older adults compared to young adults [as supported by

Greenwood et al, 1997].

Overall, the results suggest that information processing speed in relation to visual
search (i.e. components of selective attention) is negatively affected by ageing which
supports previous findings of information processing speed increasing with age
during visual search [Self et al., 2016] and general findings that information
processing slows with age [Nilsson et al, 2014; Papp et al, 2014; Kerchner et al,
2012; Ylikoski, Ylikoski, Erkinjuntti et al, 1993].

Subjective memory function in older adults

In older adults, information processing speed performance had no significant
relationship to subjective memory function in either condition (target alone or target
plus distractors). Since there is a close relationship between information processing
speed and structural change i.e. reduced white matter, finding no relationship
between information processing speed and subjective memory function in these
community dwelling adults, may suggest that any slowing of information processing
speed is unlikely to relate to detrimental structural change particularly since the
majority participants in this study performed to ‘normal’ levels in objective testing

(MoCA score)[see Torrens-Burton et al, 2017 for similar discussion].
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Any slowing of information processing speed is more likely to relate to healthy
ageing and thus at group level, these older adults accurately represent a healthy
control group. However there were a minority of older adults with lower MoCA
scores which may imply abnormality with general cognition although we only used

one test of general cognition thus further assessment is required.

These results support previous findings that there is no direct relationship between
subjective memory complaints and cognitive performance i.e. information
processing speed [Minett et al, 2007;] however the previous studies examined SCI
and not subjective memory function which was a novel approach in the current
study. Since the current study did not find subjective memory function to relate to
information processing speed, it may be the case that subjective complaints in these
ostensibly healthy older adults are not having significant effect on RT thus
information processing speed remains at ‘normal levels’ expected in ageing. In an
attempt to help with the characterisation of SCI, the results may suggest that SCI
may not disproportionately slow information processing speed in the older adults
taken from the general population. This can only be speculated at present as the older
adults who perceived changes to their memory function could not be followed up to

observe whether they were later diagnosed with SCI.

Past studies suggest that slowing of information processing speed may be influenced
by anxiety and depression as a result of subjective cognitive complaints [ Gale et al,
2016; Yates, et al 2015; Ansell & Bucks, 2006; Barker et al,1994; Sevush & Leve,
1993] although this has not been examined in relation to subjective memory
fucntion. Anxiety and depression are treatable conditions thus once levels are low,
‘normal’ levels of slowing expected in healthy adults may be observed thus older
adults no longer perceive as many memory changes. However this study recognised
that depression and anxiety can confound RT studies [as discussed in Tales &
Basoudan, 2016] thus levels were controlled for and were low and no relationship
was found between neither anxiety nor depression and information processing speed
nor was a relationship found between depression levels and subjective memory

function.

Alternatively, finding a lack of a relationship of subjective memory function in
visual search test may suggest that visual search test is not sensitive enough to detect
any changes of information processing speed in this population of older adults with

perceived changes to their memory function.
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However, it must be noted that the ratio of subjective memory function scores was
uneven with less people perceiving changes to their memory compared to those who
did not perceive memory changes. Therefore there may have been too few older
adults with perceived memory changes in order to find a relationship with

information processing speed.

This uneven ratio may have occurred either because these older adults have no
memory changes to notice or there is the possibility that any changes are not being
recognised for what they are, especially if changes are to other aspects of cognition
other than memory. It may have been of use to measure memory in more detail to
determine whether subjective perceptions about memory function were legitimate or
any memory changes were missed. In addition it may have been of use to measure
older adults’ perception of attentional function since RT in relation to attention was

being measured.

Despite finding no relationship there were still some extreme RT values (i.e. outliers)
i.e. some individuals with perceived changes to memory (low MFQ score) were
performing significantly slower. These individuals may be of clinical significance
and highlight valid subjective concerns which may represent undiagnosed SCI or
subjective memory function. These individuals may have affected the results and
misrepresenting a healthy older adult control group. Therefore further assessment
and follow up in these particular individuals will be of interest to observe whether
they should be diagnosed with SCI and information processing speed is significantly

slowed as a result.

Perceived test difficulty and information processing speed

In young adults, there was no relationship between information processing speed and
perceived test difficulty. How difficult the test (as a whole) was perceived to be was
not related to their information processing speed. Therefore we speculate that this
particular psychological factor/self-assessment does not influence information
processing speed in young adults during visual search. However, in this study only
one example of a psychological factor was examined against information processing
speed (perceived test difficulty). It may be possible that if young adults were
examined against other factors of self-assessment, the relationship with information

processing speed may differ.
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In older adults, perception of test difficulty significantly negatively correlated with
information processing speed in the target alone condition. The more difficult the

test was perceived to be, the faster their performance was.

This result implies that older adults’ self assessment or judgement of the demands of
the task (during performing the test but asked about it afterwards) may be related to
information processing speed. This supports Flavell [1979] that the demands of the
task can affect the outcome of a task (in this case the speed of performance). People
can have the propensity to believe a test to be difficult despite performing well (as
discussed in the introduction to this thesis). Therefore peoples’ perception influences

information processing speed but not in a way that reflects actual performance.

On group level, the average level of difficulty perceived by older adults was not
significantly greater to young adults i.e. both groups perceived visual search to be of
a similar level of difficulty. Despite this, perceived test difficulty only influenced
information processing speed in older adults possibly as older adults have greater
expectations than young adults of how difficult the test may be and how they are
likely to perform i.e. more critical or alternatively more unfamiliar with the test.
However, it must be noted that the effect size was small and it is difficult to judge
the relationship completely since the participants were scoring the test as a whole
and not judging the two conditions separately. Older adults finding the visual search
be more difficult also reported higher levels of depression which may relate to lower
mood influencing perception of the test thus having an effect on information
processing speed [as discussed in Setti et al, 2015; Bolmont, et al, 2000]. However
perceived test difficulty was found to have a positive effect on information
processing speed i.e. faster RT and there was no significant relationship between
depression levels and information processing speed in older adults. In addition the
relationship between perceived difficulty and depression levels was only just within

significant level.

For older adults in the local community, psychological factors such as perceived test
difficulty, specifically perceived test difficulty, may be influencing information
processing speed during attentional processing in visual search rather than physical
changes to brain function (albeit a small effect). This suggests that past research
measuring selective attention and information processing speed using visual search
in control groups may be flawed by neglecting to include perceived test difficulty as
an influential factor i.e. healthy older adult control group are inaccurately

represented.
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However at present we could only speculate that no physical changes were present in

older adults since having no access to brain scans and follow up assessment.

Information processing speed and Educational level

In young adults, education did not relate to information processing speed suggesting
that education does not influence young adults during a visual search test. In older
adults, education (even within the narrow ranges used) significantly negatively
correlated with information processing speed during the target plus distractors
condition (medium level effect sizes) and with the distractor effect but not during the

target alone condition.

A greater level of formal education (in years) was related to faster reaction times and
being less affected by the presence of distractors, i.e., more efficient attentional
shifting and disengagement. The older adult result supports Tun and colleagues
[2008] who found lower education to be associated with slower responses although
in this current study, education was not split between low and high levels in
comparison as the range of education (in years) was narrow. Higher education in
older adults related to high levels of depression although demographics displayed
depression to be at normal levels and depression was not associated with RT (or

V).

The influence of education with older adults’ reaction time implies that education
can be a ‘barrier’ towards cognitive decline i.e. increases cognitive reserve.
Cognitive reserve is the brains’ protective barrier against disease which can explain
how an individual with a high level of cognitive reserve does not manifest symptoms
at the same time as an individual with low levels of cognitive reserve. People
naturally have different levels of cognitive reserve with higher amounts allowing for
a more effective use of cerebral networks [Sole-Padulles, Bartres-Faz, Junque et al.,
2009] and different factors are said to increase cognitive reserve including but not
restricted to education [Sattler, Toro, Schonknecht, & Schroder, 2012; Meng &
D'Arcy, 2012].

Finding an effect of education was an important finding as although education was
matched between both groups (young and older adults) as closely as possible, there
was slight variation between both age groups. Even within the narrow range,
educational level had an effect on information processing speed in older adults

although the range was not varied enough to find an education effect in young adults.
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The results highlight that education is a factor to take into account when measuring
information processing speed in older adults (i.e. control groups) during visual

search [as suggested by Haworth et al, 2016].

Despite the influence of education, it must be noted that older adults were still
slower with poorer attentional integrity compared to young adults suggesting that the
factor of age has a stronger effect on information processing speed. This is reflected
in greater effect sizes for age effects on information processing speed compared to

education effects.

Sex and information processing speed

In the target alone condition (feature search), there was no difference of information
processing speed between males and females which was found with both young and
older adults. In the target plus distractors condition (conjunction search) there was no
difference between males and females in older adults but in young adults,
information processing speed was significantly faster in males compared to females
(medium level effect size). In addition, young adult females were affected more by
distractors i.e. poorer attentional integrity compared to males but again no effect was

found in older adults.

Sex differences found in young adults supports past studies of selective attention
finding that males are faster at disengaging their attention an invalidly cued location
and redirecting attention towards the target location [Merritt et al, 2005; Frederikse,
Lu, Aylward et al, 1999; Collins & Kimura, 1997]. Males are more efficient at
attentional shifting which is required during visual search particularly during
conjunction search which requires shifting attention from distractor to distractor until
the target is found. It is argued that the difference between male and female
performance is due to hormone levels. It has been found that testosterone is
associated with better cognitive performance [Muller et al, 2005] including RT
performance [Fontani et al, 2004; Muller, 1994] which supports why the current
results found young males to be faster than females. In addition, hormone levels in
males level out in older adults which may have less influence on cognitive
performance as a result. Therefore older male RT performance may not be as
significantly different to females (as found in the current study). However this is

simply speculation thus further investigation is required.
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Finding no sex difference in older adults supports some previous evidence [Solanik,
Brazatis & Skurvydas, 2016; Libzda, Ebner, Haiener et al, 2013] but contradicts
some other previous findings that older adult males are faster than (older) females

[Dykiert et al, 2012; Fozard et al, 1994].

Geary [1998] previously attempted to explain why sex differences may occur in
young adults but not in older adults. From an evolutionary point of view, young
adult males require better attentional processing and faster reactions compared to
females i.e. for hunting, which may potentially explain why young males are faster
than females and faster than older adults (particularly males). Alternatively, finding
few sex effects may imply that the influence of sex on information processing speed
is test specific thus the importance of examining a variety of different visual
attention tests. This will be addressed in this thesis by examining a variety of
different visual attentional tests in a second study to observe whether study outcome

in relation to sex effects are similar across tests.

Sex effects were only discovered in young adults for the target plus distractors
condition and not the target alone condition. This implies that sex may be dependent
on conditions within an attention test as well as between different tests themselves.
Sex differences of information processing speed may have reached significant levels
in older adults if more males were included the sample as the majority of older adults
were females. Having more males would have made for a better comparison with
females thus possible finding a significant difference of RT between the two.
However it may be the case that individuals’ age is a more influential factor on the
integrity of information processing speed and sex is not an important factor. This
may imply that in research studies using visual search, sex should be taken into
account depending on whether young adults are included as a comparison to older
adults. Previous studies of attention-related information processing speed and
ageing using visual search have either poorly addressed sex as a factor or failed to
compare the effects of sex on information processing speed. In addition, the DSM 5
which has highlighted the importance of measuring information processing speed
does not discuss sex effects in detail and its potential influence on the results of RT

studies.
Subjective memory function and Education

The level of education (in years) older adults had did not relate to whether or not

they perceived changes to their memory function.
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The fact that education had an influence on processing speed and not subjective
memory function is an important finding as it suggests that it may not matter what
people think about their cognition. Instead information processing speed is

influenced by other factors i.e. education.

The positive influence of education on information processing speed supports that
this factor can be beneficial for producing a barrier against cognitive deterioration
i.e. cognitive reserve [Sattler et al, 2012; Meng & D'Arcy, 2012]. Having higher
levels of cognitive reserve results in the brain being more protected against disease
and any symptoms of cognitive impairment are delayed. A lack of symptoms (such
as impaired memory function) would reflect in older adult’s perception of their
memory i.e. they do not perceive anything is wrong thus report very few memory
changes. Further examination using other attention tests are included in the current
study to determine whether the level of education in older adults is similarly more
influential on information processing speed and II'V and not subjective memory

function.
Subjective memory function and Perceived test difficulty

In older adults there was no significant relationship between subjective memory
function and perceived test difficulty. How difficult the visual search test was
perceived to be did not relate to having perceived changes of memory function. This
is an interesting finding as we would presume that if a person believes their
cognition is poor, they would assume that tests will be more difficult to perform as a
result. This may be because they believe that poor cognition will impair the ability to
perform a cognitive task well enough thus making the task more difficult to
complete. Since this direction was not found it may highlight further that subjective
memory function is only a person’s perception of their own ability with no practical

influence (as discussed earlier with information processing speed).

Education and perceived test difficulty

In young adults there was no relationship between education and perceived test
difficulty. The number of years in education had no influence on how difficult young
adults perceived the visual search test to be. In older adults however, education
positively correlated with perceived test difficulty; the higher the level of education

(in years), the more difficult the test was perceived to be (medium level effects size).
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As discussed in the introduction to this thesis, the level of education an individual
has may influence how difficult the test is perceived to be. If this is the case, it would
be expected that higher levels of education to be beneficial i.e. higher levels of motor
skill or concentration thus help tests appear less difficult. However, older adults

found the test to be more difficult despite having higher education.

In addition better general cognition (MoCA score) in older adults also related to
finding the test more difficult. This may be due to older adults being unfamiliar with
the test thus expecting it to be more difficult than it was actually designed to be.
Alternatively older adults may have different expectations i.e. be more critical of the

test and thus their performance.

Intraindividual variability (II'V)

Age comparison of IIV

In the target alone condition, older adults were significantly more variable in their
reaction time performance compared to young adults (reflected by a large effect size)
implying that the integrity of information processing speed in older adults is poorer
during feature search (finding a salient target) thus poorer integrity of CNS. This
supports previous evidence that IV increases with age [Mella et al, 2013; Dykier et
al, 2012; Fozard et al, 1994; Inui, 1997] although these previous study findings were
in relation to visual search. Lower 11V i.e. less varied RT performance in young
adults may have related to finding an association between lower RT and better
general cognition (high MoCA score) in the target alone condition i.e. having good
general cognition may be reflecting good integrity of CNS thus less variability of RT

performance.

In the target plus distractors condition, older adults were also significantly more
variable (reflected by a large effect size) in their reaction time performance
compared to young adults implying that the integrity of information processing
speed (and brain function) in older adults is poorer in conjunction search. Older
adults find it more difficult to focus attention away from distracting information thus

are slower at shifting attention from one location to another until the target is found.
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Less variable RT performance and better attention integrity found in young
compared to older adults may have been influenced by depression levels as higher
levels of depression were related to lower IIV i.e. less varied RT performance

although why higher depression would improve IIV requires further investigation.

When comparing the two conditions within both young and older adults, target alone
trials (feature search) produced less varied reaction times compared to when
distractors were present (conjunction search). This result implies that both young and
older adults are less variable when shifting attention towards salient information than
disengaging attention from non-salient information (distractors) and shifting

attention towards a target [Plude & Doussard-Roosevely; Treisman & Gelade. 1980].

Integrity of Attention (distractor effect)

In older adults, there was a greater difference of IIV between the distractor condition
and the target alone condition compared to young adults. This is a strong effect as
the effect size was large. This implies that older adults had a poorer ability to shift
attention away from distracting information and focus attention on the target thus

increasing variability of RT performance.

Again this finding is similar to the findings with information processing speed
suggesting that the integrity of attentional shifting and disengagement is poorer as
age increases. As mentioned above, the inclusion of distractors increases the
complexity of the task which in turn requires more information processing resources
i.e. greater processing load. An increase of processing load results in greater effects
of different factors i.e. age on information processing speed and IV, in this case
older adults being affected greatly by distractors thus their information speed was

significantly slower and more varied compared to young adults.

In both young and older adults as RT increased (i.e. slowed), IIV also increased (i.e.
RT performance was more variable) in both the target alone and target plus
distractors condition. Despite this significant correlation between RT and IIV, both
measures were not influenced in the same way by person-related factors i.e.
perceived test difficulty significantly correlated with RT but not with IIV. This
implies that information processing speed may be more effected by perceived test
difficulty compared to IIV thus this relationship should be focused on in future

visual search studies.
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In addition, effect sizes were greater when comparing RT between young and older
adults suggesting that information processing speed better distinguishes differences

between young and older adults.

Subjective memory function and intraindividual variability

In older adults, ITV performance had no significant relationship to subjective
memory function. Any changes in IIV were not reflected in their subjective

perception about their memory (SCI measure).

The same finding was found for information processing speed thus suggesting that
any variation of information processing speed was unlikely to be the result of an
influence of peoples’ perception of their memory function. Arguably therefore, it
would not have mattered at mean group level if older adults reported perceived
changes to their memory before visiting their GP (no formal SCI diagnosis).
Variation of information processing speed is more likely to relate to healthy ageing
and thus at group level, these older adults accurately represent a healthy control
group. However a limitation in the current study was failing to include specific
memory tests and only a score of overall general cognition (MoCA). More specific
memory tests may have provided more detail of memory function thus we may have

found more relationships with subjective memory function.

There were still some extreme IIV values (i.e. outliers) i.e. some individuals with
perceived changes to memory were performing significantly more variably lower.
These individuals may be of clinical significance and highlight valid subjective
concerns which may represent undiagnosed SCI. These individuals may have
affected the results and misrepresenting a healthy older adult control group.
Therefore further assessment and follow up in these particular individuals will be of
interest to observe whether further examination leads to a SCI diagnosis of which
information processing speed is significantly more varied as a result (implying

poorer integrity of information processing speed and related brain function).

Perceived test difficulty and intraindividual variability

There was no significant relationship between IIV and the perceived difficulty of
both conditions in visual search for both young and older adults. This is interesting
as older adult information processing speed, did relate to perceived test difficulty

albeit a small relationship (i.e. small effect size thus possibly not very robust).
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Since IIV has not been investigated as thoroughly in relation to visual search as
information processing speed, understanding why only information processing speed
was found to be influenced by perceived test difficulty requires further examination
although one explanation may be that information processing speed is greatly more

effected by perceived test difficulty compared to IIV.

Education and intraindividual variability

In young adults, there was no association between educational level and IIV which
was also found between education and information processing speed. In older adults,
education significantly negatively correlated with intraindividual variability for the
target plus distractors condition. A greater level of formal education (in years) was
related to less variation of reaction times (medium level effect size). This implies
that a greater level of education helps the integrity of the CNS thus variability is low.
It has been argued that higher levels of education relates to greater cognitive reserve

i.e. brain’s resilience to disease [Sattler et al, 2012; Meng & D'Arcy, 2012].

The findings are similar to those for information processing speed although in
information processing speed a relationship was also found between education and
attentional integrity (distractor effect). This is also an important finding as although
education was matched between both groups (young and older adults) as closely as
possible, there was some variation and even in this narrow range, educational level

had an effect on IIV in older adults.

Sex and intraindividual variability

In the target alone condition (feature search), there was no difference of IIV between
males and females which was found with both young and older adults. In the target
plus distractors condition (conjunction search) there was no difference of IIV
between males and females in older adults. In contrast, information processing speed
in young adults was significantly less varied in males compared to females. In
addition, young adult females were affected more by distractors i.e. poorer
attentional integrity compared to males but again no effect was found in older adults
(medium level effect sizes). Similar results were found for information processing
speed therefore sex appears to be only influential on young performance and young
females during visual search as well as being dependent on components within the

visual search.
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One suggestion is that sex differences in RT variability may be due to the effect of
sex hormones on the brain [Dykiert et al, 2012; McEwan, 2001; Hampson, 1990].
For example oestrogen levels may affect attention systems [McEwen, 2001] and as
oestrogen levels are high, cognitive performance in tasks which males tend to be

better at performing i.e. spatial ability, is poorer in females [Hampson, 1990].

Therefore we speculate that this supports finding a sex difference in young adults
and not in older adults as in older adulthood, hormone levels have levelled out.
However, oestrogen has not always been found to influence RT variability [Low,
Anstey, Jorm et al, 2006; Wegesin & Stern, 2004). This outcome variability is
argued to reflect study limitations i.e. small sample sizes and further replication

required [Dykiert et al, 2012].

Outliers

As with information processing speed, outliers were more prominent in the target
alone condition and the distractor effect (attentional efficiency) in older adults but
with extreme values (see Figure 2) in young adults. When examining sex and
information processing speed outliers were also predominantly in older adults (male)

target alone condition but more extreme in young (female).

With intraindividual variability, outliers were more prominent in the target alone
condition and distractor effect in older adults (and with one extreme value) but also
with extreme values in young adults (see Figure 5). There was no single individual
highlighted as a single outlier in each condition but a number of different
participants were highlighted as outliers with significantly slower and more varied
information processing speed. These outliers may have influenced the level of
difference between young female and male information processing speed thus
finding young males to be significantly faster compared to young females.
Therefore, it will be of interest to examine these individual young females in greater
detail to determine why their information processing speed is significantly slower

compared to the mean result.

Outliers i.e. disproportionately slower RT in young adults are speculated to be the
result of a lack of concentration or settling into the task (if the outlier occurred at the
very beginning of the task) rather than any significant deterioration of cognitive

processing [discussed in Torrens-Burton et al, 2017, Haworth et al, 2016.
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However it cannot be ignored that these adults may be poor at the task or despite
being young, may be displaying early signs of further cognitive decline.
Understanding which explanation is more likely requires further examination and
follow up. Large outliers, particularly the extreme values, in older adult information
processing speed and IIV may be highlighting discrete issues in cognitive

functioning which require further assessment and follow up.
Errors

Errors were related to pressing the wrong button for the designated response i.e.
responding incorrectly to the direction of the arrow stimulus. In both the target alone
condition and the target plus distractors conditions there was no significant
difference in the number of errors made between young and older adults. This does
not support past research finding more errors made by older adults in visual search
[Madden et al, 1999; Madden, Turkington, Provenzale et al, 2002]. When comparing
sex, in the target alone condition there was no significant difference in the number of
errors made between females and males in both young and older adults. In the target
plus distractors condition, there was no significant difference in the number of errors
made between older adult males and females but in young adult females made

significantly more errors compared to males.

Errors which were made by young adults (in particular you females) may have been
attributed to a brief slip of concentration or making a simple mistake due to
performance anxiety although there was so significant correlation between anxiety
levels and the number of errors in each condition. In contrast, errors made by older
adults may have reflected impairment of cognitive processing, in this case selective
attention resulting in the inability to respond correctly. If cognitive impairment is
present in a particular individual this may raise the mean number of errors although
there were no one individual older adult singled out for making a significant amount
of errors compared to others. In addition, for both young and older adults the
individuals presenting outlying RT or IIV did not relate to the individuals who made
the greatest number of errors. This implies that outliers made by individuals related

to responses which were correct but were disproportionately slower or more varied.

Alternatively the errors made by both young and older adults may have related to a
speed/accuracy trade-off which is found to occur in RT studies [van Veen, Krug &

Carter, 2008; Brebien, 2001].
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This trade-off refers to individual differences in whether a person places more
emphasis on speed or accuracy when performing RT tests. Young adults were
significantly faster compared to young adults thus may have placed more emphasis

on speed resulting in errors being made.

In contrast older adults were significantly slower and made fewer errors compared to
young adults (although on group level this difference was not significant). Older
adults may have placed more emphasis on performing the test more accurately than
performing quickly. Indeed it has been observed previously that older adults place
more emphasis on accuracy rather than speed during RT tests [Brébion, 2001;
Salthouse, 1979]. We tried to control for this speed/accuracy trade off by instructing
all participants to be as fast and as accurate as possible. However the results
highlight that there still individual differences in which aspect of the RT test a person

holds more value to.

A greater number of errors made (particularly in young adult females) appeared to
depend on the condition in the visual search test which may relate to the differences
in processing demands of the two tasks [Phillips et al, 2013]. The more complex the
task 1s (i.e. target plus distractors condition compared to target alone condition), the
more information processing resources are required as more brain areas have to be
recruited. The result of an increase of processing load may increase strain on mental

resources which may provide greater capacity for making an error.

It could have been useful to look at practice and fatigue effects i.e. the number of
trials having effect on RT or IIV. This analysis was not possible due to the way the
visual search paradigm was programmed. Therefore examining the number of trials
was included in a different test with multiple trials within the current research

(Choice reaction time test).

Study Limitations

Despite this study trying to address the limitations from other methodologies, it still
has its potential limitations. There was a gender bias towards females who were
willing to participate in psychological research as well as variability between the
participants themselves, for example the level of education although this was

matched as far as possible.
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When beginning this study, the inclusion criteria for older adults included a
maximum age cut off of 70 years however this was limiting the number of
participants available to achieve larger sample sizes compared to some previous
visual search studies. Therefore increasing the age limit improved the number of
participants however it did not change the ratio of females to males. Similar issues
occurred within recruiting both sexes for the young and older adult populations.
Attaining the required number of males was difficult due to more females of both
age groups being willing to participate which may have made the results not as
generalizeable to both the young and older adult populations. Therefore, this should
be taken into account when comparing sex in both older and young adults thus the

requirement to recruit a greater number of young and older adult males.

In addition there were not enough older adults with or without subjective memory
complaints in order compare RT and IIV between those with subjective memory
complaints and those without subjective memory complaints. This may also have
explained why no relationship was not found between subjective memory function
and information processing speed or IIV i.e. a higher number of older adults
perceived no changes to their memory function compared to those perceiving no

memory changes.

A longitudinal study design would be beneficial to observe whether the older adults
used in the study went on to develop SCI, especially those individuals who perceived
changes to their memory function or those who produced disproportionately slower
and more varied RT i.e. outliers. This may help to further characterise how RT and
IV of attention is affected in SCI if a relationship is found between subjective
memory function and the development of SCI. A longitudinal study could not be

achieved since only having a limited time to conduct the current research studies.

Other factors may have had an effect on reaction time performance but were difficult
to control for. For example, older adults were likely to be on different medications or
have other conditions which may have an effect on reaction time performance (e.g.
diabetes) or which can cause difficulties in using the equipment available i.e. trying
to press the spacebar for a long period of time with arthritic hands. This may have
had an effect on the generalizability of results i.e. not reflecting true RT performance
for cognitively healthy older adults. Medication could not be controlled for but those

most likely to affect attention were excluded from the study.
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Acquiring an accurate and consistent reaction time from responding to the trial relied
on the participant keeping their eyes focused on the cross at the beginning of each
trial before searching for the target. This required the researcher to keep a close
watch during the test which may have caused small levels of performance anxiety for
the participant thus being unable to perform to their optimum level. The effects of
distraction could have been transferred onto having a researcher in the room [Tales
et al, 2011] therefore compromising the performance of the participant. It would
have been beneficial to measure eye movement with the use of an eye tracker to

check they were on track which is a potential measure for future testing.

With computers there is always a minute delay between a persons’ natural reaction
time to a stimulus and the time it takes for the software to record the RT when a
keyboard button is pressed. This is a latency effect although it is usually not
significant enough to make a significant effect on results as it is corrected for by
computer programmes [Woods et al, 2015] although it may have an effect on ‘true’
RT performance of an individual. The programme used for this test tried to
minimise this effect and the same computer was used for all participants thus any
latency effect which was present would have effected all participants similarly.
Nevertheless it is important to keep this latency effect in mind when measuring and
comparing computer based reaction time tasks. There is also a question of the
reliability of subjective score raising queries as to the honesty of the participants’

responses about their cognitive concerns.

It would be of interest to ask participants about how they feel about their attentional
processing and compare this with their actual attentional performance during the
visual search. Although direct questions about memory can usually provide more
accurate reflection of cognition as people do not often recognise other issues i.e.

attentional problems for what they are.
Future directions

Having a greater number of older adults with subjective memory complaints (low
MFQ score) would make it easier to compare their RT and IIV with individuals with
no subjective memory complaints (high MFQ score). This may help to determine
how RT and IIV in selective attention are affected in subjective memory function
and possibly help to characterise how RT and IIV in selective attention are affected
in SCI although this would also require further assessment and follow up to
determine whether the older adults in the general population with subjective memory

complaints go on to develop SCI after visiting their GP.
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Detailed measures of objective memory would be of use alongside subjective
measures of memory function as subjective questionnaires rely on individuals
accurately reporting changes. Objective measures of memory may help to determine
whether individuals were correctly interpreting the types of changes they perceived

to be having with their memory i.e. forgetfulness.

The subjective measure of memory function used in the current study (Memory
Functioning Questionnaire, [MFQ]) has been validated as a reliable measure of
memory self-appraisal although it is recognised that it is not a substitute for objective
memory tests [Gilewski et al, 1990]. It may have been of use to include
questionnaires measuring subjective perceptions of everyday attention to examine
how individuals perceive their attentional function by have an effect on their RT and
IV of attention. However questions on poor attentional function need to be worded
carefully as individuals in the general public may not recognise changes to attention
for what they are. Conducting focus groups would be helpful in this case to

determine whether individuals perceive attention in similar ways.

Other factors not taken into account in the current study should also be compared
with information processing speed and IIV such as sleep, occupation and personality,
to observe whether they are influential on information processing speed and

variability or whether ageing effects are more influential.

It would be an interesting direction to compare saccades (eye movements) between
older and young adults. This would provide more of a neurological comparison of
information processing speed attentional processing during ageing; increased
saccades have already been found in AD [Rosler et al., 2005]. In addition, examining
brain images of the same older participants i.e. physical changes to brain structure
such as reduced white matter integrity, may provide a clearer explanation as to why
older adults were producing significantly slower RT compared to younger adults. In
addition bran scan would determine whether older adults who perceived changes to

their memory function indeed had physical impairment to memory function.
Conclusion

This study found slower information processing speed and greater IIV in older adults
compared to young adults. Subjective memory function had no influence on
information processing speed and its variability suggesting that in community
dwelling older adults without a formal SCI diagnosis, perception of memory

function has no impact on the interpretation of control group results in a visual
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search selective attention test. Despite this there were some individuals highlighted
as outliers (significantly slower information processing speed), which may have an
influence on the results. Therefore subjective memory function should be taken into
account in older adult control groups as well as all outlying results followed up with
further assessment. Subjective memory function in these individuals may be due to
significant cognitive impairment as related to SCI which is being reflected in
significantly slower information processing speed although this is only one

explanation for slower information processing speed in older adults.

Perceived test difficulty influenced information processing speed in older adults but
did not influence intraindividual variability. Despite a small effect size,
psychological factors may need to be considered if they have an influence on
information processing speed and thus included when investigating control groups in
visual search studies. This measure needs to be repeated as the current result may not

have been robust enough.

Sex only influenced information processing speed and its variability in young adults
and education only had an influence on older adults’ information processing speed
and its variability i.e. faster and less variable RT. In addition, education was
influential on information processing speed regardless of perceived changes
implying that it does not appear to matter how people perceive their memory
function to be. Therefore, education is important to take into consideration when
measuring information processing speed and its variability of control groups in

visual search studies.

What this study did observe is that finding a relationship between information
processing speed or IIV and sex, education and perceived test difficulty did appear to
depend on the condition within the visual search test. The majority of correlations
were found in the target plus distractors condition possibly due to the differences in
processing demands of the two tasks [Phillips et al, 2013]. The more complex the
task is (i.e. target plus distractors condition compared to target alone condition), the
more information processing resources are required as more brain areas have to be
recruited. The result of an increase of processing load may be a greater effect of
different factors i.e. age on information processing speed and IIV. The variation of
task processing demands needs to be considered therefore as a factor influencing

study outcome [as discussed in Phillips et al, 2013].
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The findings in this study can only account for selective attention in visual search
therefore different tests of similar attentional function need to be examined. It
important to observe whether effects of different factors are task dependent as
although there was no effect of subjective memory function on information
processing speed and its variability (II'V) during visual search, it may be the case that
effect of these factor is sensitive to other tests of visual attention. Therefore a second
larger study in this thesis was conducted with other tests of similar attentional
function i.e. selective attention to examine whether study outcomes i.e. the influence
of sex, education, perceived test difficulty and subjective memory function are
similar across different visual attention tests. In addition the effect of the number of

trials on RT and IIV was examined in the Choice RT test.
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3.0 CHAPTER THREE: The Trail Making Test

3.1. INTRODUCTION

In the first study (see Chapter 2) factors of sex, education, subjective memory
function and perceived test difficulty) were examined with respect to a single visual
search test of attentional related information processing speed and attentional
function, commonly applied for research in this area but for which such factors had
not been fully investigated. The results of this visual search study found that
information processing speed in older adults was slower and more variable compared
to young adults. Information processing speed was influenced by sex in young adults
(males performing faster compared to females) but not in older adults. Sex
influenced IIV in young adults but only in the Target plus distractors condition. In
older adults, subjective memory function did not significantly influence either
information processing speed or intraindividual variability, i.e., whether or not older
adults perceived changes to their memory, did not have an influence on their actual

performance speed or variability.

Perceived test difficulty had a significant influence on information processing speed
in older adults but not in young adults. Older adults who perceived the test to be
difficult were in fact quicker at performing the test (faster information processing
speed) thus their judgement of how difficult the task was did not reflect in their
actual performance. In older adults, how difficult they perceived the test to be was
significantly related to their level of education with those older adults with higher
education (in years) judging the test to be more difficult compared to those with
lower levels of education. Perceived test difficulty had no influence on IIV in both
young and older adults thus how variable young and older adults’ performance was
did not relate to how difficult or easy they perceived the test to be. Visual search-
related information processing speed and IIV was influenced by education in older
adults with those with higher levels of education performing faster and less variably

than those with lower levels of education, but not in young adults.

Finding an influence of sex, education and perceived test difficulty on information
processing speed and its variability during visual search were dependent on the
condition i.e. finding a correlation in only target alone condition or only in target
plus distractors condition indicating that even sub-tests of paradigms can influence

study outcome.
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Despite outcome variability within sub-tests, the visual search test in this current
research suggests that older adult RT and IIV (in particular RT with larger effects
sizes) may be influenced by different factors such as sex, education and perceived
test difficulty other than the effects of age. Therefore, this implies that previous
studies using a similar visual search paradigm but not including sex, education and
perceived test difficulty may have misinterpreted their results of how information

processing speed is affect in ageing.

Finding no relationship of subjective memory function in the visual search may
indicate that information processing speed and its variability as measured by the
visual search test remains at ‘normal’ levels in a healthy older adult group despite
those who perceive changes to their memory (and since performed to ‘normal’ levels
in objective testing (MoCA score), see Torrens-Burton et al, 2017 for similar
discussion]. Alternatively, the visual search test measuring information processing
speed may not be sensitive enough to detect any cognitive changes in older adults
experiencing subjective memory changes. However, a lack of an effect of subjective
memory function was found at group level yet the presence of outliers of information
processing speed and IIV (separate from those outliers removed before analysis)
may indicate that visual search is sensitive enough for some individuals who
perceive memory changes. These people may be displaying poor function thus not a
good representation of healthy older adults so cannot be used in healthy control
groups. Further assessment and follow up would be useful in these individuals to
determine whether they have significantly poorer function than expected during

healthy ageing.

The results (i.e. influences on information processing speed) found in this visual
search study can only account for how information processing speed is effected in
young and older adults in relation to this particular research attention test. It may be
the case that some tests are more sensitive to the influence of these different factors
than others in the same group of people. Therefore, result outcome may vary
depending on the type of test used. This makes it difficult to characterise what is
happening to information processing speed (i.e. what factors influence it) during
ageing. The importance of information processing speed is highlighted in the DSM-5
yet if it is not specified clearly in clinics what research tells us about as to how
information processing speed is associated by which factors and by which test, or
type of test. This makes it difficult for clinics or research to replicate studies and may
hinder understanding of RT and IIV in ageing.
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Therefore, a second study was designed to include a larger battery of attention tests
(research and clinical) to examine how the use of different tests of information
processing speed in the same people (where possible) might produce different
results. The type of test used by influence Whether RT and IIV is significantly
reduced or not in ageing or whether factors such as sex and education, subjective

memory function and perceived test difficulty have an effect on RT.

Testing the same young and older adults in each test helps to determine whether
information processing speed is influenced in the same way (i.e. by the same factors)
between tests or whether the outcome varies depending on the type of test used.
Using the same people where possible helps to control any confounding variables
which may occur so that they are the same for each test otherwise it is unclear
whether the results are due to the test or to the people themselves if different groups
are used. There are a number of different factors which can influence results i.e.

medication, mood, thus using the same people attempts to minimise these biases.

In this second study information processing speed and intraindividual variability and
the influence of different factors (sex, education, subjective memory function and
perceived test difficulty) will be measured in the same groups of young and older
adults (where possible) using the Trail Making test (TMT) [clinical], Simple reaction
time test, (research) Choice RT research test (in which the effect of trial numbers can
be examined which was not possible in visual search) and the Multi-item localization
(MILO) test (research). In the current Chapter, the results will be described from the
Trail Making Test; a test typically used to measure information processing speed in

clinical settings.
The Trail Making Test

The TMT has been used in research to compare information processing speed and
executive function between healthy ageing, MCI and AD and is typically used in
memory clinics in the diagnosis of AD, other aetiologies of dementia and MCI.
However, study outcome may vary between TMT studies due to methodological
differences. For example, previous studies have used a wide age range (age
continuum) rather than comparing young adults with older adults [Bezdicek et al.
2012; Rasmusson et al, 1998; Cangoz et al, 2009] and within those participant groups
different demographics have been measured [e.g. Wright et al, 2016] along with

differences in inclusion and exclusion criteria.
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Problems with previous studies addressed in this study

In some TMT studies a young control group has not been included to compare to
older adult groups. Failing to include a young adult group to compare with older
adults (i.e. healthy ageing control groups in MCI and AD studies) may result in an
inaccurate representation of how information processing speed slows during healthy

ageing.

Different factors may differentially influence young and older adults and also clinical
populations. If not taken into account, these factors may lead to a misinterpretation of
RT results thus affecting the clinical interpretation of cognitive function in
individuals. In addition some previous studies have used small or unequal numbers
of participants when comparing healthy older adults with MCI or AD on the TMT
[Hagen, Ehlis, Haeussinger et al, 2014; Sanchez-Cubillo, Perianez, Adrover-Roig et
al., 2009; Ashendorf et al, 2008] or when comparing young and older adults [Hagen
et al, 2014]. Not having a sufficient enough sample size may result in a poor
representation of the population and thus affect the validly of the results. This may
impact how information processing is characterized within healthy ageing (the
difference of processing speed between young and older adults) or characterised
between healthy ageing and MCI or AD. To address these two issues, the current
study included large samples of both young and older adults which were compared to

each other with similar numbers in each group.

Sex and education have been examined previously using TMT with some studies
finding slower information processing speed in females compared to males in both
young adults [Karia et al, 2012] and older adults [Dykiert et al, 2012; Fozard et al,
1994] and slower information speed associated with lower education [Plotek et al,
2014; Cangoz et al, 2009] found in both young and older adults [Hamdan et al,
2009]. However variability of outcome in TMT studies have also found no
association between sex and RT [Wright et al, 2016; Stuss, Stethem & Poirier, 1987
(older research)] or only a sex effect in Trails A [e.g. Giovagnoli et al, 1996,
although results of low significance] and no association of education on RT
[Hashimoto et al, 2006] or only and education effect in Trails B [Hashimoto et al.,
2006; Tombaugh, 2004]. Variability of methodology occurs between these studies
which may explain differences between results i.e. scoring methods, type of analysis
and the interpretation of errors [Haworth et al, 2016], small number of participants

[Wright et al, 2016; Bezdicek et al, 2012].
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Not many studies, if any, have examined subjective memory function and
psychological factors i.e. perceived test difficulty. How these previously ignored
factors may affect information processing speed may influence results and in future
how researchers interpret the results of TMT studies and what clinicians take into
account when measuring RT using the TMT especially in terms of what constitutes
an ostensibly cognitively health older adults. In addition, the DSM-5 highlights the
importance of measuring information processing speed [Sachs-Reicsson & Blazer,
2015] yet does not provide details particularly in relation to the potential influence of
sex, education and especially novel factors of subjective memory function and

psychological factors i.e. perceived test difficulty.
One trial versus multiple trials

A significant aspect of the clinical TMT is that this pen and paper test typically uses
a single trial as its measure of information processing speed. In contrast, research
studies typically use tests including multiple trials for a mean score of RT
performance. After an initial investigation of TMT and visual search, a paper
[Haworth et al, 2016] was produced (using a different study of Dr Tales) examining
the dichotomy between tests used in research i.e. the visual search and tests used in
clinics i.e. the TMT. This study compared RT between aMClI patients and healthy
controls for both the visual search and the TMT. It was found that the TMT could
only distinguish differences between aMCI and healthy ageing in the Trails B
condition but not the Trails A condition. In contract both conditions of the visual
search (target alone and target plus distractors) found aMCI patients to be

significantly slower compared to healthy ageing.

The conclusion drawn was that despite the clinical TMT being a simple test to
administer, the use of one trial may not be sufficient enough to make comparisons of
RT between healthy and pathological ageing. Arguably therefore, the TMT may not
be sufficient enough to make comparisons of RT in healthy ageing i.e. between
young and older adults. Haworth and colleagues also argue that a greater number of
trials (used in research tests) may provide more sensitive results which is an

argument that has already been made before [i.e. Salthouse & Fristoe, 1995].

Research tests using multiple trials can also measure intraindividual variability (IIV)
i.e. measuring the functional integrity of information processing speed which a single

trial test such as the TMT cannot achieve.
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Another issue with the TMT is that in research versions, the test could not be
finished by healthy ageing individuals for different reasons i.e. giving up, [Kim et al,
2014] language barriers [Seo et al, 2006] or low levels of education [Cavaco et al,
2013; Seo et al, 2006]. This highlights that if the TMT cannot be finished in research
settings by healthy individuals this may be a problem for clinics using the test as
failed attempts may be incorrectly associated with cognitive dysfunction and not with

any other factor.

Finding limitations with the TMT begs the question whether clinically we should be
using more research tests such as the visual search rather than the TMT if the visual
search appears to be a more sensitive test. In addition it questions whether clinical
practice (i.e. using the TMT) is in accord with what is known about the test from
research studies such as failed attempts of the TMT in healthy individuals or the
association of RT with other factors i.e. sex and particularly education. It may be
necessary to raise awareness to clinicians as to what is being found in research
studies as to which RT tests may be more sensitive to the effects of ageing or best

distinguish between healthy and pathological ageing.

Despite all these issues above, the second study in this thesis included an
examination of the TMT (and compare results with visual search) for two reasons.
Firstly, information processing speed has not been compared in much detail between
research visual search test and clinical TMT for healthy ageing i.e. comparing young
and older adults. Secondly, factors person-related factors of subjective memory
function and perceived test difficulty, along with sex and education, have not been
examined in relation to RT in relation to the visual search and the TMT (and IIV in
the visual search). Therefore we examined whether factors that influence RT using a
multi-trail research test (visual search) also have a similar effect on a one trial

clinical test (TMT).
Details of the Trail Making Test (TMT)

The TMT measures information processing speed in relation to executive function; a
compilation of cognitive processes required for the cognitive control of behaviour
including attentional control, cognitive flexibility, planning and working memory
and functions such as eye movements, shifting attention and decision making. Some
functions overlap in the visual search task making the TMT similar in many ways to

visual search.
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During the TMT the focus of attention has to be serially shifted throughout the visual
scene in order to locate and respond to the target (number or letter) while
disengaging attention from the distracting information (unwanted numbers or letters).
The TMT differs from executive function measured by the visual search task as it
measures number sequencing, switching attention from numbers to letters and motor
movement of drawing a line to connect both numbers and letters. Another difference
in the TMT is that it only includes one trial (thus IIV cannot be measured) whereas
the visual search is a multiple trial test therefore, due discrepancies between clinical
tests (single trials) and research tests (multiple trials) mentioned above, we were
interested in examining TMT (a clinical test) and comparing with visual search (a

research test).

The TMT is a pen and paper task consisting of two parts (see Figure 8). Part A
(Trails A) involves drawing a continuous line connecting numbered circles in
numerical order which are distributed around the paper. Part B (Trails B) involves
drawing a continuous line connecting numbers and letters in alternating order i.e.1-

A, 2-B etc.

Figure 8: Representation of the stimuli for Trails A and Trails B
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Trails A is typically described as measuring information processing speed in relation
to attentional processing as well as number recognition, numeric sequencing and
motor speed whereas the Trails B task is typically described as measuring the
efficiency of attention switching, simultaneous maintenance of two sequences,
working memory and cognitive flexibility (which make up executive function)
though measuring information processing speed [Salthouse, 2011; Sanchez-Cubillo

et al., 2009].

During Trails B participants are required to mentally maintain two separate
sequences (consecutive numbers and consecutive letters) and constantly switch
between the two. This requires greater cognitive flexibility and the processing of
larger amounts of information (two separate sequences compared to one). Processing
greater levels of information in Trails B requires greater processing load compared to
Trails A [Haworth et al, 2016] which puts greater strain on cognitive resources thus it
would be expected that Trails B would produce slower reaction times compared to
Trails A and indeed this is the case [Haworth et al; 2016; Sofko et al, 2014;

Rasmussen et al, 1998].
Brain activity occurring during the TMT

TMT is associated with activation of the pre-frontal cortex (PFC) [Shibuya-Tayoshi,
Sumitani, Kikuchi et al., 2007; Zakzanis, Mraz, & Graham, 2005; Moll, de Oliveira-
Souza, Moll, Bramati, & Andreiuolo, 2002] as found to be activated when
performing the Trails A [Hagen et al, 2014] and Trails B conditions [Arbuthnott &
Frank, 2000] in both young adults [Crowe, 1998] and older adults [Hagen et al.,
2014].

However, it has been argued that executive functioning is not restricted to the pre-
frontal area of the brain. This is because some individuals with damage to the PFC
have displayed a lack of executive deficits and individuals without damage to the
PFC still displaying deficits in executive functioning [Andres, 2003]. Supporting this
assumption, Zakzanis and colleagues [2005] discovered activation of the left middle
and superior temporal gyrus during TMT performance therefore suggesting that the
PFC is not the sole area activated during the executive functioning during the TMT.
It is useful to understand which areas of the brain are activated during the TMT. If
brain areas associated with the TMT are damaged during ageing it can be observed
whether TMT performance in healthy ageing is poor (i.e. slower information
processing speed).
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In addition if similar brain areas are impaired in MCI or AD, TMT performance in
MCI or AD patients compared to healthy ageing may provide a better
characterisation of how information processing speed is affected between healthy

and abnormal ageing thus useful for clinical settings i.e. diagnosis purposes.

Past research measuring information processing speed and IIV using the TMT

in ageing

During ageing, white matter in the brain begins to shrink due to the loss of neurons
and as a result, scars i.e. white matter lesions develop indicating areas of damage
[Rabbitt, 2015]. Detrimental change to white matter have been observed in frontal
areas of the brain [Damoiseaux, Smith, Witter et al., 2009; Perry, McDonald, Hagler
et al., 2009; Bucur et al, 2008] with lesions found in the PFC in older adults which,
as mentioned above, is an area found to be activated during the TMT [Demakis,
2004; Stuss, Bisschop, Alexander et al., 2001] therefore it would be expected that
TMT performance would be poorer. Indeed, poorer white matter integrity during
ageing has been demonstrated to result in impaired executive functioning thus
negatively affect overall performance of the TMT (i.e. slower information processing

speed) [Cook, Leuchter, Morgan et al, 2004; Keys & White, 2000].

Many research studies have found information processing speed to slow in older
adults during the TMT due to the effects of ageing [Hagen, 2014; Plotek et al, 2014;
Sofko et al., 2014; Pélsson, 2013; Cangoz et al, 2009; Zalonis et al., 2008; Periéiiez,
Rios-Lago et al, 2007; Hashimoto et al, 2006; Demakis, 2004; Stuss et al., 2001;
Keys & White, 2000; Rasmusson et al, 1998; Ylikoski et al, 1993]. In addition,
within older adults Trails B found to be performed slower compared to Trails A
[Sofko et al, 2014; Mrazik, Millis & Drane, 2010; Rasmusson et al, 1998]. This may
be because Trails B is more complex (switching between numbers and letters), which
requires greater cognitive flexibility and processing resources than that required
during Trails A (connecting numbers only), as well as a greater range and depth of

operations [Haworth et al, 2016].

In contrast, not all findings supported slowing in increased age [Boll & Reitan, 1973]
or significant slowing found for Trails A as well as Trails B in ageing [Rasmusson et
al, 1998]. Therefore outcome variability occurs between studies (even supporting
studies) which may reflect differences between methodologies. For example some
studies excluded a young adult group to compare with their older adult control group
[Cangoz et al; 2009; Rasmusson et al, 1998].
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This may result in an inaccurate representation of healthy ageing i.e. how
information processing speed in ageing is characterised. Previous TMT studies
include differences in sample sizes which may impact on how representative the
results may be i.e. smaller sample sizes may have meant that previous studies were
underpowered. Other differences include the use of different paradigms i.e. oral
versions [Mrazik et al, 2010] and differences between demographics i.e. education
level, IQ and nationality as well as differences in the inclusion and exclusion criteria.
Outcome variability may have an impact on how different study results are
interpreted and may impact which tests are useful in a clinical setting for an accurate

diagnosis i.e. comparing healthy ageing to MCI or dementia.

Past research measuring information processing speed using the TMT in MCI
and AD

The TMT is commonly used within a battery of neuropsychological tests in memory
clinics to measure attention-related information processing speed and executive
function as part of the diagnosis of MCI or AD. White matter integrity decreases in
ageing but is also found to disproportionally decrease in AD [Head et al, 2011;
Johnson, Barrow, Anderson et al, 2010; Damoiseaux et al, 2009; Huang & Auchus,
2007; Capizzano et al, 2004] in areas such as the left anterior temporal lobe
[Damoiseaux et al, 2009; Borroni, Brambati, Agosti, & et al., 2007] and the thalamus
[Terada et al., 2013] and white matter lesions are also apparent in AD [Burns,
Church, Johnson et al, 2005; Barber, Scheltens, Gholkar et al, 1999; O’Brien,
Desmond, Ames et al, 1996] in brain areas such as in the bilateral superior parietal

lobules [Shindo, Terada, Sato et al., 2013].

The areas of the brain described above are associated with the TMT fucntion
therefore therefore is would be assumed that information processing speed would be
disproportionately slow in AD compared to healthy ageing and indeed this has been
observed [Bezdicek et al, 2014; Terada et al., 2013; Shindo et al., 2013; Silveri et al,
2007; Johnstone et al, 2002; Kortte et al, 2002; Reitan, 1971]. Therefore, it is implied
that a good method for discriminating between AD and healthy ageing is measuring
levels of slowing of information processing speed during executive function i.e. the
TMT [Ashendorf, Jefferson, O’Connor et al, 2008; Chen et al, 2000]. However,
finding a significant difference of information processing speed between AD and
healthy ageing has been recognised to depend on which sub-test of the TMT was
being performed (Trails A or Trails B).
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Significant differences between AD and healthy ageing were found more frequently
during Trails B compared to Trails A [Bezdicek et al, 2014; Terada et al, 2013;
Silveri et al, 2007; Johnstone et al, 2002]. Therefore outcome variability can occur
between conditions within the TMT (although majority of these previous tests only
tested Trails B) as well as between studies which may relate to differences in test
protocol (how the test was conducted), whether other factors were considered (i.e.
sex and education), small and unequal sample sizes (not generalizable), or the

interpretation of results.

MCI has been documented for some people as a stage before the development
dementia such as AD and within MCI pathology a decrease of white matter is also
prominent [Liu, Wang, Shu et al, 2016; Zhuang, Wen, Zhu et al, 2010; Rogalski et
al, 2009; Huang & Auchus, 2007]. In addition, areas associated with the TMT i.e.
prefrontal cortex have found to have a significantly lower level of white matter
during MCI [Pa, Possin & Wilson, 2010; Chao, Pa, Duarte et al, 2009; Whitwell,
Petersen, Negash et al, 2007]. Therefore studies have found disproportionately
slower information processing speed in MCI patients compared to healthy ageing
during the TMT [Pa et al, 2010; Chao et al, 2009; Whitwell et al, 2007; Salthouse &
Fristoe, 1995; Breteler, van Amerongen et al., 1994]. However this has not always
been supported [Baudic, Dalla Barba et al., 2006] thus highlighting the variability of
results when measuring information processing speed in MCI. Again, contradictory
results between TMT studies of MCI may relate to methodological differences 1.e.

interpretation of results, sample sizes and test procedure.

Slowing of TMT performance (information processing speed) has also been found in
amnesic mild cognitive impairment (aMCI) [Bezdicek et al, 2014; Silveri et al, 2007]
although Haworth and colleagues [2016] found that Trails A failed to significantly
differentiate between aMCI and healthy ageing unlike Trails B, suggesting that the
cognitive processes required during Trails A remain intact if healthy ageing declines
to a diagnosis of aMCI. This implies that even between sub tests results may vary
and both Trails A and B are not necessarily required for a diagnosis of aMCI. In
clinics it is typically standard procedure to use both Trails A and B although this may
not be required to find differences in ageing and between healthy ageing and MCI or

AD (particularly the Trails A).
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The conclusion drawn by Haworth and colleagues (as discussed above) was that as
the clinical TMT uses only one trial, it may not be sufficient enough to make
comparisons of RT between healthy and pathological ageing. In the same study they
examined a multiple trial research test of visual search and both conditions found
significant difference of RT between aMCI patients and healthy controls thus argued
to have produced more sensitive results. This questions whether clinically we should
be using research tests rather than the TMT if the visual search appears to be a better
test. It may be necessary to raise awareness to clinicians as to what is being found in
research studies as to which RT tests may be more sensitive to the effects of ageing
or best distinguish between healthy and pathological ageing. However, possible
discrepancies between research and clinical tests have not been examined RT in
relation to healthy ageing i.e. comparing RT between young adults and older adults
as well as potential effects of different person-related factors on information
processing speed. Therefore the current study examined RT between young and older
adults and the potential effects of different factors (sex and education subjective
memory function and perceived test difficulty) using the TMT, and compared
findings with the results of a visual search test to determine whether effects of RT in

ageing are similar across research and clinical tests.
Subjective cognitive impairment, subjective memory function and TMT

Information processing speed during TMT has been demonstrated to slow in MCI
and AD compared to healthy ageing [Shindo et al, 2013; Ashendorf et al, 2008;
Salthouse & Fristoe, 1995; Breteler et al, 1994]. Therefore we speculate that similar
effects occur on information processing speed during earlier stages before an MCI
diagnosis i.e. in Subjective Cognitive Impairment (SCI) or in subjective memory
function, referring to older adults perceiving change to memory function but have not

visited their GP (as focused on in this thesis).

Older adults used in research versions of the TMT (i.e. control groups in MCI and
AD studies) are recruited from the local community and are considered to display
‘normal’ levels of information processing speed. However some individuals may be
exhibiting SCI or (as discussed in introduction to this thesis) some, if not all, of older
adults in a control group may be perceiving changes to their memory function yet

have not visited a GP about them (subjective memory function).
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Irrespective of aetiology, SCI or subjective memory function may influence
information processing and its speed i.e. disproportionate slowing thus affect RT
results of ostensibly healthy ageing thus these individuals should not be used within

healthy older adult control groups.

Clinical SCI has failed to have an influence on TMT performance (information
processing speed) of an elderly sample [Minett, da Silva, Ortiz et al, 2008] although
as far as we are aware, there are no other TMT studies which have examined SCI in
relation to TMT performance. In addition previous studies have not examined RT
performance during the TMT in relation to subjective memory function in the
general population. We previously found in a visual search test (chapter 2 of this
thesis) that subjective memory function did not appear to influence information
processing speed in older adults. However these results may differ depending on the
type of attention test used. Therefore the aim of the current study was to determine
whether subjective memory function is associated with RT in Trails A and Trails B.
In addition results between attention tests may differ depending on whether test is
clinical or research based (i.e. one trial or multiple trial issue) thus the results of this
clinical TMT study were compared to the results of the research visual search
(Chapter 2) to determine whether the effects of subjective memory function on RT
were similar for a one trial clinical test compared to a multi trial research test. A
further aim was to examine how subjective memory function is characterised by

slowing in TMT 1n an attempt to better characterise SCI.

Summary

Information processing speed has been demonstrated to slow during the TMT during
ageing, MCI and AD in earlier stages such as SCI. However age effects have not
always been found [Haworth et al, 2016; Minett et al, 2008; Boll & Reitan, 1973]
due to the variability between TMT studies i.e. the type of test (use of TMT), small
participant sizes or failing to include young adults to measure ageing. However,
outcome variability may also relate to the influence of other person- related factors
on information processing speed i.e. sex, education or subjective memory function
and perceived test difficulty (as described in further detail in the sections below)

therefore in this study the aim is to address these issues.
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Person related factors in the TMT
Sex

TMT studies have not always included sex (male/female) as a potential influence on
information processing speed either because it has not been considered or has been
dismissed as a contributing factor. Some TMT studies which have included looking
at the potential effect of sex found faster information processing speed in males
compared to females during the TMT [Foroozandeh 2014; Cangoz et al, 2009]
although sometimes only in Trails A [Giovagnoli et al, 1996] or only in Trails B
[Foroozandeh 2014]. The difference between males and females (particularly for
Trails B) is implied to relate to males being more efficient at attentional shifting,
flexible mental processing and motor speed (particularly required during Trail B) due

to hormone levels i.e. testosterone associated with better cognitive performance

[Muller et al, 2005; Cherrier et al, 2001].

In contrast, Protek and colleagues [2014] found females to be faster than males
during the TMT implied to be as a result of females being better at sustaining their
attention during the test. In addition some studies have not found sex to be influential
on information processing speed in both Trails A and B [Haworth et al, 2016;
Bezdicek et al, 2012; Ashendorf et al, 2008; Tombaugh, 2004; Waldmann, Dickson,
Monahan et al, 1992] which has also been argued to be test dependent [Haworth et
al, 2016]. Outcome variability between TMT tests may highlight that the influence of
sex on study outcome (i.e. RT) may be test dependent. Studies finding sex effects
imply that if slowing of information processing speed is dependent on sex and not
considered as a factor, research results may be misinterpreted thus may impact how
the test should be used in clinical settings. Therefore, in this research version of the
TMT study, sex is examined as a potential factor influencing information processing
speed to determine whether which may also be examined during clinical use of the

TMT.
Education

There is evidence that TMT performance (information processing speed) can be
influenced by the level of education [Ptotek et al, 2014; Cangoz, et al, 2009] in both
young and older adults [Hamdan et al 2009; Tombaugh, 2004; Amodio, Wenin, Del
Piccolo et al., 2002] with higher levels of education associated with faster
information processing speed [Palsson, 2013; Bezdicek et al, 2012; Hamdan et al
2009; Tombaugh, 2004].
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As with sex, if education has an influence on information processing speed and not
considered as a factor, this may lead to misinterpreting differences between healthy
control groups and MCI and dementia i.e. not properly characterizing TMT in
relation to ageing. However, some TMT studies found no effect of education on
information processing speed [Hashimoto et al, 2006] or the effect of education only
influenced information processing speed in Trails B [Hashimoto et al., 2006;
Tombaugh, 2004]. This highlights outcome variability between studies and even in
sub-tests which has been argued to dependent on the study i.e. scoring methods, type
of analysis and the interpretation of errors [as argued by Haworth et al, 2016] or
number of participants [Bezdicek et al, 2012]. Therefore, this TMT study also

examines education as a potential factor influencing information processing speed.

Perceived Test Difficulty

While performing an RT task, individuals may hold different perceptions about their
own abilities or demands of the test itself which, as a result, may have an effect on
how quickly the test is completed (discussed in more detail in the introduction to this
thesis). In TMT studies it has been found that perception of visual acuity is
associated with slowed information processing speed [Setti, Loughman, Savva &
Kenny, 2015; Bolmont et al, 2000] however this factor has not been examined in

great detail in RT and ageing studies.

In the current study the psychological factor measured was the perceived difficulty of
the TMT test with the assumption that if an individual perceives a test to be more
difficult, this may have a negative effect on information processing speed i.e. slower
RT. Any affects on RT were examined in young and older adults as well as any
interactions with other factors (education and subjective memory function) to
determine whether perceived test difficulty may be associated with additional factors

other than age which may consequently effect information processing speed.

The results may help determine whether this factor should be taken into account in
research studies using the TMT thus examined in clinical uses of the TMT. In
addition, the results were compared the of visual search test from the previous
chapter (Chapter 2) to determine whether research tests may be better to use in

clinical setting.
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3.2. METHODOLOGY

Participants

Swansea university students (n= 81; age 18-26 years; 30 males: 51 females) were
recruited through the Psychology department credit system and through advertising
around the university and social network. Community-dwelling older adults (n= 87;
age 50-80 years; 33 males: 54 females) were recruited through advertisements given
out to older adult social clubs and local papers in Swansea, through email, word of
mouth and via a volunteer database of older adults set up by the Swansea Psychology
Department. Ethical approval was provided by the Swansea University Psychology
departmental ethics committee and the study conducted to the principles in the

Declaration of Helsinki. Formal written consent was obtained from each participant.

Inclusion & exclusion criteria

Participants reported to be in good general health, had no any history of serious head
injury, serious cognitive, visual or neurological impairments, colour blindness or
have any condition which might be affected by flashing images on a screen, although
medication could not be controlled for. All participants were requested to bring any
corrective lenses they require for reading and computer work. Participants’ overall
cognition score (‘normal’ score being 26 or above) was measured using the Montreal
Cognitive Assessment (MoCA) [Nasreddine et al, 2005]'. Both young and older
adults and had no significant levels of depression or anxiety as measured by the
Patient Health Questionnaire (PHQ-9) [Kroenke et al, 2001] (score of 9 and below)
and the Generalized Anxiety Disorder 7-item (GAD-7) [Lowe et al, 2008] (score of 5
and below). For older adults, subjective memory function was measured using the
Memory Functioning Questionnaire (MFQ) [Gilewski et al, 1990] (higher scores
equal to perceiving less change to memory function). Age, sex and years of full time

education were also recorded.

! Note that the scores of the majority of participants were within the normal value of 26 or above.
However for 15 young and 16 older adult participants the score was lower than 26. These were
included because we were interested in a range of MoCa scores and whether the score has in
influence on RT or lIV.
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Stimuli

The first practice (Trails A) contained numbered circles from one to eight in a
random order across the paper. The testing sheet contained 25 numbered circles
distributed around the page (see Figure 8). In Trails B, the practice sheet contained 8

circles, four with numbers 1-4 and four with letters A-D.

They were positioned across the page alternating between numbers and letter in order
i.e. 1-A, 2-B. For the testing the same format on the paper but with the number 1-12
and letters A-L distributed across the sheet (see Figure 8). A stopwatch was used to

time each participant.

Procedure

Participants were firstly given the practice Trails A by the researcher where they
were asked to draw a continuous line connecting the numbered circles in numerical
order. Once this was completed they were given the testing sheet with the instruction
that they were to do the same task but this time as quickly and as accurately as
possible as it would be timed. A timer was started by the researcher as soon as they
began drawing and stopped as soon and the pen was taken off the last number to be
connected. Participants were then given the Trails B practice sheet with the
instruction to daw one continuous line but to alternate between numbers then letters.
Once participants stated verbally that they fully understood the test, the longer test
version was given and participants went through the same timed procedure as

previously carried out with Trails A.

Any errors made during testing could be corrected at the time by back tracking and
re-drawing the line through the numbers or letters. Participants were given small
prompts if they became stuck (i.e. repeating the numbers and letters they had already
connected in order to prompt the next number or letter in the sequence) but it was
essentially up to the participant to complete the test and not to be completed for
them. Few participants required more than one prompt and prompt was usually near

the end of the test.
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Data cleaning

For any trial from Trails A or B which was drawn incorrectly and not corrected by
the participant by the end of the testing i.e. could not be completed correctly, the pair
was initially eliminated from analysis. 10 young adults were eliminated leaving 71

participants and 6 older adults were eliminated leaving 81 overall.

Information processing speed (RT) was provided in seconds and for each age group
(older and young adults) the mean, standard deviation and inter-quartile range (IIV)
was calculated. In response to the non-normal distribution of the data (see Table 6)
SPSS non parametric analysis was conducted in accordance with common practice.
Factors i.e. sex and education, subjective memory function and perceived test
difficulty were grouped into separate families for analysis. The RT and IIV and
attention effects were different data sets and thus did not require Bonferroni

correction for multiple analyses.

Table 6. Normality of Distribution (Shapiro Wilkes test)2

Older adults Young adults
statistic df Sig. statistic df Sig.
Trails A 927 81 .000 .933 71 .001
Trails B .894 81 .000 .932 71 .001

> Note: data classified as a non-normal due to the positively skewed distribution of the data and in
some cases bimodal distributions. There is a natural limit to the data i.e. how fast RT can be.
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3.3. RESULTS

Demographics

Mann-Whitney analysis revealed depression level was significantly greater for young

adults compared to older adults [U = 1763.5, p < .001, effect size (r) = .33] and

anxiety level was significantly greater for young adults compared to older adults [U

= 1809.5, p <.001, effect size (r) = .32]. There was no significant difference between

young and older adults in mean MoCA score or mean years of education [p > .05].

Table 7: Mean demographic scores for the older adult and younger adult groups.

Standard deviation in parenthesis.

Age | Education | MoCA | MFQ | PHQ-9 | GAD-7
(years) (years) (score) | (score) | (score) | (score)
All 20
Young (1.7) 15@3.2) |27 .0 _ 6.5 | 4@3.8
Adults )
Young 71
Male (2.0) 152.9) |272.2) _ 7(05.8) | 444
(n=25) '
Young 20
Female (1.3) 14 (3.3) [ 27(1.8) _ 6(3.8) | 4(3.2)
(n=46) ’
All
65 295
Older 16 (4.8) [27(2.2) 3(3.1) | 2@2.8)
Adults (5.5) (49.1)
Older
65 292
Male 17 (5.8) |26(2.3) 33.1) | 2@3B.2
(n=31) (5.9) (44.0)
Older
64 297
Female 15(3.7) |28(2.0) 33.2) | 2@2.5)
(n= 50) (5.3) (52.4)

MoCA, Montreal Cognitive Assessment; MFQ, Memory Functioning Questionnaire; PHQ-9,

Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 8: Mean information processing speed and mean perceived test difficulty of

Trails A and Trails B for both young and older adults who completed the TMT task.
Standard deviation in parenthesis.

Information processing Perceived Performance
Speed (Seconds) (Likert Scale)
Trails A Trails B Trails A Trails B
All
24.49 2(1.1) 3 (1.8)
Young 40.92 (8.5)
Adults (8.2) (Range 1-6) | (Range 1-7)
Young 22.94 2(0.7) 3(1.9)
Males (7.6) 42.270.7) (Range 1-3) | (Range 1-7)
Young 25.19 2 (1.3) 3(1.7)
Females (8.5) 40.35(7.5) (Range 1-6) | (Range 1-6)
All Older 29.05 3(1.6)
Adults (9.3) 434304 2(1.2) (Range 1-6)
(Range 1-6)
Older 29.93 2(1.3) 3(1.7)
Males (9.6) 44713 0.8) (Range 1-5) | (Range 1-6)
Older 28.57 2 (1.1) 3(1.7)
Females | (92) | 7?03 | Range 1-6) | (Range 1-6)
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Information Processing Speed

Age comparison: Information processing speed

Figure. 9: Box plot of mean information processing speed (secs) between Trails A
and B in young adults and older adults. Note the presence of outliers in the
performance of this task.
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As displayed in Figure 9, at group level, older adults were slower compared to young
adults over both Trails A and Trails B and information processing speed was slower

for both groups in Trails B compared to Trails A.

Mann Whitney analysis revealed a statistically significant difference of reaction time
between Trails A and Trails B; Trails B was performed significantly slower
compared to Trails A in young adults [U = 379.5, p < .001, effect size r = .73] and
older adults [U = 570, p <.001, effect size r = .69].
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Trails A information processing speed

For Trails A, Mann-Whitney analysis revealed a statistically significant difference of
reaction time between young and older adults; young adults were faster in their
reaction time performance compared to older adults [ U = 1991.5, p = .001, effect

size r = .20].

Trails B information processing speed

For Trails B, Mann-Whitney analysis revealed a statistically significant difference of
reaction time between young and older adults; young adults were faster in their
reaction time performance compared to older adults [ U = 1962.5, p = .001, effect

sizer =.27].

Information processing speed and subjective memory function

In a novel approach, the information processing speed for each target condition and
the distracter effect was examined with respect to subjective memory function in the
older adult group. Correlational analysis using Spearman’s rho revealed no
significant correlation between information processing speed and total MFQ score

(subjective memory function) for either Trails A or Trails B [both p values > .05].

Information processing speed and perceived test difficulty

In another novel approach the information processing speed for both Trails A and
Trails B was examined with respect to how difficult the participant reported the task
to be. Correlational analysis using Spearman’s rho revealed that for young adults,
information processing speed did not significantly correlate with perceived test

difficulty for Trails A and Trails B [both p values > .05].

For older adults, information processing speed was significantly positively correlated
with perceived test difficulty for Trails B; as perceived difficulty increased reaction
time also increased (i.e. slower performance) [r = .293, p = .008]. Information
processing speed did not significantly correlate with perceived test difficulty for

Trails A [p > .05].
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Information processing speed and education level

Education was matched across both groups and for males and females as closely as
possible making the educational level similar for both age groups. However a slight
range in years of education was included which produced slight variability in results
which is why the effects of education are examined. In both young and older adults,
information processing speed did not significantly correlate with educational level

for both Trails A and Trails B [p values > .05].

Sex comparison: Information Processing Speed in males and females

Figure. 10: Box plot of mean information processing speed (seconds) between males

and females for both young and older adults in Trails A & B.
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Mann-Whitney analysis revealed no significant difference of information processing
speed between males and females in young adults [p > .05] and in older adults

[p > .05] (see Figure 10).
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Trails B

There was no significant difference of information processing speed between males

and females in young adults [p > .05] and in older adults [p > .05].

Information processing speed, anxiety and depression levels

In young adults information processing speed did not significantly correlate with
anxiety or depression levels for both Trails A and B [all p values > .05]. In older
adults information processing speed did not significantly correlate with anxiety or

depression levels for both Trails A and B [all p values > .05].

Information processing speed and objective cognitive performance (MoCA)

In both young and older adults, there was no significant correlation between
information processing speed and MoCA score (objective measure of general

cognition) for Trails A [p > .05] or Trails B [p > .05]

Subjective memory function and perceived test difficulty

In older adults, subjective memory function (total MFQ score) was significantly
negatively correlated with perceived task difficulty for Trails A [r =-.275, p = .013]
and for Trails B [r = -.334, p = .002]: the higher the total MFQ score (i.e. less
perceived change of memory function) the easier Trails A or Trails B was perceived

to have been.

Education and perceived test difficulty

For young adults, educational level did not significantly correlate with perceived test
difficulty of both Trails A and Trails B [both p values > .05]. In older adults,
education level was significantly positively correlated with perceived test difficulty
of Trails A; the greater the level of education (years), the harder Tails A was
perceived to be [r =.238, p = .033] despite information processing speed not
correlating with perceived test difficulty. However there was no significant

correlation between education and the perceived difficulty of Trails B [p > .05].
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Perceived test difficulty and objective cognitive performance (MoCA)

In young adults there was no significant correlation between perceived test difficulty
and MoCA score; how difficult the test was perceived to be did not relate to the

overall quality of general cognition for Trails A [p > .05] or Trails B [p > .05].

In older adults perceived test difficulty significantly negatively correlated with
MoCA for Trails A; perceiving Trails A to be more difficult related to having poorer
general cognition [r = -.245, p = .027] but not for Trails B [p > .05].

Subjective memory function and education level

For older adults, educational level was significantly negatively correlated with
subjective memory function (total MFQ score), i.e., lower levels of education were
related to increase in MFQ score i.e. less perceived change of memory function [r = -

238, p=.032].

Anxiety and depression levels

Anxiety levels significantly positively correlated with depression levels in young
adults [r =.778, p <.001] and older adults [r =.601, p <.001]. As anxiety levels
increased so did depression levels. In young adults, depression levels significantly
negatively correlated with MoCA score; higher levels of depression related to having
poorer general cognition [r = -.227, p = .042]. In older adults depression levels
significantly negatively correlated with subjective memory function (total MFQ
score); in older adults perceiving fewer changes to memory function, depression

levels were lower [r =-.253, p = .047].
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3. 4. DISCUSSION

This chapter examined the integrity of information processing speed and IIV between
young and older adults and the potential effects of educational level and sex,
subjective memory function and perceived test difficulty using a typical clinical test;
the Trail Making Test (TMT). The TMT has also been used in previous research to
compare attention-related information processing speed between healthy ageing,

MCI and AD.

Information processing speed
Age comparison in information processing speed

Trails B was performed more slowly compared to Trails A in both young and older
adults. This supports past evidence that Trails B produces slower information
processing speed compared to Trails A [Sofko et al, 2014; Rasmusson et al, 1998].
Trails B is a more complex task compared to Trails A; as well as visual search, motor
speed and numeric sequencing required during Trails A, Trails B requires switching
between two separate sequences (consecutive numbers and consecutive letters). This
required greater cognitive flexibility and producing larger amount of information. As
a result greater processing load is required which outs greater strain on cognitive
resources thus information processing speed significantly slows [Haworth et al,

2016].

When comparing age groups, older adults were significantly slower compared to
young adults in both Trails A and Trails B (similar effect sizes) thus supports some
previous research that ageing effects occur within both conditions of the TMT
[Ashendorf et al, 2008; Chen et al, 2000]. This suggests older adults have poorer
executive function compared to young adults i.e. number recognition, number
sequencing visual search, switching attention, and motor speed. This result supports
previous TMT studies comparing age groups that information processing speed
slows during ageing [Ferreira, Molina, Machado et al 2014; Hagen, 2014; Plotek et
al, 2014; Hashimoto et al., 2006; Demakis, 2004; Drane, Yuspeh, Huthwaite et al,
2002; Stuss et al, 2001; Keys & White, 2000] Slowing of information processing
speed in older adults further supports previous findings of impaired performance of

executive function required during TMT [Cook et al, 2004; Keys & White, 2000].
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This slowing has been argued to relate to a decrease in white matter occurring during
ageing and in areas of the brain associated with the TMT [Perry et al, 2009;
Damoiseaux et al, 2009; Bucur et al, 2008; Demakis, 2004; Stuss et al, 2001]

although brain scans were not available in the current study to support this.

The current results contradict past TMT studies which found no effect of age on
information processing speed [Rasmusson et al, 1998; Boll & Reitan, 1973] or
finding younger adults displaying slower reaction times compared to older adults
[Hamdan & Hamdan, 2009]. This may highlight variability of outcome between
studies due to, for example, different proportions of young and older adults, and

smaller sample sizes which may result in the sample being underpowered.

It has been found in some TMT studies that slowing of information processing speed
and executive function can be influenced by anxiety and depression [Emerson et al,
2005; Naismith et al, 2003; Barker et al, 1994] thus may explain differences in RT
between young and older adults if one age group is more anxious or depressed than
the other. In addition, in young adults higher levels of depression were associated
with poorer general cognition (objective measure) which may relate to slower
information processing speed. However, RT performance for both young and older
adults did not relate to levels of anxiety and depression (levels were low) and young
adults general cognition (MoCA score) was within normal healthy levels (the
relationship was only just significant). Therefore this implies that slowing of RT is

associated with increased age.

It must be noted that when comparing RT between young and older adults, effect
sizes were small thus the result may not be very robust. In comparison, the effect
sizes of the visual search were large which may suggest that the visual research
produces more significant results for the difference of RT in ageing. Therefore in
relation to clinical uses of RT tests, it may be more advantageous use multi trial

research tests (i.e. visual search) compared to single trial clinical tests (i.e. TMT).

Subjective memory function and information processing speed in older adults

There was no correlation between information processing speed and subjective
memory function for both Trails A and Trails B. Whether or not older adults
perceived changes to their memory, this did not appear to influence information

processing speed for either Trails A or B.
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These results support Minett and colleagues [2008] who found no association
between subjective feelings and TMT performance although this was in clinical SCI
and not subjective memory function as measured in this study. In addition the work

of Minett et al is only one study to compare the current results with.

A lack of an association between subjective memory function and RT in the current
research TMT study may help understand which factors should also be considered
when using TMT as a measure of RT in clinical settings. Subjective memory
function i.e. perceived changes of memory function in the general population may
not be an important factor to consider when using the TMT in clinics to measure
information processing speed in healthy ageing to compare with pathological ageing
i.e. MCI or dementia. The research test of visual search also found no association
between RT and subjective memory function. This implies that in relation to the
effects of subjective memory function there appears to be no difference between a

single trial clinical test (TMT) or a multiple trial research test (visual search).

As aresult of finding no relationship between subjective memory function and
information processing speed, we speculate that in individuals taken from the general
population, information processing speed in during the TMT remains at ‘normal’
levels despite some of these individuals perceiving problems with their cognition.
Since there is a close relationship between information processing speed and
structural change i.e. reduced white matter, we speculate that any slowing of
information processing speed or any perceived changes to memory function is
unlikely to relate to detrimental structural change. In addition since there is an
association between MCI or AD and slowed information processing speed, a lack of
a relationship between perceived memory function and information processing speed
is unlikely to indicate a neuro-degenerative basis for these complaints especially
since the majority of participants in this study reported subjective memory changes
performed to ‘normal’ levels in objective testing (MoCA score) [as discussed in
Torrens-Burton et al, 2017]. However there were a minority of older adults with
lower MoCA scores which may imply abnormality with general cognition although

we only used one test of general cognition thus further assessment is required.

Finding no relationship between subjective memory function and may not be helpful
for the further characterization of SCI if indeed the effects on RT are similar between

the two (see introduction to this thesis for further discussion).
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However, we did not have access to brain scans thus cannot determine any structural

change in these older adults.

In addition, we were unable to follow up these older adults for further assessment
thus it cannot be said whether those with perceived changes to memory function
indeed decline further. We also did not include detailed measures of memory which
may have validated any perceived changes to memory function older adults may

have had.

Some previous research associated subjective memory complaints (albeit clinical SCI
and not subjective memory function) with high levels of anxiety and depression
rather than structural change [Caselli, et al, 2014; Montejo et al, 2011]. However, in
both young and older adults there was no relationship between RT and depression or
anxiety levels. Therefore, anxiety and depression levels did not appear to relate to
how poor some older adults perceived their memory function to be. This may relate
to the levels of anxiety and depression levels being low, possibly because those older
adults perceiving poor memory function were not too anxious or depressed as a
result. For some older adults this may have been the first time they had contemplated
any changes to their memory function thus not displaying any underlying anxiety to
affect RT. In addition, since subjective memory function was measured after the
TMT was completed, any possible concern with memory would not have had an

effect on RT performance.

There were some older adults producing RT values which were significantly slower
than the mean score. These outliers differed from the extreme scores removed before
analysis as they did not relate to any extraneous noise. Two older adults produced
significantly slow RT scores and a low MFQ score (greater perceived changes to
memory function). This may suggest that their perception of memory function
reflects their actual RT performance i.e. poorer memory function thus poorer
performance (slower information processing speed). In contrast the other
significantly slow RT scores were in older adults who perceived little changes to
memory function thus highlighting individual differences between participants. This
may imply disproportionate slowing regardless of subjective memory function
measure which may be reflecting underlying structural change. If this is the case,
these individuals cannot be used within healthy control groups as they may be
skewing the mean result of what is considered to be a ‘normal’ level of slowing in

healthy older adults during the TMT.
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Consequently, results of healthy control groups in TMT may be misinterpreted.
Further assessment and follow up in these particular individuals will be of interest to

observe whether these individuals are of clinical significance.

The current results imply that subjective memory function does effect underlying
cognitive function in the TMT although there is the possibility that finding no
relationship between information processing speed and subjective memory function
is due to the TMT task itself not being sensitive enough to detect any functional
changes between older adults form the general population despite them perceiving

changes to their memory.

Perceived test difficulty and information processing speed

In young adults information processing speed did not significantly correlate with
perceived test difficulty for Trails A and Trails B. How difficult young adults
perceived either Trails A or Trails B to be did not reflect how quickly they performed
each task. Therefore we speculate that this particular example of self-assessment
does not influence information processing speed in young adults during TMT thus it
may be beneficial to measure other psychological factors i.e. self perception of

abilities to observe any potential effects they may have on RT.

In contrast, in older adults, perceived test difficulty significantly correlated with
information processing speed for Trails B. Older adults perceiving Trails B to be
more difficult performed more slowly compared to those perceiving the test to be
easy. This result implies that, the judgement of test difficulty is related to the nature
of the test (i.e. the complexity of conditions) and related to actual performance. In
addition since there was no relationship found between subjective memory function
and RT, older adults’ self assessment of test demands may be having an effect on
slowing information processing speed and not the result of underlying cognitive
dysfunction. This supports a previous finding that previously that self-reporting is
associated with poor TMT performance [Setti et al, 2015] (although the self-
reporting measure related to visual acuity and not perceived test difficulty and this is

only one study to compare the current results with).
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A study by Torrens-Burton and colleagues [2017] also examined perceived test
difficulty and RT in TMT and found no correlation between perceived test difficulty
and RT in Trails A but a significant positive correlation in Trails B i.e. perceiving the
test to be more difficult related to slower information processing speed. This study

also concluded that judgement of test difficulty is related to the nature of the test.

Perceived test difficulty had an influence on older adult information processing speed
thus we can speculate that other psychological factors may also influence
information processing speed. This factor appeared to effect young and older adults
differently which may affect how differences in information processing speed during
the TMT are interpreted throughout ageing. Reasons for why perceived test difficulty
differed between young and old may relate to factors such as personality differences,
occupation, hand dexterity or mood however these factors were not measured in the
current study thus need to be examined in greater detail in future studies. Judgement
of test difficulty may also depend on individual differences between older adults
such as the level of education 1.e. levels of education may influence how demanding
the test is perceived to be. This relationship between perceived test difficulty and
education is examined in a later section. An association between perceived test
difficulty and RT in the current research TMT study may further help understand
how RT should be measured in clinical settings i.e. perceived test difficulty should

be taken into account if measuring RT in healthy older adults.

The research test of visual search also found an association between RT and
perceived test difficulty which was also dependent of the condition within the test
(see Chapter 2). This implies that in relation to the effects of perceived test difficulty
there appears to be no difference between a single trial clinical test (TMT) or a

multiple trial research test (visual search).

Education and information processing speed

In both older and young adults, there was no significant effect of education on
information processing speed performance in Trails A and Trails B. This supports
previous TMT studies finding no influence of education on information processing
speed in older adults and young adults [Hashimoto et al, 2006; Seo, Lee, Kim et al,
2006; Tombaugh, 2004].
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The current results are however in contrast to previous TMT studies finding an
influence of education with higher levels of education associated with faster
information processing speed [Ptotek et al, 2014; Palsson, 2013; Bezdicek et al,
2012; Cangoz, et al, 2009; Hamdan et al 2009; Tombaugh, 2004] in both young and
older adults [Hamdan et al 2009; Tombaugh, 2004; Amodio, Wenin, Del Piccolo et
al., 2002].

This outcome variability may reflect differences in the way previous TMT studies
were conducted compared to the current study. Not all TMT studies have included
young adults to compare with older adult information processing speed [Bezdicek et
al, 2014; Palsson, 2013; Tombaugh, 2004; Waldermann et al, 1992] or age ranges
have differed or not been separated [Plotek et al, 2014; Palsson et al, 2013]. In
addition the range of education was relatively narrow in the current study compared
to ranges used in previous studies [Bezicek et al, 2014; Plotek et al, 2014; Hamdan et
al, 2009’ Tombough, 2004]. These differences make it difficult to compare education

effects on information processing speed in ageing between studies.

Not finding a relationship of education with RT in the current TMT study may relate
to the range of education (in years) in the current study being relatively too narrow to
find a correlation of education level on information processing speed in young and
older adults. In young adults this narrow range may relate to all young adults being
university students (considered as a previous limitation [Tombaugh, 2004]) and in
older adults, this may relate to the older adults participating in the study being of a
particular level of education. This may imply that the TMT is not sensitive enough to
find an effect of education within this educational range in comparison to other
attentional tests as interestingly, there was an influence of education on information
processing speed for older adults found in visual search despite this narrow
educational range (see previous chapter). This is interesting as although participants
groups in this test were different than the visual search in previous chapter the

demographics were similar i.e. similar education range.
Sex and information processing speed

There was no significant effect of sex on information processing speed in both Trails
A and Trails B and for both young adults and older adults. This supports previous
TMT studies who found no influence of sex on information processing speed in older
adults [Haworth et al, 2016; Bezdicek et al, 2012; Ashendorf et al, 2008] and young
adults [Palsson, 2013; Tombaugh, 2004; Waldmann et al, 1992].
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In contrast other TMT studies found a sex effect in older adults during Trails A [Seo
et al, 2006] or in both A & B with males to produce faster reaction times [ Cangoz et

al, 2009; Dodrill, 1979].

Mixed results of sex effects between TMT studies including the results of the current
study (and between Trails A and B) may have related to methodological differences
between studies i.e. no inclusion of young adults [Palsson, 2013; Tombaugh, 2004;
Waldermann et al, 1992] and smaller sample sizes in previous studies [Tombaugh,
2004; Ashendorf et al, 2008]. It may also related to including different sample
characteristics i.e. IQ, socioeconomic status, sleeping patterns [Wright et al, 2016] or
greater range of education [Ashendorf et al, 2008] which were not included in the

current TMT thus a limitation of the current study.

The current results also differ to the visual search in the previous chapter. A sex
effect was found in young adults during visual search with males being faster than
females however the same was not found in the young adults during the TMT study.
It must be highlighted that both tests contained different participants despite their
demographics being similar which may relate to why outcome variability of sex
effects between visual search and TMT. A relationship between sex and RT may also
depend on the type of test used hence why we aim to examine the influence of sex
between different attention tests to see if effects differ between tests. These sex
effects may have varied between the visual search and the TMT due to the way both
tests were conducted. The visual search was a research test containing multiple trials
whereas the TMT was a simple pen and paper test of a single trial. Multi trial tests
such as the visual search may relate to an increase of complexity when performing
the test thus may explain why differences where found between males and females
although this was only observed in young adults. Therefore when measuring RT it
may be better to use research tests such as the visual search rather than clinical tests

such as the TMT.

Subjective memory function and perceived test difficulty

In older adults, subjective memory function correlated with perceived test difficulty
for both Trails A and Trails B. As older adults perceived greater changes to their
memory (low MFQ score) the more difficult both Trails A and Trails B were

perceived to be.
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This supports our speculation that if older adults believe their cognition to be poor,
they would assume that tests will be more difficult to perform as a result as poor
cognition will impair the ability to perform a cognitive task well enough. It must be
noted that the relationship between subjective memory function and perceived test
difficulty produced a small effect size in trails A but a medium effect size in Trails B

which implies that the results of Trails B result are more robust thus more reliable.

As far as we are aware, subjective memory function has not been correlated or
examined with perceived test difficulty in previous TMT studies. Therefore further
examination is required to compare subjective memory function with perceived test
difficulty as well as other psychological factors, in order to compare results with the
current study. Further examination is required why psychological factors i.e.
perceived test difficulty (test demands) influences information processing speed in
older adults during the TMT but not subjective memory function. In addition further
examination is required to determine subjective judgement is more influential on
information processing speed in other aspects of attention thus in the current study
interactions between subjective memory function and perceived test difficulty are

examined in different attention tests.

Education and perceived test difficulty

In young adults there was no relationship between education and perceived test
difficulty. The number of years in education had no influence on how difficult young
adults perceived the TMT to be. This finding was also found in the visual search test
(see previous chapter) and may relate to the education range being too narrow to find
a relationship (since all young adults were university students). In addition, finding
no relationship of education in young adults may relate to finding no influence of
perceived test difficulty on information processing speed i.e. perceived test difficulty
is not an influential factor in young adults since we speculated perceived test

difficulty relates to education level.

In older adults, education significantly correlated with perceived test difficulty
although only during Trails A. Higher levels of education (in years) related to
perceiving Trails A to be more difficult. This result was also found in the visual
search test (see previous chapter) and supports our assumption that judgement of
TMT difficulty relates to the level of education although not in the direction we
anticipated.
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We assumed high levels of education may help to mentally switch between numbers
and letters during the TMT (i.e. greater practice of cognitive flexibility) thus the

TMT would be considered easy to perform.

In addition we assumed Trails B would have been considered more difficult due to
having to switch between two sequences and since only in Trails B was there was a
negative relationship between perceived test difficulty and RT. Instead, perceived
test difficulty was high in older adult with higher levels of education and this was
only observed in Trails A. Therefore, we speculated that older adult were unfamiliar
with the task thus were judgemental about the TMT (particularly Trails A) thus
assuming the test to be more difficult that it was. Alternatively older adults
perceiving Trails A to be difficult may have been justified as these individuals were
related to having poorer general cognition (i.e. having a lower MoCA score).
However it must be noted that overall cognition was still within the ‘normal’ range
for healthy ageing and effect sizes was low implying the relationship was not so

robust or meaningful.

It must be noted that the effect size of the significant result of Trails A was small
therefore the findings may not be robust enough to be reliable. As far as we are
aware there are few, if any, TMT studies which have examined education against
perceived test difficulty. Therefore further research is required to examine whether
other psychological factors other than perceived test difficulty relate to the level of
education in older adults and whether similar findings occur across different visual

attention tests.

Education level and subjective memory function

In older adults, educational level significantly correlated with subjective memory
function. Lower levels of education related to fewer perceptions of change to
memory function. Therefore, older adults with higher levels of education are likely to
perceive their memory is getting worse. As far as we are aware, education and
subjective memory function have not been compared previous during the TMT thus
the result in the current study cannot be compared to previous TMT studies. The
result may suggest that older adults with higher education are detrimentally

judgemental about their memory function.
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In contrast, it may suggest that older adults with higher education are possibly more
aware or have greater understanding of the quality of their memory function.
However, a limitation of this study is that did not include specific memory tests but
just a general score of overall cognition (MoCA score). If specific memory tests were
included this may have provided more information on their actual memory function

thus we may have found different relationships with subjective memory function.

A similar relationship had also been found between education and perceived test
difficulty. It was speculated that subjective memory function is also a psychological
factor i.e. type of self assessment (of memory function) [as discussed above]. This
may provide an explanation as to why a relationship was also found between
educational level and subjective memory function i.e. psychological self-assessment
relates to educational level. It is interesting that education had an effect on
subjective memory function but not on information processing speed. This suggests
that in the TMT, education has an influence on what older adults think about their
memory function (and in addition, how demanding they perceive the TMT to be) but

does not influence actual performance (slowing of information processing speed).

This result differs to what was found in the visual search where education did not
correlate with perceived changes to memory function. Despite similar demographics
of older adults in the TMT and visual search, the use of different participants
between tests may relate to the variability of result outcome. In addition outcome
variability may depend of the type of test examined although again the sample size
was small thus the result may not be very robust and reliable. Therefore further
examination of different visual attention tests is required to determine whether a
relationship between education and subjective memory function is similar across

tests.

Errors

Previously it has been assumed that older adults make significantly more errors
during the task compared to young adults especially in Trails B as the strain on
executive processing increased [Rasmussen et al, 1998]. Seo and colleagues [2006]
suggested that the fact that a large number of elderly participants in their study were
unable to complete the test was an indication of the limited applicability of Trails B
in particular for elderly participants especially if they had a lower educational
background.

141



In the current study the number of errors per se were not measured between Trails A
and B or between young and older adults because they were considered at the time of
testing difficult to quantify although we did observe after the test was completed
some papers showed lines going to the incorrect number or letter in the sequence
then corrected. It was found that 10 young adults and 6 older adults could not
complete Trails B (i.e. gave up) thus were eliminated from analysis. In previous
research studies of TMT, older adults failing to complete the test related to low levels
of education (i.e. 6 years) [Cavaco et al, 2013; Seo et al, 2006] however in the
current study older adults had higher levels of education in comparison to these
previous studies. Test incompletion may instead indicate impaired cognitive ability
in older adults i.e. switching attention reflecting an inability to move from number to

letter alternatively in the allotted time for performance to be considered ‘normal’.

Alternatively, we proposed task incompletion may have related to methodological
problems. For example, as a pen and paper task, the TMT relies on fully functioning
motor control as well as sufficient vision in order to be able to complete it
successfully. We speculated that any issues with motor movement i.e. hand dexterity
or visual impairment, however minor, may make the test difficult to complete.
Indeed the older adults did find the format of the test a challenge to physically move
their hand around the page while having to search for the next number or letter. If
motor performance during a particular test (such as the TMT in the current study) is
significantly more influential on RT performance other than the attended measure of
attentional function, the test in question may not be the best one to measure RT in
ageing. This may depend on the type of motor movement. For example motor
movement was also required during the visual search (pressing two buttons) however
it is possibly easier to press buttons compared to drawing lines across a page in the
TMT, particularly if hand dexterity is an issue such as having arthritis, although we

did not measure hand dexterity thus a possible limitation of the current study.

Interestingly, the young group contained more individuals who could not complete
the test. Previous study found participants (older adults) failing to complete the TMT
due to language barriers [Seo et al, 2006]. Indeed within the young group in the
current study there were young adults whose first language was not English which

may have contributed to test incompletion i.e. not understanding the instructions.
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Other reasons for not completing the test may be associated with not concentrating
properly on the test thus giving up. However we could only speculate the reasons as
a limitation of the current study was not to ask directly for details as to why young

adults did not complete the test.

Failure to complete the test highlights the issue that even in research settings, the
TMT cannot be completed by both young and older adults i.e. individuals considered
cognitively healthy from the objective measure of general cognition (high MoCA
score) thus this questions whether the TMT should therefore be used in clinics, test
incompletion may be incorrectly associated with cognitive dysfunction. Alternatively
it may be better to use a research test in clinical settings such as the visual search
examined in the previous chapter (Chapter 2) since no participants failed to complete

the test.

Outliers

Outliers other than those removed before analysis (because of extraneous noise)
occurred in young and older adult data for both Trails A and Trails B. Although more
outliers occurred in so in Trails B possibly due to greater processing load (switching
between numbers and letters). In older adults, outliers may depict disproportionately
slower information processing speed compared to mean level in healthy ageing as a
result of underlying structural change i.e. a diagnosis of SCI. These individual
scores may be skewing the mean result of older adults and lead to a misinterpretation
of what constitutes ‘normal’ levels of information processing speed in healthy ageing

thus are of interest for further examination and follow up.

Outliers in young adults may also imply these individual young adults are
significantly worse at performing the TMT due to early signs of underlying cognitive
dysfunction. However we had no way of testing this (i.e. no brain scans or
longitudinal studies) thus we speculate these slow RT scores are more likely due to
extraneous noise i.e. lack of concentration but were below our cut off scores thus not

removed before analysis.

There were a greater number of outliers in females compared to males in Trails A
and B for both young and older adults. We would speculate that these higher RT
values in females may increase the mean score compared to males. However since no
sex affect was found on information processing speed in both young and older adults,
we therefore speculate that these outliers did not significantly affect the mean

difference between female and male RT scores thus influence the overall result.
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Study Limitations

Individual differences occurred during test performance despite the same instructions
given. For example some participants did not make a continuous trail but instead
stopped after each letter or number taking the pen off the paper (despite being given
explicit instructions not to do this) while others did what was instructed. In addition,
regardless of clear instruction, some participants were unable to complete the test but
instead stated they could not finish thus testing stopped. All these participants were
excluded from analysis since the test wasn’t performed correctly or fully which did
mean that the number of people who could be used in analysis reduced slightly. This
is important issue as without appropriate and strict instructions, people will use
different strategies that may affect outcome. This may also be observed in clinics
with individuals, particularly those with any cognitive dysfunction forgetting
instructions. If the TMT is causing problems due to the way in which it must be
performed it may not be the best measure of cognition to use on older adult

participants and even on a younger cohort.

Another significant limitation of the trail making test is that it only requires one trial
per participant and when used in memory clinics, that becomes their cognitive
measure towards a diagnosis. Despite the ease of administration, it has been argued
that one trial is not sufficient enough to make comparisons between healthy and
pathological ageing and a task with a greater number of trials will provide more
sensitive results [Haworth et al, 2016] and also be able to measure intra-individual
variability (IIV) in order to measure the functional integrity of information
processing speed. It had already been recommended from a previous TMT study that
multi-trial type tasks should be administered rather than a single trial test [Salthouse
& Fristoe, 1995]. Haworth et al [2016] performed the TMT on MCI patients and
healthy controls as well as a computerized visual search paradigm which contained

significantly more trials.

The visual search task used within research settings, not only showed to be more
sensitive compared to the TMT when finding a difference between the two groups,
but demonstrated that tasks used during a research setting may prove to be superior
to those used in a clinical setting therefore the gap between methods used in clinical

settings and research laboratories requires closing.
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This difference between visual search and TMT was also found in the current study
as highlighted by small effect sizes in the TMT compared to larger effect sizes in the
visual search test (see Chapter 2). This implies that the TMT results may not be as
robust as the visual search thus supporting the argument that tasks used during a
research setting (visual search) may prove to be superior to those used in a clinical
setting (TMT). Therefore, the challenge is to develop tests which are sensitive to
detect change to information processing speed and IIV but which can be effectively

administered in a clinical environment.
Conclusion

The current study examined the functional integrity visual attention and information
processing speed and IIV between young and older adults using the clinical TMT as
well as measuring the influence of other factors of sex, education perceived test
difficulty and subjective memory function which have not been examined in detail
previously. The results indicated that older adults were significantly slower
compared to young adults on both TMT A and TMT B. There was no influence of
subjective memory function on information processing speed for both Trails and
Trails B, although subjective memory function did correlate with education as older

adults who perceived greater changes to their memory had lower levels of education.

Subjective memory function also correlated with perceived test difficulty in older
adults; the easier both Trails A and B were the perceived to be, the less change to
memory function older adults perceived to have. Perceived test difficulty correlated
with information processing speed (Trails B only) in older adults i.e. older adults
were slower when finding Trails B to be more difficult. Older adults with greater
levels of education also found the test to be more difficult. There was no effect of sex

and education to information processing speed in both young and older adults.

Similarities (effects of perceived test difficulty but not subjective memory function)
and differences (effects of sex and education) between the current TMT study and
the previous visual search test (visual search examined in Chapter 2), research may
help further understanding as to how RT should be measured in healthy ageing i.e.
what are the effects of ageing and person related factors on information processing

speed.
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To speculate, (as in Torrens-Burton et al, 2017) significant, disproportionate slowing
of information processing speed in some older adults is likely to be related to
possible neurodegenerative change or structural abnormality [see Torrens-Burton et
al, 2017 for similar discussion] (bearing in mind the relationship between white
matter changes, and slowed RT in AD). However it must be noted that there was no
access to participant brain scans thus we cannot be sure of the structural and
functional integrity of the brain. What must also be highlighted is that the majority of
effect sizes were small suggesting any relationships between information processing
speed and education or between information processing speed and perceived test

difficulty are not very robust thus potentially unreliable.

As speculated above, test outcome i.e. influence of different factors on information
processing speed, may be test specific (and specific to conditions within tasks) since
finding correlations between single conditions only (either Trails A or Trails B).
Therefore further types of visual attention tests need to be examined in this second
study to observe whether similar outcome occurs between tests. With this in mind,
we will use a different test (Multi-item Localization test) in a later chapter similar to
the TMT in its measure of information processing speed in relation to executive
function but containing multiple trials thus determine whether multiple trials increase

test sensitivity.

Some of the older adult data from Chapters 2 and 3 of this thesis was published in a
study by Torrens-Burton and colleagues [2017]. This study examined relationships
between a typical clinical test (TMT) and commonly used research test (visual
search) and educational level, subjective memory function and perceived difficulty
for each test. Information processing speed did not significantly correlate with
subjective memory function for both the TMT and the visual search although some
individuals displayed significantly slower information processing which may be of
clinical significance and require further assessment and follow up. Greater perception
of task difficulty was associated with higher perception of subjective memory
dysfunction in the TMT only and both tests found a relationship between actual
information processing speed and perceived task difficulty although the direction of
this relationship varied between tests. The results from this study highlight the
importance of taking into account perceived test difficulty factors and the type of
task when measuring integrity of information processing speed in older adults. The
researchers argued that this is important since information processing speed is now
specifically cited as a significant measure i.e. in the DSM-5 for NCD.
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4.0 CHAPTER FOUR: Simple & Choice Reaction Time

4.1. INTRODUCTION

In brief, results from the visual search (Chapter 2) and the TMT (Chapter 3) found
information processing speed was significantly slower in older adults compared to
young adults in both tests and more variable in the visual search. For both tests
subjective memory function did not significantly influence information processing
speed (or IIV in visual search), i.e., whether or not older adults perceived changes to
their memory, did not have an influence on their actual performance. In older adults,
perceived test difficulty correlated with information speed adults in target alone
condition of the visual search and Trails B of the TMT however the direction of the
correlation varied between tests. In visual search perceiving the test to be difficult
was associated with faster information processing speed however in the TMT
perceiving the test to be difficult was associated with slower information processing

speed.

In visual search information processing speed and IIV was influenced by education
in older adults with higher levels of education associated with faster and less varied
information processing speed. Sex was associated with information processing speed
(males performing faster and less variably compared to females) only in young adults
and only in the target plus distractors condition. In contrast, the TMT revealed no
relationship between information processing speed and sex or education in young or

older adults in the TMT.

So far from the TMT and visual search results highlight the potential importance of
considering different participant-related factors when measuring information
processing speed in ageing studies. In addition, result outcome with such factors can
be dependent on a specific condition of the test or the type of test itself i.e. a research
test with multiple trials (visual search) compared to a single trial clinical test (TMT).
In addition effect sizes of RT between young and older adults were larger in the
visual search compared to the TMT suggesting visual search better distinguished
differences of information processing speed in ageing. This implies that when
measuring information processing speed in ageing, tests used in clinical settings such
as the single trial TMT should be replaced with research tests of multiple trials i.e.

visual search.

147



Therefore, in the current chapter we continued examining information processing
speed using other research attention tests with multiple trials namely Simple reaction
time and Choice RT. to determine whether these research tests also produce greater
difference of RT in ageing as well as the opportunity to measure IIV from using

multiple trials.

Simple and Choice RT

In this chapter information processing speed and its variability (IIV) was examined
using a Simple reaction time and a Choice RT test; both commonly used in research
but not in clinical practice. The Simple RT test designed for the current study
involved making a response as quickly as possible to a single stimulus whereas the
Choice RT designed for the current study required making an appropriate response to
one of a number of possible stimuli [Deary et al, 2011] which requires additional
cognitive functions i.e. executive decision making. In the current study both tests
included measuring of processing which occurs when being pre warned of a stimulus

appearing thus allowing a response to be prepared for.

The Simple and Choice RT tests differ (in relation to attention function) in
comparison to the other research test used in the current research so far (visual
search) since in this research the aim was to compare RT and IIV in different
attention tests. The target alone condition of the visual search test (feature search)
involved automatically shifting the focus of attention to a given salient object on the
screen i.e. finding a pre-defined stimulus because its salient feature captures
attention. In contrast, in Simple RT the target stimulus is not specifically designed to
be salient as it automatically captures attention being the only stimulus on the screen.
The Target alone condition does allow for a measure of comparing baseline choice
RT between and within age groups however in comparison to the Choice RT test in
the current study, the stimuli differ (symbols or letters) which may activate different
areas of cognitive function. The ‘Conjunction component’ of the visual search
paradigm (Target plus distractors condition) involves shifting attention ‘at will’ to
the location of given object within the environment and ignoring distracting
information. In comparison in the Simple and Choice RT tests, this aspect of
selective attention is not required to the same extent as only one stimulus is presented

at one given time.
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As part of the second larger study, the same young and older adult participants from
the TMT were used (where possible), we could examine whether information
processing speed and II'V differs in ageing depending on the test used. The Simple
and Choice RT results were examined in relation to the influence, if any, of different
factors (sex, education, subjective memory function, perceived test difficulty) and
whether outcome varies to results of the TMT and visual search. In addition the
Choice RT examined how the number of trials may be associated with information

processing speed and IIV by splitting the test into four separate blocks of trials.

An issue with the TMT was that the integrity of IIV could not be measured due to the
test involving only a single trial. Due to multiple trials the Simple and Choice RT
tests are able to measure the variability of RT performance in young and older adults.
Unlike many research tests of information processing speed and its variability, these
tasks are very simple and easy to perform. Both tests (measuring different aspects of
attention) were examined to determine whether the integrity of information
processing speed and IIV between older and young adults is similar between tests
and whether there are similar influences of sex, education, perceived test difficulty

and subjective memory function.
The Simple RT test

The Simple RT test designed in the current study included three coloured circles
(red, orange, green) with instructions of ‘Ready’, ‘Steady’ and ‘Go!” appearing
consecutively on a screen (see Figure 11). The aim was to respond to the target green
‘GO!’ as quickly as possible after the first two cues by pressing a single button.
Including visual cues before presenting the target was designed for an increase in
alertness i.e. preparing the brain for the arrival of information that needs a response.
Therefore the test measures an aspect of processing which occurs when an individual
is pre-warned of a target thus allowing them to prepare their response. This aspect of
processing was examined by measuring reaction time (RT) from the target appearing

to the response being given (button press).

In addition, the length of time between the two cues and the target stimulus differed
during each trial. The use of these visual cues as well as varying the time they were
presented was designed to reduce the number of anticipatory responses i.e. pressing
the button too soon [as described in Dykiert, Der, Starr & Deary, 2012]. This may
occur as participants learn the order of each cued and target stimuli thus try to predict

when the target will appear.
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Figure 11: Representation of the Simple RT stimuli in which ‘Ready’, ‘Steady’ and
‘Go!” are displayed consecutively.

Time Time
delay delay
«—> <“—>

The Simple RT test measures the integrity of information processing speed of
detecting/finding and attending to a designated target i.e. the ability to prepare,
organise and execute a response [Vrtunski et al, 1983]. In this Simple RT test the
preparation relates to the visual cues presented before the target stimulus warning the
target arrival and that a response is required thus allowing the individual to prepare
for said response. Following the cue, the target appears on the screen which is
processed and understood that this is the target to respond to thus such response is
executed i.e. a button press. Reaction time is measured from the time it takes for the
target to appear on the screen (i.e. recognise the target) and to respond (press a

button).

It is common for Simple RT studies to include a visual cue before the target is
presented i.e. prompting an individual to prepare for the target to arrive [Dykiert et
al, 2012]. The brain has limited processing resources thus in order to draw a persons’
attention towards a particular location or object, a warning is given in advance in
order to prepare the individual for the upcoming stimulus and required response. This
helps the individual to be more efficient at processing the stimulus and respond to the
target i.e. faster RT. This visual cue allows a person to react quickly when a target
stimulus appears shortly afterwards due to a phasic increase in alertness [Posner,
1986]. This operation can enhance the processing of the target stimulus thus
producing a faster response [Fernandez-Duque & Posner, 1997]. This alerting effect
is mediated by the noradrenergic system [Tales et al, 2002] which plays an important
role in sustaining a persons’ sensory readiness for external stimuli [Tales et al, 2002;

Robbins, 1997; Posner, 1993].
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The Simple RT test in this study does not measure the alerting effect per se since
trials did not differ between cued and non-cued responses i.e. we did not measure
differences in RT between warned (cued) or non-cued target performance. However,
the test uses visual cues (‘Ready’ and ‘Steady’ circles) in order to increase some
alertness thus prompt individuals to prepare for a response. Two visual cues of
different colours (red and orange) were used as they simulated a familiar traffic light
sequence thus participants would be prepared/alert for a green Target stimulus thus
able to respond quickly once it appeared on the screen. Therefore this represented
normal everyday aspect of attention-related info processing speed i.e. we learn that
every day events follow each other and know when to prepare for a specific

response.
The Choice RT test

The current Choice RT test used stimuli and methodology modelled on the study by
Ballesteros and colleagues [2013]. In each trial, a visual cue of an asterisk was
presented on a computer screen followed by one of two target stimuli, ‘X’ or ‘O’ (see
Figure 12). Participants respond to each target stimulus with a designated response
key: pressing ‘Z’ on a keyboard with the appearance of the ‘X’ target and the ‘M’
key with the appearance of the ‘O’ target.

Figure 12: Representation of the choice RT stimuli by responding with either the z

or m keys.

or
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A visual cue of an asterisk was designed to increase alertness i.e. prepare the brain to
detect the arrival of a target stimulus which requires a response. Reaction time was
then measured for the time it takes to process the target stimulus once it appears on

the screen and then respond.

How the Choice RT differs from the Simple RT to prepare for and execute a
response is that it includes multiple target stimuli, each with a designated response.
This requires further processing as once a target appears on the screen an executive
decision needs to be made before responding as to which response relates to which
target stimulus. This needs to be done very quickly as although the individual is pre
warned of the stimulus appeared thus are prepared for the response, they do not know
which of the two responses will appear. Therefore the Choice RT test measures the
time taken to process the response once it appears, quickly make a decision then

respond correctly.

An increase of mental operations (i.e. executive decision making) may put greater
strain on mental resources thus affecting how quickly the stimulus can be responded
to i.e. slower RT. Therefore, Choice RT tests may produce slower reaction time
performance compared to Simple RT tests which only requires responding to a single
stimulus. Indeed this has been observed in previous choice RT studies when
comparing information processing speed with Simple RT tests [i.e. Woods et al.,
2015; Bugg et al, 2006; Der & Deary, 2006; Krieg et al, 2001]. Note however that in
the current Simple and Choice RT tests are not directly comparable since different

stimuli were used.

Additional measures in the Choice RT test: Number of Trials

It is common for RT studies to use multiple trials to measure RT and IIV but rare to
examine how the number of trials per se influence these measures and whether
influence, if any, is affected by other factors i.e. differences between males and
females. Any influence of trial number is generally reported in terms of fatigue
[Woods et al, 2015], practice [Edwards, 2017; Yotsumoto et al, 2015; Kuang et al,
2016; Siettos & Smyrnis, 2016] or related to reduced sustained attention resulting
slower RT by the end of the test [Fernaeus et al, 2013]. Previous Choice RT tests
(although aged) have split trials into blocks [Ballesteros et al, 2013; Brown et al,
2005; Michaels, 1988; Craik & McDowd, 1987; Logan et al, 1984; Posner et al,
1980] however this was only part of their design and not used for deliberately

measuring the potential affect of the number of trials on RT or IIV.
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Therefore in the current Choice RT test, as well as measuring overall RT and IIV and
any effects of factors in ageing trials were also separated into separate blocks in a
novel approach to examine how the number of trials may have an effect on RT
performance and IIV between young and older adults whether any such variation

differs between sexes of a particular age group (young or older males and females).

This measure may provide greater detail of how information processing speed and
IIV during Choice RT (and the attentional functions it measures) is affected in
ageing. For example Edwards [2017] found that more trials related to prolonged
practice in RT tests and over repeated sessions this can improve RT performance
However in the current study, time was limited thus any influence of practice on RT

and IIV could only be examined over the course of the test.

Information processing speed and intraindividual variability using Simple RT

and Choice RT tests during ageing: Previous studies
Simple RT

Information processing speed has been observed to increase (i.e., slow) with age
during a Simple RT test [Bugg et al, 2006; Der & Deary, 2006; Krieg al, 2001;

Wilkinson & Allison, 1989]. This has been found in different paradigms i.e. the
Deary-Liewald reaction time task [Deary, Liewald, & Nissan, 2011] and also in

auditory versions of the test [Fozard et al, 1994].

In addition, the inclusion of visual cues has revealed differences between young and
older adults. When the target stimulus was presented shortly after a cue, older adults
were significantly slower compared to young adults [Lahtela, Niemi & Kuusela,
1985]. This may relate to older adults finding it more difficult to perform behavioural
tasks such as the Simple RT quickly thus perform slower compared to young adults
[Kerchner et al, 2012; Craik & McDowd, 1987] In contrast, visual cues (of 200ms)
have been observed to improve RT performance in both young and older adults
[Tales, et al, 2002] which may highlight an increase in alertness [Posner, 1986] by
which processing of the target stimulus can be enhanced thus produce a faster

response [Fernandez-Duque & Posner, 1997].

153



Choice RT

In the Choice RT task, older adults have too found to show significant slowing of
information processing speed [Woods et al., 2015; Bugg et al, 2006; Der & Deary,
2006; Deary & Der, 2005] as well as a decline in accuracy between young and older
adults [Vaportzis, Georgiou-Karistianis, & Stout, 2013]. Slowing during ageing in
the Choice RT has been suggested [i.e. in Simon & Pouraghabagher, 1978] to
highlight detrimental changes to encoding ability i.e. the ability to process each

target and quickly execute a response.

Although we could not find examples to contradict these results, previous study
results may have varied slightly compared to each other due to differences in sample
sizes or participant demographics or differences in test methodology i.e. stimuli. For
example, four stimuli (thus four different responses)[i.e. in Deary et al, 2011; Der &
Deary, 2006] require greater processing load i.e. greater executive decision making
compared to when only two stimuli are present [i.e. Bugg et al, 2006]. As a result,
the greater number of response choices may increase the time it takes to make a

response compared to when fewer choices are required.

Comparing Simple and Choice RT

Information processing speed has been examined using both Choice RT and Simple
RT tests within a single ageing study. Age effects on information processing speed
has been found to vary between Simple and Choice RT [Woods et al., 2015; Bugg et
al, 2006; Der & Deary, 2006; Krieg, Chrislip, Letz et al, 2001] with the difference in
slowing between young and older adults found to be greater in Choice RT compared
to the Simple RT test [Woods et al., 2015; Bugg et al, 2006; Der & Deary, 2006;
Krieg et al, 2001].

Previous studies [i.e. Yordanova, Kolev, Hahnsbein et al, 2004; Inui, 1997; Benton,
1986] argue that the Choice RT is more sensitive to differences between young and
older adults. This may be because older adults find the decision component of a
Choice RT more challenging compared to young adults [Bugg, et al, 2006] and
require processing multiple stimuli separately and consecutively [Kertchner et al,
2012; McDowd & Craik 1988]. As a result, responses take longer to perform thus
larger differences of information processing speed are observed between young and
old adults i.e. older adults are slower [Woods et al., 2015; Bugg et al, 2006; Der &
Deary, 2006; Krieg et al, 2001].
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In the current study the Choice RT test was compared to the Simple RT to determine
whether Choice RT associated with greater differences between RT and IIV between
young and older adults. In addition in a new approach both tests were compared in
relation to which produced greater relationships between RT, IIV and different
person-related factors i.e. sex, education, subjective memory function and perceived

test difficulty.

Intraindividual variability

Intraindividual variability was measured to examine the functional integrity of
information processing speed in Simple RT and Choice RT. This could not be
achieved in the TMT (Chapter 3) since the pen and paper test only consistent of a

single trial.

For Simple RT tasks, variability of information processing speed (IIV) has been
found to be stable until around aged 50 years [Der & Deary, 2006] then increase in
older adulthood [Bielak, Cherbuin, Bunce, & Anstey, 2014]. In contrast IV
measured using choice RT has been found to increase throughout adulthood [Dykiert

et al, 2012] and even slow significantly in middle age [Bielak et al, 2014].

Additionally, age effects on IIV have been found to be larger in a Choice RT test
compared to a Simple RT test [Dykiert et al., 2012; Dixon, Garrett, Lentz et al, 2007;
West et al, 2002] which Dykiert and colleagues suggest relates to the level of
complexity required for task completion. Choice RT requires further processing once
a target appears as an executive decision needs to be made very quickly before
responding i.e. which response corresponds to the stimulus. An increase of mental
operations (i.e. executive decision making) may put greater strain on mental
resources thus affecting how quickly the stimulus is responded to and vary RT

performance i.e. increased IIV.

Therefore the current study aimed to determine whether young and older adults are
more variable in their RT performance in the Choice RT compared to the Simple RT
test as well as whether 11V is affected by different person related factors (sex,
education, subjective memory function and perceived test difficulty). It is important
to measure RT and IIV in healthy ageing to understand how they are affected in
ostensibly healthy control groups, before comparing healthy ageing with pathological

ageing i.e. MCI or dementia.
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Information processing speed and intraindividual variability using Simple RT

and Choice RT tests in MCI and AD: Previous studies
Simple RT

Past Simple RT studies have found information processing speed to be significantly
slower and more variable in MCI [Cheng, et al, 2017; Gorus et al, 2008; Levinoff,
Saumier, & Chertkow, 2005] and in AD [Cheng et al, 2017; Sano et al, 2009; Gorus
et al, 2008; Tales et al, 2008] compared to healthy ageing. In addition, past studies
have found responses after a visual cue to be significantly slower in MCI and AD
compared to healthy controls [Pate et al, 1994; Sano et al, 1995] due to an inability to
benefit from a given cue and focus attention on a subsequent target [Pate et al, 1994].
However an effect of visual cues on information processing speed in AD patients has

not always been observed [Tales et al, 2002].

AD patients are insufficient at processing and responding to rapid changes in the
environment [Tales et al, 2002] even when they are warned that something may
happen shortly, thus this may significantly negative impact everyday tasks [Perry &
Hodges, 1999] particularly those tasks which require a rapid response. The stimuli in
the current Simple RT test mirror these types of real world situations i.e. changing
traffic lights although we only measured how they may be affected in healthy ageing

1.e. between young and older adults.

In contrast, not all research has found processing speed to be a significant dementia
related impairment during Simple RT [Nettleback et al, 2014; Dodonova &
Dodonov, 2013; Tales et al, 2011]. Storandt & Beaudreau [2004] used a simple
reaction time task on individuals with very mild dementia and mild dementia. They
found that not all patients showed slowing therefore reaching the assumption is that
slowing is not always universal. This was also found by Nestor and colleagues

[1991] who found reaction time in a simple RT test to be normal in AD patients.

In addition II'V has not always been observed to differentiate abnormal ageing i.e.
aMClI to healthy ageing using Simple RT [Tales et al, 2011] which may relate to the
use of different simple RT tests used i.e. different stimuli. This highlights the fact
that information processing speed and IIV may be affected differently depending on

the type of Simple RT test paradigm used.
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Outcome variability may also relate to differences in sample size and the inclusion of
other factors i.e. lower 1Q associated with slower information processing speed [as
discussed in Nettleback et al, 2014] or sex and education [as found by Dykiert et al.,
2012; Reimers & Maylor, 2006].

The current study aimed to take into account sex and education alongside factors not
considered previously in Simple RT studies (namely subjective memory function and

perceived test difficulty).
Choice RT

Information processing speed measured using the Choice RT test has been observed
to be significantly slower and more variable in MCI [Cheng, et al, 2017; Levinoff,
Saumier, & Chertkow, 2005] and in AD [Cheng et al, 2017; Sano et al, 2009; Tales
et al, 2008; Hultsch et al, 2000; Christensen, Ogle et al, et al, 1981] compared to
healthy ageing. In addition, the difference of information processing speed between
normal ageing and Alzheimer’s disease has been argued to be more significant when

tasks include making a choice [Pirozzolo et al, 1981; Nestor et al, 1991].

Therefore, past studies argue that Choice RT tests can be more sensitive to the
severity of dementia [Storandt & Beaudreau, 2004; Flicker, Bartus, Crook et al,
1984] and to a pre dementia diagnosis i.e. MCI [Levinoff et al, 2005]. A more
complex task such as the Choice RT recruits more areas of the brain i.e. executive
control and requires greater processing load which produces a great strain on these
mental resources. As more mental processes are required, this increases the chance

for some, if not all cognitive functions to be affected by disease as well as ageing.

Person-related factors

Sex and education

In both Simple and Choice RT, faster information processing speed in males
compared to females has been found not just in younger adults [Karia et al, 2012;
Krieg Jr et al., 2001; Bleecker, Bolla-Wilson, Agnew, & Meyers, 1987; ] but in older
adult groups [Dykiert, et al, 2012; Lahtela, Niemi, & Kuusela,1985]. However in
Choice RT, it has also been found that in healthy adults, females started slower than
males at the beginning of the choice RT task but then quicken throughout the

trials until they were in fact faster than males [Reimers & Maylor, 2006; Landauer,

Armstrong & Digwood, 1980].
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This may highlight sex differences due to task complexity (i.e. the Choice RT
required greater processing load) or differences in processing with respect to the
number of trials and thus why trial numbers are examined in this study (alongside
comparing single trials and multiple trials). In addition, sex differences may reflect
differences in processing strategies with females choosing serial processing and

males choosing parallel processing [Adam, Paas, Buekers et al., 1999].

Sex differences have been found in intraindividual variability with females being
more variable in their RT performance compared to males in Simple RT tests
[Dykiert et al., 2012] and in Choice RT tests [Dykiert et al., 2012; Reimers &
Maylor, 2006]. Again these sex differences may reflect differences in processing
strategies between males and females particularly during the Choice RT test using

multiple stimuli.

Education has also been examined previously during Simple and Choice RT tests
finding both young and older adults with higher education performing faster
compared to medium and low levels of education [Deary et al, 2001; Houx & Jolles,
1993]. However, this is not supported in all research findings [Woods, et al, 2015;
Hooyman, 2005] therefore it has been suggested that further research is required with
a focus on the influence of education on information processing speed during these

Simple and Choice RT tests [de Jager, 2003, Houx & Jolles, 1993].

Subjective memory function

When measuring RT and IIV in ageing and MCI or AD studies typically, objective
cognitive function of healthy older adult control groups is tested and taken into
account. However there may be some individuals with complaints to their memory
function (SCI) and this may have an effect on their RT performance thus have an
effect on group mean RT. Previous Simple and Choice RT tests have not taken into
account these subjective memory complaints but also, of particular interest to the
current research, have not taken into consideration subjective memory function i.e.
memory complaints in older adults in general public who have not visited their GP.
Therefore the results of ostensibly healthy older adults’ information processing speed

in Simple and Choice RT tests may have been misinterpreted.

So far in the current research both the visual search (research) and the TMT (clinical)
did not find an association between subjective memory function and information
processing speed (or IIV in the visual search) suggesting no effect of perceived

changes to memory function on RT and IIV in ostensibly healthy older adults.
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However this outcome may still differ depending on the type of test i.e. the type of
research test or research tests with multiple trials compared to clinical tests a single
trial. Therefore the current study aimed to determine whether subjective memory
function is associated with information processing speed or IIV in Simple and

Choice RT tests in a similar way (i.e. to other research and clinical tests).

Any affect of subjective memory function may suggest the need to take this factor
into account in future ageing studies (and in control groups in MCI and AD studies)
and highlight the differences between different aspects of attention (as well as
between research and clinical tests). In addition any affects of subjective memory
function on RT and IIV may help the characterisation of how RT and IIV are
affected in SCIL.

Perceived test difficulty

Perceived test difficulty will be examined in the current study to determine whether
any possible effect on study outcome is similar between both the Simple and Choice
RT tests. If perceived test difficulty has an influence on information processing speed
in Simple and Choice RT, this may suggest that other psychological factors i.e.
judgement of ability of performance or mood influence information processing
speed. Failing to take this factor (or factors) into account may impact how we
interpret levels of slowing in healthy ageing and possibly highlight how the integrity
of information processing speed of control groups in past Simple and Choice RT

studies may have been misinterpreted.
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4.2 SIMPLE RT: Experiment 1
METHODOLOGY

Participants

Swansea university students (n = 82, 18-25 years; 32 males: 50 females) were
recruited through psychology department credit system and through advertising
around the university and social network. Community dwelling older adults (n = 90;
50-80 years; 38 males: 52 females) were recruited through advertisements given out
to older adult social clubs and local papers in Swansea, through email, word of
mouth and via a volunteer database of older adults set up by the Swansea Psychology
Department. Ethical approval was provided by the departmental ethics committee
and formal written consent was obtained from each participant. The inclusion and

exclusion criteria were the same as previous chapters.

Simple RT Materials

The stimuli were presented on a Dell Precision PC running on Windows XP X86
CPU, viewed at a distance of 57 cm. Two visual cues were presented consecutively
in the middle of a black computer screen (1920 x 1080 pixels). These two cues
consisted of a red circle with ‘Ready’ written in the centre and an orange circle with
‘Steady’ written in the centre. Following the visual cues was a target cue of a green
circle with ‘Go!” presented in the middle [see Figure 11]. The delay in-between each
circle appearing varied between each trial set (between 1 to 4 seconds). This was
designed so that participants would not anticipate when each circle would appear

thus respond before the target circle appeared on the screen.

Participants were asked to press the spacebar on the keyboard with their index finger
of their dominant hand as quickly as possible when the target stimulus of Green
‘Go!” appeared on the screen. Participants were given 5-6 trials as a practice before
the programme was restarted for the main testing. There were 35 trials in total. If an
error was made i.e. the spacebar pressed too early, the trial would repeat until the
response was made correctly but no feedback was given to the participant at the end

of each trial regardless if the button was pressed correctly or incorrectly.
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Data Cleaning

For both young adults and older adults, any reaction times which were under 150ms
were removed as this is faster than ‘natural’ RT (i.e. pre-empting the stimulus) and
over 2000ms observed as a lack of concentration. The programme recorded the
number of ‘errors’ i.e. the participants pressing too early resulting in the trial

repeating although the number of errors did not affect elimination procedures.

The median was calculated for each individual and the group mean RT and
Interquartile range (for IIV) was calculated for both age groups. In response to the
non-normal distribution of the data (see Table 9) SPSS non parametric analysis was
conducted. Factors i.e. sex and education, perceived test difficulty and subjective
memory function were grouped into separate families for analysis. The RT and IIV
and attention effects were different data sets and thus did not require Bonferroni

correction for multiple analyses.

Table 9. Normality of Distribution (Shapiro Wilkes test)1

Older Young
Statistic df Sig. statistic df Sig.
Information
processing speed | .953 90 .003 175 82 .000
Intraindividual
variability 937 90 .000 .884 82 .000

! Note: data classified as a non-normal due to the positively skewed distribution of the data and in
some cases bimodal distributions. There is a natural limit to the data i.e. how fast RT can be.
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4.3 SIMPLE RT RESULTS

Demographics

Mann-Whitney analysis revealed no significant difference in mean education or

MoCA score between young and old adult groups [p > .05]. Depression level was

significantly greater for young adults compared to older adults [U = 1887, p < .001,

effect size (r) = .38] and anxiety level was significantly greater for young adults

compared to older adults [U = 2204.5, p < .001, effect size (r) = .30].

Table 10: Mean demographic scores for the older adult and younger adult groups.

Standard deviation in parenthesis.

Age | Education | MoCA | MFQ | PHQ-9 | GAD-7
(Years) (Years) score Score score score
All 20 15 27 _ 6 5
Young | (2.1) 3.5) 2.1) 4.0) 4.0)
Young 20 15 27 5 4
males
(n=32) (2.0) (3.0 (2.3) _ (5.1 (4.6)
Young 20 14 27 6 5
female
2.2 3.9 2.0 3.7 4.0
(n=50) (2.2) (3.9) (2.0) _ (3.7) (4.0)
All 65 15 27 291 3 3
Older | (53 (4.9) (23) | 483) | 3.1) | (2.8
Older | ©° 17 27 286 3 2
males
(n=38) (5.9 (6.0) (2.5) (42.3) 3.1 2.4)
Older 66 14 28 300 3 3
female
(n=52) (6.3) (3.5) (1.8) (52.3) (3.1 (3.0

MoCA, Montreal Cognitive Assessment; MFQ, Memory Functioning; PHQ, Patient Health
questionnaire; GAD, Generalized Anxiety Disorder 7-item (GAD-7) scale.
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Table. 11. Mean information processing speed, intraindividual variability, mean
number of errors (pressing too early) and mean perceived test difficulty for both

older and young adults. Standard deviation in parenthesis.

Information Intra- Errors Perceived
rocessin Individual | (early Difficulty
g eed (m sg) Variability key (Likert
P (ms) presses) Scale)
All
Young | 34273472) | 5682 | 91| il
adults ’ &
Young 0.93 2 (0.8)
Male 336.96 (42.4) 54.19 (170) | (Range 1-5)
Young 0.48 2 (1.0)
Female 346.42 (30.0) 383 (0.81) | (Range 1-5)
All
Older | 37077 (640) | 7499 | (22 | L O
Adults ' &
Older 0.45 1 (0.0)
Male 354.43 (53.4) 73.12 (0.60) | (Range 1-5)
Older 0.40 2(0.9)
Female | 20272 (08:8) | 7631 (0.85) | (Range 1-5)
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Information processing speed: Simple RT

Age comparison: Information processing speed

Figure 13: Box plot of mean information processing speed between older adults and

younger adults during Simple RT test. Note the presence of outliers in the performance of

this task.
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Mann-Whitney analysis comparing information processing speed for age group
(older adults and young adults) revealed a significant difference between age groups;
older adults produced slower reaction times compared to young adults [U = 2655, p

=.002, effect size (r) = .24].

Information processing speed and subjective memory function

Correlational analysis using Spearman’s rho revealed no significant correlation
between information processing speed and total MFQ score (subjective memory

function) [p > .05].
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Information processing speed and perceived test difficulty

Spearman’s rho revealed no significant correlation between information processing

speed and perceived test difficulty in both young and older adults [all p values > .05].

Information processing speed and education level

In both young and older adults, Spearman’s rho revealed no significant correlation

between information processing speed and educational level [all p values > .05].

Sex Comparison: Information processing speed

Figure 14: Box plot of mean information processing speed between sex (male and
female) in young and older adults.
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Mann-Whitney analysis revealed no significant difference of reaction time between
males and females in young adults [U = 693.5, p = .311] or in older adults [U = 760,
p =.063].

165



Information processing speed, anxiety and depression levels

For both young and older adults, information processing speed did not significantly

correlate with anxiety levels [p > .05] or depression levels [p > .05].

Information processing speed and objective cognitive performance (MoCA)

In both young and older adults, there was no significant correlation between
information processing speed and MoCA score (objective measure of general
cognition) [all p-values > .05]. In older adults MoCA score significantly negatively
correlated with perceived test difficulty, finding the simple RT test more difficult

related to poorer general cognition [r = -.208, p = .049].

Subjective memory function and perceived test difficulty

In older adults, subjective memory function (Total MFQ score) was significantly
negatively correlated with perceived test difficulty [r =-.241, p = .022]. As older
adults perceived greater changes to their memory (low MFQ score) the more difficult

the Simple RT was perceived to be.

Education level and subjective memory function

In older adults, Spearman’s rho revealed no significant correlation between

educational level and subjective memory function (total MFQ score) [p > .05].

Education level and perceived test difficulty

Spearman’s rho revealed no significant correlation between educational level and

perceived test difficulty for both young and older adults [all p values > .05].

Anxiety and depression levels

Anxiety levels significantly positively correlated with depression levels in young
adults [r =.743, p < .001] and older adults [r =.618, p <.001]. As anxiety levels

increased so did depression levels.
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Intraindividual variability: Simple RT

Age comparison: Intraindividual variability

Figure 15: Box plot of mean intraindividual variability (IIV) between older adults

and younger adults
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Mann-Whitney analysis comparing mean reaction time variability revealed a
significant difference between age groups; older adults were more variable in their
reaction time performance compared to young adults [U = 2593, p = .001, effect size

(r) = .26].

Intraindividual variability and Subjective memory function

In older adults, Spearman’s rho revealed no significant correlation between
subjective memory function (Total MFQ score) and intraindividual variability [p >

.05].

Intraindividual variability and Perceived test difficulty

For both young and older adults, intraindividual variability did not significantly

correlate with perceived test difficulty [all p values > .05].
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Intraindividual variability and Education level

For both young and older adults, intraindividual variability did not significantly

correlate with education [all p values > .05].

Sex Comparison: Intraindividual Variability

Figure 16: Box plot of mean intraindividual variability between sex (male and
female) in young and older adults.
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Mann-Whitney analysis revealed no significant difference of reaction time variability
between males and females in young adults [U = 659.5, p = .182] or in older adults

[U=904, p =.493].
Intraindividual variability, anxiety and depression levels

For both young and older adults, IIV did not significantly correlate with anxiety

levels [p > .05] or depression levels [p > .05].
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Intraindividual variability and objective cognitive performance (MoCA)

In both young and older adults, there was no significant correlation between II'V and

MoCA score (objective measure of general cognition) [all p-values > .05].

Simple RT: Errors
Overall mean number of errors: Age comparison

Table 12: Overall mean number of errors in Simple RT for young and older adults.
Standard deviation in parenthesis.

Total
Mean
0.42
Older (0.75)
0.63
Young (1.24)

Mann Whitney analysis revealed no significant difference in overall mean errors

between young and older adults [U = 3473.5, p = .424]

Overall mean number of errors: Age comparison

Table 13: Overall mean number of errors in Simple RT for males and females in
young and older adults. Standard deviation in parenthesis.

Overall Mean
0.88
Young Males (0.9)
0.48
Young Females (0.81)
0.45
Older Males (0.6)
0.4
Older Females (0.85)

Mann Whitney analysis revealed no significant difference in overall mean errors
between males and females in both young adults [U = 724, p = .394] and older adults
[U=2871.5, p=.242].
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4.4 CHOICE RT: Experiment 2

METHODOLOGY

Participants

79 young adults (30 males: 49 females) and 82 older adults (34 males: 48 females)
were recruited. The recruitment protocol was the same as in Experiment 1; there
were some participants who performed the choice task without performing the simple
RT task which is why participant and sex ratios differ to experiment 1 and why the

demographic details for the younger and older adults for experiment 2 are shown in

Table 13.

Stimuli

The task was created using Superlab Pro software on a Dell Precision PC running on
Windows XP, X86 CPU, viewed at a distance of 57 cm. A black asterisk flashed in
the centre of a white screen (dimensions) for 1000ms followed by either an ‘X’ or
‘O’ in black, font Times New Roman, size 20 (see Figure 12). There was an
instruction screen explaining the task in which could be proceeded by pressing ‘S’ on
the computer keyboard. There were four experimental blocks of 30 trials each, giving
a total of 120 trials. In each block 15 trials were the ‘X’ target and 15 trials were the
‘O’ target presented in a randomized order. Each block was separated with a screen
indicting the end of the block which could be preceded by pressing ‘S’ on the
keyboard. A final instruction screen appeared at the end of the task to indicate it had

ended.

Procedure

The participant was asked to respond as quickly and as accurately as possible with
pressing ‘Z’ on the computer keyboard with their left index finger when the ‘X’
target appeared on the screen and the ‘M’ key with their right index finger when the
‘O’ target appeared. Participants were given a practice block of 20 trails followed by
a screen which repeated the instructions. In the testing phase there were 4 blocks of

30 trials with a break screen in-between.
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Cleaning data

For both age groups trials under 150ms (which are faster than natural RT) were
eliminated. Individuals who produced more than 20% of incorrect trials across the
four blocks were also omitted from analysis as they were considered not to have
performed the test correctly. Individual median RT and IQR across all trials were
calculated as well as the median RT and IQR for each of the four blocks. Overall
group and block medians were calculated for both young and older adults. In
response to the non-normal distribution of the data (see Table 12) SPSS non
parametric analysis was conducted. Factors i.e. sex and education, perceived test
difficulty and subjective memory function were grouped into separate families for
analysis. The RT and II'V and attention effects were different data sets and thus did

not require Bonferroni correction for multiple analyses.

Table 14. Normality of Distribution (Shapiro Wilkes tes‘[)2

Older Young
statistic df  Sig. statistic df Sig.
Information
processing speed .962 82 .015 974 79 111
Intraindividual
variability .898 82 .000 913 79 .000

> Note: data classified as a non-normal due to the positively skewed distribution of the data and in
some cases bimodal distributions.
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4.5 CHOICE RT RESULTS

Demographics

Mann-Whitney analysis revealed no significant difference in mean education or

MoCA score between young and old adult groups [p > .05]. Depression level was

significantly greater for young adults compared to older adults [U = 1646, p < .001,

effect size (r) = .38] and anxiety level was significantly greater for young adults

compared to older adults [U = 1696.5, p < .001, effect size (r) = .37].

Table 15: Baseline demographics for the older adult and younger adult groups.

Age

Education

(Years) | (Years) MoCA | MFQ | PHQ-9 | GAD-7
All 20 15 27 _ 6 5
Young | (2.1) (3.6) 2.1) (4.0) (4.0)
Young 20 15 27 5 5
males
(n=30) (1.7) (2.9) (2.3) _ (5.5) 4.5)
Young 20 14 27 6 5
female
(n= 49) (2.3) 3.9) (2.0) _ 3.7 (4.0)
All 65 15 27 291 3 2
Older (6.2) 4.9) (2.2) (49.4) (3.1) (2.7)
Older 65 17 26 287 4 2
males
(n=34) (6.2) (6.3) 2.4) (44.1) 3.5) 3.3)
Older 66 14 28 294 3 2
female
(n= 48) (6.2) (3.5) (1.8) (52.9) (2.8) (2.2)

MoCA, Montreal Cognitive Assessment; MFQ, Memory Functioning Questionnaire; PHQ-9,

Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 16: Group mean information processing speed and Intraindividual Variability
(from individual participant median RT scores) and mean perceived test difficulty for

the young and older adult groups for the choice RT test. Standard deviation in

parenthesis.
. Intra- .
Information . . Perceived
. Individual
Processing Variability Performance
Speed (ms) (ms) (Likert Scale)
All
Young gggz 108.81 (Rzn(g}e'étl)— 6)
adults ’
Young 463.62 104.1 3(1.1)
Male (57.0) ' (Range 1-5)
Young 451.93 1117 3(1.5)
Female (55.4) ' (Range 1-6)
All
Older | M6 | ot
Adults ' &
Older 548.82 3(1.5)
Male (86.9) 150.23 (Range 1-6)
Older 538.83 143.19 3(1.4)
Female (81.6) (Range 1-6)
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Choice RT: Information Processing Speed

Age Comparison: Information Processing Speed

Figure 17: Mean information processing speed (ms) between young adults and older
adults.
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Mann-Whitney analysis revealed a significant difference of information processing
speed between age groups; older adults information processing speed was
significantly slower compared to young adults [U = 1228, p < .001, effect size (1) =
541].

Information processing speed and Subjective memory function

Correlational analysis using Spearman’s rho revealed no significant correlation
between information processing speed and total MFQ score (subjective memory

function) [p > .05].
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Information processing speed and Perceived test difficulty

In young adults, information processing speed significantly positively correlated with
perceived test difficulty [r =.273, p = .015]. As young adults found the test to be
more difficult, their information processing speed slowed. In older adults, there was
no significant correlation between information processing speed and perceived test

difficulty for older adults [p value > .05].

Information processing speed and education level

Spearman’s rho revealed no significant correlation between information processing

speed and educational level in both young and older adults [p values > .05].

Sex comparison: Information Processing Speed

Figure 18: Box plot of mean information processing speed (ms) between age (young

and older adults) and sex (male and female).
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Mann-Whitney analysis revealed no significant difference in reaction time between
males and females both in young adults [U = 604.5, p = .187] and in older adults [U
=766.5, p=.599].

Information processing speed, anxiety and depression levels

For both young and older adults, information processing speed did not significantly

correlate with anxiety levels [p > .05] or depression levels [p > .05].

Information processing speed and objective cognitive performance (MoCA)

In young adults, there was no significant correlation between information processing
speed and MoCA score (objective measure of general cognition) [p > .05]. In older
adults MoCA score significantly negatively correlated with information processing

speed; faster RT related to better general cognition [r =-.221, p = .047].

Subjective memory function and perceived test difficulty

Despite aiming to examine the same participants in the Choice RT test to compare
with the Simple RT test, there were a few differences in individuals who performed

both tests thus this analysis (and the following two sections) is repeated.

In older adults, there was a significant negative correlation between subjective
memory function and perceived test difficulty [r = - .389, p <.001]. As older adults
perceived greater changes to their memory (low MFQ score) the more difficult the

Choice RT was perceived to be.

Education level and subjective memory function

In older adults, Spearman’s rho revealed a significant negative correlation between
subjective memory function (total MFQ score) and educational level [r = - .266, p =
.018]. Lower levels of education were related to increase in MFQ score i.e. less

perceived change of memory function
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Education level and perceived test difficulty

Spearman’s rho revealed no significant correlation between educational level and

perceived test difficulty for both young and older adults [all p values > .05].

Anxiety and depression levels

Anxiety levels significantly positively correlated with depression levels in young
adults [r =.713, p <.001] and older adults [r =.626, p <.001]. As anxiety levels
increased so did depression levels. In older adults depression levels significantly
negatively correlated with subjective memory function (total MFQ score); in older
adults perceiving fewer changes to memory function (high MFQ score), depression

levels were lower [r=-.311, p =.005].

Choice RT Comparison of age across blocks: Information Processing Speed

Table 17. Mean information processing speed (ms) across the four blocks for older
and young adults. Standard deviation in parenthesis.

Block 1 Block 2 Block 3 Block 4
558.43 540.26 544.85 538.28

Older (89.29) (87.17) (85.35) (93.43)
448.22 455.15 461.54 462.34
Young (61.06) (59.08) (64.64) (62.90)

In young adults, the Friedman test revealed a significant difference in reaction time
across the four blocks [X2 (3,n=79) =8.27, p =.041, effect size (Kendall’s W) =
.035]. Post hoc analysis revealed reaction time to significantly increase between
block 1 and block 3 [Z =-2.41, p = .016, effect size (r) = .27] and between block 1
and block 4 [Z = -2.318, p = .020, effect size (r) = .26] i.e. young adults become

slower throughout the test.

In older adults, the Friedman test revealed a significant difference in reaction time
across the four blocks [X? (3, n=82) =23.60, p <.001, (Kendall’s W) =.096]. Post
hoc analysis revealed reaction time to differ significantly decrease between block 1
and block 2 [Z =-3.473, p = .001, effect size (r) = .38] between block 1 and block 3
[Z =-3.127, p = .002, effect size (r) = .35] and between block 1 and block 4 [Z = -
3.622, p <.001, effect size (r) = .40] i.e. older adults became faster throughout the
test.
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Comparison of sex across blocks: Information processing speed

Table 18. Mean information processing speed (ms) across the four blocks in males
and females for older and young adults. Standard Deviation in parenthesis.

Block 1 Block 2 Block 3 Block 4

Older 566.71 543.01 546.65 545.54
male (97.80) (82.35) (86.33) (94.66)
Older 553.56 538.31 543.57 533.14
female (83.30) (91.24) (85.54) (93.21)
Young 462.87 465.93 465.08 464.07
male (60.48) (60.37) (68.32) (63.68)
Young 439.24 448.55 459.37 461.28
female (60.26) (57.90) (62.90) (63.06)

Young adults

In males, the Friedman test revealed no significant difference in RT across the four
blocks [p > .05]. In females, the Friedman test revealed a significant difference in RT
across the four blocks [X2 (3,n=49) = 14.96, p = .002, (Kendall’s W) = .102]. Post
hoc analysis revealed reaction time to increase significantly between block 1 and
block 3 [Z =-3.006, p = .003, effect size (r) = .43], between block 1 and block 4 [Z =
-2.715, p = .007, effect size (r) = .39] and between block 2 and block 4 [Z =-2.755, p
= .006, effect size (r) = .39] thus implies that young females are significantly slower

(and less consistent) throughout the test compared to young males.

Older adults

In older males, the Friedman test revealed a significant difference in RT across the
four blocks [X2 (3,n=34)=16.43, p=.001, (Kendall’s W) = .161]. Post hoc
analysis revealed reaction time to get faster significantly between block 1 and block
2 [Z =-3.333, p =.001, effect size (r) = .57], between block 1 and block 3 [Z = -
2.506, p = .012, effect size (r) = .43] and between block 1 and block 4 [Z =-2.261, p
=.024, effect size (r) = .39].

In females, the Friedman test revealed a significant difference in RT across the four
blocks [X2 (3, n=48) =12.29, p = .006, (Kendall’s W) = .085]. Post hoc analysis
revealed reaction time to get faster significantly between block 1 and block 2 [Z = -
2.191, p = .028, effect size (r) = .32] and between block 1 and block 4 [Z =-2.647, p
=.008, effect size (r) = .38] thus both older adult males and females (unlike young

adults) become faster as the number of trials increase.
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Intraindividual Variability: Choice RT

Age Comparison: Intraindividual Variability

Figure 19: Mean intraindividual variability (IIV) (ms) between young adults and

older adults.
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Mann-Whitney analysis revealed a significant difference between age groups; young
adults were significantly less variable compared to older adults [U = 1716, p < .001,
effect size (r) = .41].

Intraindividual variability and Subjective memory function

In older adults, Spearman’s rho revealed no significant correlation between
intraindividual variability and subjective memory function (Total MFQ score) [p >

.05].

Intraindividual variability and education level

For both young and older adults, intraindividual variability did not significantly

correlate with education [p values > .05].
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Intraindividual variability and Perceived test difficulty

In young adults, intraindividual variability significantly positively correlated with
perceived test difficulty [r = .344, p = .002]. As young adults found the test to be

more difficult, their information processing speed was more varied.

In older adults, there was no significant correlation between intraindividual

variability and perceived test difficulty [p > .05].

Sex comparison: Choice RT Intra-individual Variability

Figure 20: Box plot of mean intraindividual variability (IIV) between age (young

and older adults) and sex (male and female).
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Mann-Whitney analysis revealed no significant difference in reaction time variability

between males and females both in young adults [U = 585, p = .129] or in older
adults [U =800, p = .833].
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Intraindividual variability, anxiety and depression levels

For both young and older adults, intraindividual variability did not significantly

correlate with anxiety levels [p > .05] or depression levels [p > .05].

Intraindividual variability and objective cognitive performance (MoCA)

In both young and older adults, there was no significant correlation between IIV and

MoCA score (objective measure of general cognition) [all p-values > .05].

Comparison of age across blocks: Intraindividual Variability

Table 19. Mean intraindividual variability (ms) across the four blocks for older and
young adults.

Block 1 Block 2 Block 3 Block 4
Older 153.41 138.14 132.37 131.08
Young 97.34 107.44 101.06 104.58

In young adults, the table indicates some evidence of increasing variability across the
whole test. However the Friedman test revealed no significant difference in IIV

across the four blocks [X2 (3,n=79)="7.42, p =.060].

In older adults, the table indicates some evidence of reduced variability across the
four blocks. The Friedman test revealed a significant difference in IIV across the four
blocks [X* (3,n=82) =16.55, p =.001, (Kendall’s W) = .067]. Post hoc analysis
revealed reaction time variability to significantly decrease between block 1 and block
2 [Z =-2.429, p = .015, effect size (r) = .27], between block 1 and block 3 [Z = -
3.367, p = .001, effect size (r) = .37] and between block 1 and block 4 [Z = -3.682, p
<.001, effect size (r) = .41] thus older adults become less varied by the end of the

test.
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Comparison of sex across blocks: Intraindividual Variability

Table 20. Mean intra individual variability (ms) across the four blocks for males and
females in older and young adults.

Block 1 Block 2 Block 3 Block 4
Older
male 162.38 139.43 137.31 131.76
Older
female 147.06 137.22 128.88 130.59
Young
male 100.93 108.96 102.93 97.26
Young
female 95.14 106.52 9991 109.07

Young adults

In males, the Friedman test revealed no significant difference in IIV across the four
blocks [p > .05]. In females, the Friedman test revealed a significant difference in RT
variability across the four blocks [X? (3,n=49)=10.28, p = .016, (Kendall’s W) =
.07]. Post hoc analysis revealed reaction time variability to increase significantly
between block 1 and block 2 [Z =-2.462, p = .014, effect size (r) = .35] and between
block 1 and block 4 [Z =-2.180, p = .029, effect size (r) = .31] i.e. females becoming

more variable throughout the test.

Older adults

In males, the Friedman test revealed a significant difference in IIV across the four
blocks [X* (3,n=34) =10.52, p =.015, (Kendall’s W) = .103]. Post hoc analysis
revealed IIV to decrease significantly between block 1 and block 2 [Z =-2.325,p =
.020, effect size (r) = .40], between block 1 and block 3 [Z =-2.082, p = .037, effect
size (r) = .36] and between block 1 and block 4 [Z = -2.855, p = .004, effect size (r) =
.49] i.e. males becoming less variable throughout the test. In females, the Friedman

test revealed no significant difference in IIV across the four blocks [p > .05].

182



Choice RT: Errors

Overall mean number of errors: Age comparison

Table 21: Overall mean number of errors in Choice RT for young and older adults.
Standard deviation in parenthesis.

Total
Mean
2.55
Older (3.22)
4.10
Young (3.30)

Mann Whitney analysis revealed a significant difference in overall mean errors
between young and older adults [U = 2107, p < .001, effect size r = .30]. Young
adults made significantly more errors overall compared to older adults despite being

faster.

Spearman’s rho analysis revealed no significant correlations between overall mean
number of errors and mean information processing speed, 1IV, educational level (in

years), subjective memory function or perceived test difficulty [all p values > .05].

Overall mean number of errors: Age and sex comparison

Table 22. Overall mean number of errors for young males and females and older
adult males and females. Standard deviation in parenthesis.

Overall Mean
3.67
Young Males (3.40)
4.37
Young Females (3.24)
4.37
Older Males (3.24)
2.75
Older Females (3.56)

Mann Whitney analysis revealed no significant difference in overall mean errors
between males and females in both young adults [U = 608, p =.195] and older adults
[U=795.5, p=.844].
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Mean number of errors across blocks: age comparison

Table 23: Mean number of errors (incorrect responses) across the four blocks in

young and older adults. Standard deviation in parenthesis.

Block 1 Block 2 Block 3 Block 4
0.55 0.70 0.71 0.60
Older (0.80) (1.84) (1.76) (1.73)
0.95 1.08 0.90 1.18
Young (1.00) (1.11) (0.94) (1.84)

Figure 21. Bar chart of the mean number of errors across the four blocks for older
and young adults
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In young adults Table 21 and Figure 21 indicate a greater number of errors were
made in Block 4 implying young adults was less accurate in their performance by the
end of the test. However the Friedman test revealed no significant difference in the
mean number of errors across the four blocks [X2 (3,n=79)=1.44, p =.967]

implying no significant difference in accuracy throughout the test.
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In older adults it was indicated that a greater number of errors were made in Block 2

and Block 3 (see Table 21 and Figure 21). However the Friedman test revealed no

significant difference in the mean number of errors across the four blocks [X2 (3,n=

82) = 1.13, p = .770] implying no significant difference in accuracy throughout the

test. .

Mean number of errors across blocks: age and sex comparison

Table 24: Mean number of errors (incorrect responses) across the four blocks for

males and females in young and older adults

Block 1 Block 2 Block 3 Block 4

Older 0.38 0.41 1.03 0.44

male (0.65) (0.50) (2.61) (0.56)
Older 0.66 0.9 0.5 0.71
female (0.88) (2.35) (0.65) (2.22)
Young 0.7 1.13 1.0 0.9

male (0.88) (1.01) (0.96) (1.28)
Young 1.1 1.04 0.9 1.4
female (1.05) (1.17) (0.94) (2.10)

Figure 22. Bar chart of the mean number of errors across the four blocks for males

and females in young and older adults
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Young adults

In males, the Friedman test revealed no significant difference in the mean number of
errors across the four blocks [X* (3, n = 30) = 5.82, p = .121] implying no significant
difference in accuracy throughout the test. In females, the Friedman test revealed no
significant difference in the mean number of errors across the four blocks [X2 (3,n=
49) = 2.47, p = .480] implying no significant difference in accuracy throughout the

test.

Older adults

In males, the Friedman test revealed no significant difference in the mean number of
errors across the four blocks [X* (3, n = 34) = 2.14, p = .544] implying no significant
difference in accuracy throughout the test. In females, the Friedman test revealed no
significant difference in the mean number of errors across the four blocks [X2 3,n=
48) = 1.82, p = .611] implying no significant difference in accuracy throughout the

test.
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4.6. DISCUSSION

In the current study Simple RT and Choice RT tests were used to examine the
integrity of information processing speed and IIV between young and older adults
and the potential effects of subjective memory function, perceived test difficulty,

educational level, sex and trial number (Choice RT only).

Information processing speed

Age comparison: information processing speed
Simple RT

In the Simple RT test, information processing speed was significantly slower in older
adults compared to young adults in response to a target which was pre-warned with a
visual cue of coloured circles and written instruction. These age effects support past
research finding information processing speed associated with pre-warned arrival of
objects to slow with age during a Simple RT test [Ferreira et al, 2014; Deary et al,
2011; Bugg et al, 2006; Krieg et al, 2001; Wilkinson & Allison, 1989]. The slowing
of information processing speed implies the slowing of encoding ability in older
adults [Simon & Pouraghabagher, 1978] i.e. the ability to prepare, organise and
execute a response [ Vrtunski et al, 1983]. In addition, the result indicates that this
type of processing significantly slows in older compared to younger adults even

when the target arrival has been pre-warned.

In contrast, the results contradict past studies which found no significant differences
between young and older adults [Nettleback et al, 2014; Dodonova & Dodonov,
2013]. This may highlight variability of outcome between studies i.e. participant
demographics and largely due to the use of different Simple RT paradigms in
previous studies compared to the current Simple RT study i.e. the inclusion of visual
cues. Visual cues may have enhanced the processing of the target stimulus
[Fernandez-Duque & Posner, 1997] thus producing faster responses compared to
studies which did not use cues before a target response thus reducing ageing effects

(contrary to ageing effects found in the current study).
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Choice RT

In the Choice RT test, older adults were also found to be significantly slower in their
RT performance compared to young adults. This result supports previous studies
finding information processing speed slowing with age during a Choice RT test
[Woods et al, 2015; Bugg et al, 2006; Der & Deary, 2006]. Again the slowing in
older adults implies slowing in the ability to prepare, organise and execute a response
i.e. encoding ability [Vrtunski et al, 1983; Simon & Pouraghabagher, 1978] even
when the target arrival has been pre-warned with a visual cue. In addition since the
current choice RT test included an added decision component, slowed information
processing speed in older adults implies that older adults find it more challenging to
make quick decisions between stimuli and responses [as discussed in Bugg et al,

2006] i.e. deciding which keyboard response corresponded to each stimulus.

Although we could not find any contradicting studies i.e. finding no age effect during
ageing, previous supporting studies (and in comparison to the current study)
contained variations to methodology. For example, the current paradigm was
designed to replicate the method used by Ballesteros and colleagues [2013] however
differences in methodology included smaller sample sizes and the inclusion of other
tests and participant groups (i.e. Mild cognitive impairment). Other studies used
narrow or age ranges (age groups not separated) or included larger participant groups
compared to the current study [Woods et al, 2015; Der & Deary, 2006] despite our
intention to include large groups of both young and older adults. This may have
resulted in the current study being less representative of the population. In contrast,
not all past Choice RT studies examined the potential influence of other factors on
information processing speed i.e. sex, education and particularly did not address the

potential influence of subjective memory function and perceived test difficulty.
Choice RT Information processing speed across blocks: age and sex

In the Choice RT test, information processing speed was examined across each of the
four blocks in order to examine how the number of trials per se influences
information processing speed and whether influence, if any, is affected by sex i.e.

differences between males and females.

Information processing speed in young adults increased significantly from the first
block to the last block i.e. young adults slowed down throughout the test. In contrast,
information processing speed in older adults decreased significantly from the first

block to the last block i.e. sped up.

188



We speculated that in the first block, older adults were not familiar with the task thus
using different strategies to make sense of it. However by the second block, they had
settled into the task and benefitted from practice. Arguably therefore, adults are not
necessarily faster per se but are influenced more so than young adults by different
factors contributing to task performance i.e. practice. The number of trials for older
adults may have helped improve performance or learning, enough to improve
information processing speed. This may have implications on the number of trials
which should be used in RT tests or in clinics using RT as a measure (single trials or
multiple trials) if older adults require greater exposure i.e. more trials to reach

maximum efficiency.

Despite a decrease in processing speed, older adults started off with slower RT and
were significantly slower in their overall RT performance compared to young adults.
This may suggest the factor of the number of trials may have an effect (and should be
taken into account) within young or older adult performance but does not have a
greater effect on overall RT performance between young and older adults. Indeed
effect sizes for the differences in RT between young and older adults were similarly

large between trial blocks and for overall mean RT performance in Choice RT.

When comparing sex across the blocks, information processing speed in young males
did not differ significantly across the four blocks of trials. However, information
processing speed in young females significantly increased across the four blocks of
trials i.e. started faster than slowed throughout the trials. This may imply that young
males are faster than females during a Choice RT test however when comparing sex
independently of age, there was no significant sex effect on RT found between young

males and females.

In older adults, information processing speed significantly decreased across the four
blocks of trials i.e. started slower then became faster throughout the trials in both
males and females although in females decrease was not as gradual. This implies that
older adult male and female information processing speed is similar to one another.
This was supported when comparing sex independently of age as there was no
significant sex effect found between older adult males and females. This implies that
neither sex benefit from the number of trials but rather older adults in general may

benefit i.e. improve their RT across trials.
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To our knowledge, information processing speed and has not be examined across
blocks in relation to differences between young and older adults and between sexes
thus the results in this study cannot be compared with previous Choice RT studies.
Further investigation is required to determine whether the results in this study are

replicable.

Subjective memory function and information processing speed

There was no significant relationship between information processing speed and
subjective memory function in both the Simple RT test and the Choice RT test.
Whether or not older adults perceived changes to their memory, their judgement did
not appear to influence actual performance i.e. information processing speed for

either the Simple RT or Choice RT test.

Therefore, we speculate that since there is a close relationship between information
processing speed and structural change i.e. reduced white matter, any slowing of
information processing speed is unlikely to relate to detrimental structural change.
This is supported by the fact that the majority participants in this study reporting
subjective memory changes performed to ‘normal’ levels in objective testing (MoCA
score) [see similar discussion in Chapter 2 &3 and in Torrens-Burton et al, 2017].
Consequently, we speculate that information processing speed in ostensibly healthy
older adults perceiving memory changes, remains at ‘normal’ levels during the both
the Simple and Choice RT tests. However there were a minority of older adults with
lower MoCA scores which may imply abnormality with general cognition although

we only used one test of general cognition thus further assessment is required.

In addition we speculate that subjective memory function did not relate to greater
levels of anxiety as levels in older adults were within a normal range and did not
correlate with RT and IIV scores. In contrast subjective memory function did
correlate with depression levels with older adults who perceived greater changes to
memory function had higher levels of depression. This is plausible as individuals
noticing changes to memory function, particularly negative changes, would have an
effect on mood. However the levels of depression in these older adults were still
within a normal range and neither anxiety or depression levels had a significantly
effect on information processing speed or IIV in older adults. The results contradict
previous studies finding a relationship between subjective complaints and cognitive
impairment [Reed, 2010; Cook & Marsiske, 2005; Earles & Salthouse, 1995;

Schofield et al., 1997; Grut et al., 1993].
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It is however, difficult to make direct comparisons between these studies which
compared different cognitive functions to the current study i.e. information
processing speed as well as examined SCI and not subjective memory function. In
contrast, the current results support the findings from the visual search test (see
Chapter 2) and the TMT (see Chapter 3) by not finding an association between
subjective memory function and information processing speed. Therefore, this
supports the speculation that perceived memory changes in ostensibly healthy older
adults are not influential on information processing speed in visual attention tests due
to any underlying detrimental structural change. However, we did not have access to
brain scans and we were unable to perform any follow up assessment therefore it
cannot be said whether those with perceived changes to memory function indeed
decline further. In addition different participants were used in the visual search test

thus it is difficult to make direct comparisons with Simple and Choice RT.

There is the possibility that finding no relationship between information processing
speed and subjective memory function relates to the Simple and Choice RT tests not
being sensitive enough to detect any functional changes between older adults despite
them perceiving changes to their memory. In addition finding an effect of subjective
memory function may still depend on the type of visual attention test being measured
since the current results can only account for the Simple RT test and the Choice RT
test. Therefore, other visual attention tests will be examined to determine whether
similar findings between information processing speed and subjective memory

function are found across tests.

However, in the Simple RT test (in contrast to the Choice RT test), some older adults
produced RT values which were significantly slower than the mean score. These
outliers differed from the extreme scores removed before analysis as they did not
relate to any extraneous noise. This may imply disproportionate slowing regardless
of perceiving changes to memory function and may be reflecting underlying
structural change. If this is the case, these individuals cannot be used within healthy
control groups as they may be skewing the mean result of what is considered to be a
‘normal’ level of slowing in healthy older adults during the Simple RT test.
Consequently, results of healthy control groups in the Simple RT test may be
misinterpreted. Further assessment and follow up in these particular individuals will

be of interest to observe whether these individuals are of clinical significance.
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Information processing speed and perceived test difficulty
Simple RT

Information processing speed did not significantly correlate with perceived test
difficulty for both young and older adults. However difficult young and older adults
perceived the Simple RT test to be, this did not reflect in how quickly they

performed the test.

As far as we are aware, perceived test difficulty has not been examined with
information processing speed of young and older adults in previous Simple RT
studies thus we cannot make any comparisons with the current study. However,
finding no influence of perceived test difficulty in young adults supports the findings
from the visual attention tests examined in previous chapters (see Chapter 2 and 3)
which also did not find perceived test difficulty to be associated with RT in young
adults. In contrast, finding no relationship in older adult results contradicts the
finding from the previous chapters i.e. visual search (Chapter 2) and the TMT
(Chapter 3) which found an association between information processing speed and
perceived test difficulty. This highlights outcome variability between different visual
attention tests i.e. results depend on the type of test used which we aimed to examine

by comparing different visual attention tests to each other.

We speculate that self-assessment or judgement i.e. how people perceive the
demands of the test to be, may not always reflect actual performance thus other
factors influence slowed information processing speed during Simple RT i.e. ageing
effects. In addition, the Simple RT was considered easy to perform by both young
and older adults thus the range of test difficulty scores was narrow which may
explain why no relationship was found. However, in this Simple RT study only one
example of psychological factors was examined against information processing
speed (perceived test difficulty). It may be possible that if young and older adults
were examined against other factors of self-assessment, the relationship with

information processing speed may differ.
Choice RT

In young adults, there was a relationship between perceived test difficulty and
information processing speed. As young adults found the test to be more difficult,
their information processing speed slowed. This result implies that young adults’ self
assessment or judgement of the demands of the task (during test performance) is

related to information processing speed.
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This supports the concept that demands of the task (as well as judgement of own
abilities) can affect the outcome of a task (in this case the speed of performance)
[Flavell, 1979]. Perceiving a test to be difficult can negatively affect mood which in
turn can have a negative impact on information processing speed [Bolmont, et al,

2000].

In contrast, this result contradicts finding no relationship between perceived test
difficulty and information processing speed in Simple RT test (as described above)
and in the TMT (Chapter 3) and the visual search test (Chapter 2). As with the
Simple RT test, this highlights outcome variability between different visual attention
tests i.e. results depend on the type of test used which we aimed to examine by
comparing different visual attention tests to each other. As far as we are aware,
perceived test difficulty has not examined with information processing speed in
previous Choice RT studies thus we cannot make any comparisons of older adults

with the current study.

We speculated that judgement of test difficulty reflected actual performance in young
during Choice RT (and not Simple RT) due to the Choice RT test being more
complex compared to the Simple RT test i.e. including additional executive decision
making function. In addition, the Choice RT test produced a greater range of test
difficulty scores thus may provide an explanation as to why a relationship was found
between perceived test difficulty and information processing speed. Past Choice RT
studies examining information processing speed in young adults may have been
misinterpreted if young adults’ judgement about test difficulty appears to influence
how quickly they perform the test. However, it must be noted that the effect size of
this result was small therefore the result may not be very robust thus may not be very

reliable.

In older adults, information processing speed did not significantly correlate with
perceived test difficulty. However difficult older adults perceived the Choice RT test
to be, this did not reflect in how quickly they performed the test. We speculate that
no relationship was found between perceived test difficulty and information
processing speed in older adults because other factors are more influential on slowed
information processing speed during Simple RT i.e. ageing effects. Although in the
current Choice RT study only one example of a psychological factor was examined
against information processing speed (perceived test difficulty). It may be possible
that if older adults were examined against other factors of self-assessment, the

relationship with information processing speed may differ.
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Education and information processing speed

In both the Simple RT and Choice RT tests, there was no significant effect of
education on information processing speed in both young and older adults. This
result supports some studies who found no education effect in both the Simple RT
test [Deary et al, 2001] and in the Choice RT test [Woods et al, 2015; Deary et al,
2001] and contradicts other past evidence that higher education is associated with
faster information processing speed during both the Simple RT test and the Choice
RT test in young and older adults [Houx & Jolles, 1993]. This outcome variability
may reflect different methodology used between studies. Different paradigms have
been used for both the Simple RT and Choice RT tests which may have varied in
complexity i.e. type and speed of stimuli. Past studies [Woods et al, 2015; Der &
Deary, 2006] have also included larger sample sizes compared to the current study
(despite our intention to include large groups) which may provide a greater

representation of the population.

Some studies [Deary et al, 2001; Lahtela et al, 1985] only examined information
processing speed in older adults with no comparison to young adults i.e. a measure of
ageing. Therefore it may be difficult to make conclusions about the effects of

education on information processing speed during ageing.

A great difference when examining the effect of education on information processing
is that past studies grouped education between low levels (0- 11 years) and high
levels (11 years +) [following Verhage, 1965]; a method which the current study did
not replicate. There is an issue with splitting education in this way as in young adults
there would be a narrower range of education levels compared to older adults [as
suggested by Tun & Lachman, 2008] due to the few years of further education young
adults have reached compared to older adults. This is especially true for the current
study as the young adult population were not as advanced in their years of further

education compared to the older adult population.

We attempted to match education as far as possible across both groups thus the range
was narrow although still varied enough to be investigated. Interestingly there was in
influence of education on information processing speed for older adults found in
visual search despite this narrow educational range (see Chapter 2). This may imply
that the Simple and Choice RT tests are not sensitive enough to find an effect of
education within this narrow educational range as found with the TMT test (see

Chapter 3).
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Alternatively, different tests have components which are differentially affected by
education. Therefore, we may speculate that finding no effect of education in the
Simple and Choice RT tests may be due to other factors such as age having a greater

effect on information processing speed.
Sex and information processing speed

In both the Simple RT and Choice RT tests, there was no significant effect of sex on
information processing speed for young and older adults. The results do not support
previous findings that males are faster than females during the Simple RT [Karia et
al; 2012; Roivainen, 2011; Krieg et al, 2001; Fozard et al, 1994; Bleecker et al, 1987;
Lahtela et al, 1985] and Choice RT [Dykiert et al, 2012; Karia et al, 2012] and as
found in young adults [Karia et al, 2012] and older adults [Dykiert et al, 2012;
Fozard et al, 1994].

Differences in methodology between the previous studies and the current study may
account for the variability in outcome. For example in the current Simple RT test, the
paradigm contained different stimuli compared to previous simple RT studies i.e.
stimuli mirroring real world situations which require a rapid response. Using real life
stimuli may be more relatable thus responded to more efficiently. Sample sizes in
some previous studies were smaller thus previous results to compare with the current
study may have not been generalizable. In addition, finding no sex effect on
information processing speed may have been due to the ratio of males and females
available for comparison. For both young and older adults, there was a female bias in
the participant sample thus it would be useful to repeat the test with a greater number

of males to observe whether the same findings are still true.

The results in the current Simple and Choice RT tests support each other and the
TMT in the previous chapter (Chapter 3). Similar influences of sex related to
information processing speed between both tests and the TMT may relate to the fact
that the majority of the same young and older participants completed both tests.
Despite there being a small number of individuals (both older and young adults) who
differed between the TMT, Simple and Choice RT, this did not appear to result in
significant differences in results when comparing each test with one another. This
indicates that any differences, if any, are related to the teak and not the participants.
In contrast finding contradicting results of sex in the Simple RT, Choice RT tests and
the TMT compared to the visual search test (Chapter 2) may relate to completely

different participant samples used during the visual search test.
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Subjective memory function and Perceived test difficulty

In both the Simple RT test and the Choice RT test, a relationship was found between
subjective memory function and perceived test difficulty. As older adults perceived
greater changes to their memory (low MFQ score) the more difficult the Simple RT
test and the Choice RT test was perceived to be. This result supports our speculation
that if older adults believe their cognition to be poor, they would assume that tests
will be more difficult to perform as a result as poor cognition will impair the ability

to perform a cognitive task well enough.

This relationship was examined separately between both tests as there were a few
participants who differed between them despite trying to use same people in order to
determine whether results are similar between tests. Since both tests found a
relationship between subjective memory function and perceived test difficulty, the

slight differences in participants may not have been influential on the overall result.

It must be noted that the effect size of the relationship in Simple RT was small
therefore the result may not be very robust thus the outcome being very reliable. In
comparison, the effect size of the relationship in Choice RT was greater which may

imply that the Choice RT test is more robust thus more reliable than the Simple RT.

Educational level and perceived test difficulty

In both the Simple RT test and the Choice RT test, there was no relationship found
between educational level and perceived test difficulty in both young and older
adults. How difficult the Simple or Choice RT test was perceived to be, this did not

relate to the level of education (in years) either young or older adults had.

We speculated that those with greater years of education would judge the demands of
the test to be low due to higher levels of education being beneficial for test
performance i.e. higher levels of motor skill or concentration help tests appear less
difficult. However, finding no relationship between educational level and perceived
test difficulty may be due to the Simple and Choice tests being designed to be
relatively simple to complete. As a result, education level may not account for how
difficult the both tests were perceived to be by both young and older adults. Indeed,
young and older adults rated the Simple and Choice RT test to be easier to complete

compared to other tests i.e. the TMT and visual search.
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As far as we are aware there are few, if any, Simple and Choice RT studies which
have examined education against perceived test difficulty or other psychological
factors. Therefore, further research is required to examine whether other
psychological factors other than perceived test difficulty may relate to the level of
education in young and older adults and whether similar findings occur across other

visual attention tests.

Educational level and subjective memory function
Simple RT

In the Simple RT test, there was no relationship between subjective memory function
and educational level in older adults. This result supports the findings of the visual
search test (see Chapter 2) where education did not correlate with perceived changes
to memory function although the participant sample differ between the two tests. In
contrast, the result contradicts those found in the TMT (see Chapter 3) i.e. lower

levels of education related to less perceptions of change to memory function.

This variability of outcome between tests may highlight that finding a relationship
between subjective memory function and educational level in older adults may
depend on the type of test used. A similar relationship had also been found between
education and perceived test difficulty. It was speculated that subjective memory
function is also a psychological factor i.e. self-assessment of memory function [as
discussed above]. This may provide an explanation as to why no relationship was
also found between educational level and subjective memory function i.e.

psychological factors do not relate to educational level.

Choice RT

For the Choice RT test, educational level significantly correlated with subjective
memory function in older adults. Lower levels of education related to less
perceptions of change to memory function. Therefore, older adults with higher levels
of education are likely to perceive their memory is getting worse. This result differs
to the Simple RT test (above) and the visual search (Chapter 2) finding no
relationship but supports the TMT (Chapter 3) finding a negative correlation between

educational level and subjective memory function.
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As with the TMT, the result may suggest that older adults with higher education are
more judgemental about their memory function. In contrast, it may suggest that older
adults with higher education are possibly more aware or have greater understanding

of the quality of their memory function.

Finding a relationship in the Choice RT (and not in the Simple RT) again highlights
outcome variability between tests and implies differences due to test complexity (the
Choice RT being more complex compared to the Simple RT). It must be noted that

the sample size was small thus the result may not be very robust and reliable.

Intraindividual variability

Age comparison: intraindividual variability

In the Simple RT test, older adults produced greater IV i.e. more variable
information processing speed compared to young adults. This supports previous
studies finding older adults to be more variable in simple RT tasks [Bielak et al,

2014; Inui et al, 1997] compared to young adults [Fozard et al, 1994].

In the Choice RT test older adults also produced greater IIV compared to young
adults. This supports previous Choice RT studies finding an increase in IIV as age
increased [Bielak et al, 2014; Dykiert et al, 2012; Der & Deary, 2006] thus implying
poorer variability of information processing speed during ageing thus poorer
integrity of underlying central nervous system (CNS). Greater variation of
information processing speed during the Choice RT has been argued to be a
reflection of the task being more complex thus requiring greater processing load [Der

& Deary, 2006].

Intraindividual variability across blocks: age and sex

IIV was examined across each of the four blocks in order to examine how the
number of trials per se influences IIV and whether influence, if any, is affected by

sex i.e. differences between males and females.

In young adults, IIV did not significantly differ between the four blocks implying
that their RT performance was consistent throughout the test thus were not affected
by any practice effects or fatigue which may influence variation of information

processing speed.
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In contrast, a significant difference of IIV was found between blocks in older adults.
Older adults were more variable in their RT performance during the first block but
became less varied by the second block and remained consistently less varied until
the end of the test thus improved information processing speed. This suggests, as
with information processing speed, that in the first block older adults were not used
to the task thus having different strategies to make sense of the task. However by the
second block, they had settled into the task and benefitted from practice which again
may suggest that the number of trials for older adults may have helped improve
performance or learning, enough to improve IIV. Arguably therefore, older adults
are not necessarily less variable per se but are influenced more so than young adults

by different factors contributing to task performance i.e. practice.

In contrast when examining the test overall, older adults were significantly more
varied in their overall RT performance compared to young adults. We speculate that
greater IIV in older adults highlights poorer variability of information processing
speed thus poorer integrity of underlying CNS. Finding effect of IIV in ageing may
depend on whether measuring overall mean IIV or examining the number of trials.
Therefore this may have to be taken into account in future Choice RT research

studies and possibly clinical studies.

When comparing sex across blocks, IIV in young males did not differ significantly
across the four blocks of trials implying that their RT performance remained
consistent. However, IIV in young females significantly increased i.e. RT
performance became more varied across the four blocks of trials. This may imply
that young males are more consistent during the Choice RT test compared to
females. However, when comparing sex with overall IIV independently of age, there
was no significant sex effect found between young males and females which may

imply that the numbers of trials need to be examined specifically to find a sex effect.

In older adults, IV significantly decreased i.e. RT performance was less varied
across the four blocks of trials in males implying their performance improved
throughout the test. In contrast there was no significant difference in IIV across
blocks in older adult females implying their RT performance remained consistent
throughout the Choice RT test. The number of trials does not appear to assist

performance or learning and thus have an influence on II'V.
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As with young adults, when comparing sex with IIV independently of age, there was
no significant sex effect found in overall test IV between older adult males and
females, again implying that examining the number of trials has an effect on finding

differences of IIV between males and females.

Subjective memory function and intraindividual variability

In older adults, there was no significant relationship between IV and subjective
memory function in both the Simple RT test and the Choice RT test. Whether or not
older adults perceived changes to their memory, this did not appear to influence the
variation of participants’ information processing speed for either the Simple RT test

or the Choice RT test.

We would speculate that if the integrity of information processing speed is poor (i.e.
increased IIV) this may reflect impairment to cognitive function thus older adults
would perceive their memory function to be worse. However perceived changes to
memory did not influence IIV. Therefore, IIV remains at ‘normal’ levels expected in
ostensibly healthy older adults. However as mentioned above, we did not have access
to brain scans and we were unable to perform any follow up assessment therefore it
cannot be said whether those with perceived changes to memory function indeed

decline further.

As far as we are aware, past Simple and Choice RT studies have not included a
measure of subjective memory function and II'V therefore we cannot make
comparisons compare the current results. The current IIV result supports finding no
relationship between subjective memory function and IIV during the visual search
test (see Chapter 2) although it must be highlighted that visual search used a different
sample of participants to the Simple and Choice RT tests.

However as similar results were found (i.e. a lack of relationship between IIV and
subjective memory function), this supports the speculation that perceived memory
changes in ostensibly healthy older adults are not influential on the variation of
information processing speed (IIV) in visual attention tests. In contrast, finding an
effect of subjective memory function on IIV may still depend on the type of visual
attention test being measured. We cannot make comparisons with the TMT since the
test contained a single trial thus IIV could not be measured. Therefore, other visual
attention tests using multiple trials will be examined to determine whether similar

findings between IIV and subjective memory function are found.
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It must also be noted that as with the RT scores, there were some older adults
producing significantly greater IIV during the Simple and Choice RT tests i.e. these
individuals were significantly more varied than the mean score. Again these outliers
differed from the extreme scores removed before analysis as they did not relate to

any extraneous noise.

This may imply significantly poorer integrity of information processing speed
regardless of perceiving changes to memory function and may be reflecting
underlying structural change. If this is the case, these individuals cannot be used
within healthy control groups as they may be skewing the mean result of what is
considered to be a ‘normal’ level of variation in healthy older adults during the
Simple and Choice RT tests. Consequently, results of healthy control groups in the
Simple and Choice RT test may be misinterpreted. Further assessment and follow up
in these particular individuals will be of interest to observe whether these individuals

are of clinical significance.

Perceived test difficulty and intraindividual variability
Simple RT

In the Simple RT test, there was no significant relationship found between perceived
test difficulty and intraindividual variability for both young and older adults. How
difficult the Simple RT test was perceived to be did not relate to how varied RT
performance was in young and older adults. This result was similar to the
relationship found between in information processing speed thus as speculated
above, self-assessment or judgement i.e. how people perceive the demands of the test
to be, does not reflect actual performance. Also mentioned above, Simple RT was
considered easy to perform by both young and older adults thus the range of test
difficulty scores was narrow which may also explain why no relationship was found

with IIV.

As far as we are aware, perceived test difficulty has not been examined with IIV of
young and older adults in previous Simple RT studies thus we cannot make any
comparisons with the current study. The current result supports the visual search test
which also found no relationship between IV and perceived test difficulty in young
and older adults (see Chapter 2) although it must be noted that participant samples

differed between the two tests.
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Finding an effect of perceived test difficulty on IIV may still depend on the type of
visual attention test and the type of psychological factor being measured. Therefore,
other visual attention tests using multiple trials will be examined to determine

whether similar findings between IIV and perceived test difficulty are found.

Choice RT

In the Choice RT test, perceived test difficulty positively correlated with IIV in
young adults. As young adults perceived the Choice RT test to be more difficult, [TV
(variation of RT performance) increased. This result relates to the concept that the
demands of the task can affect the outcome of a task (in this case the variation of
performance). As with information processing speed, finding a relationship during
the Choice RT and not the Simple RT test may relate to the Choice RT being more

complex in comparison.

The Choice RT test produced a slightly greater range of test difficulty scores thus
may provide an explanation as to why a relationship was found between perceived
test difficulty and information processing speed in the Choice RT test. This result
does not support the visual search test (see Chapter 2) which found no relationship
between IIV and perceived in young adults (although participant samples differed
between tests). The Choice RT test cannot support or contradict the TMT as I1IV
could not be measured since it contained only one trial. In addition, to our knowledge
perceived test difficulty has not been examined with IIV of young adults in previous

Choice RT studies thus we cannot make any comparisons with the current study.

In older adults, ITV did not significantly correlate with perceived test difficulty. How
difficult older adults perceived the Choice RT test to be, did not reflect in how varied
their information processing speed was throughout the test. This result supports the
visual search test (Chapter 2) finding no relationship between IIV and perceived test
difficulty in older adults thus highlighting that finding a relationship between IIV and
perceived test difficulty in older adults may depend on the type of visual attention

test used.

As speculated with information processing speed, no relationship between perceived
test difficulty and IIV may be a result of other factors being more influential on the

variation of information processing speed during the Choice RT i.e. ageing effects.
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However, in the current Choice RT study only one example of a psychological factor
was examined against information processing speed (perceived test difficulty). It
may be possible that if older adults were examined against other factors of self-

assessment, the relationship with information processing speed may differ.

Education and intraindividual variability

In both the Simple RT and Choice RT tests, there was no significant relationship
between educational level (in years) and IV for young and older adults. A lack of
relationship was also found between educational level and information processing

speed.

The current result supports the TMT (Chapter 3) finding no influence of education on
IV in young adults. In contrast, the results contradict the findings of older adults
during visual search which found a greater level of formal education (in years) was
related to less variation of reaction time. Outcome variability in the older adult
population may relate to the sample size being larger in the Simple and Choice RT

tests and a different population of older adults included in the visual search test.

We could only make speculations about the current results at present as, few, if any,
previous Simple and Choice RT studies to our knowledge have examined education

level and IV thus comparisons cannot be made with the current results.

Sex and intraindividual variability

In both the Simple RT and Choice RT tests, there was no effect of sex on II'V for
young and older adults. This result was also found in information processing speed

for both tests and age groups.

The current result suggests that in young and older adults, males are as consistent as
females in their RT performance during Simple and Choice RT. This contradicts past
Simple and Choice RT studies finding IIV to be greater in females [Bielak et al,
2014; Dykiert et al., 2012; Der & Deary, 2006; Silverman, 2006; Reimers & Maylor,
2006]. The current result also contradicts the visual search test in this thesis (Chapter
2) again highlighting the variability of study outcome possibly due to uneven ratio of
males and females in the current study, differences in sample sizes and participant

groups during the visual search.
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Number of Errors
Simple RT

During the Simple RT test, errors were associated with responding before the
stimulus appeared on the screen once both visual cues were presented. These
anticipatory presses were greater in young adults compared to older adults thus may
be highlighting greater alerting affects in young adults although the difference did
not reach significant level not did the difference in error numbers between males and
females in both young and older adults. However information processing speed of
impulsive responses does not necessarily represent the speed of processing a target if

the target has not yet been presented on the screen after the visual cues.

The Simple RT test was designed for participants to be prepared for the target (i.e.
being alert after visual cues) but not to respond until the target was presented. The
style of the task itself provided greater opportunity for impulsive responses i.e. use of
the traffic lights in visual cues and target stimulus. As the order was very
recognisable for participants this made it easy to anticipate when the next target
would appear and therefore press before the target actually appeared. Future versions
of the current Simple RT paradigm may benefit from a warning message to

participants if they responded too early.

It must be noted that with computers there is a minute delay between a persons’
natural reaction time to a stimulus and the time it takes for the software to record the
RT when keyboard button is pressed. This is not a significant amount and usually
corrected for during programme development however it is important to keep in

mind when measuring and comparing computer based reaction time tasks.

Choice RT

During the Choice RT test, there were six older adults and two young adults who had
to be eliminated from analysis due to their error rate being too high (over 20%). In
older adults, this may be a sign of significant negative changes occurring in their
cognitive processing although in young adults error rates may reflect impulsivity to
complete the task quickly despite the need for accuracy or a lack of concentration to
which response was required for each stimulus. Only one of the eliminated older
adult participants had a low MFQ score i.e. expressed memory concerns. Therefore it
may be of interest to further assess this participant to observe whether any further

cognitive decline is occurring.
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In error trials, when they saw either the ‘X’ or ‘O’ stimulus, the participant pressed
the key designated to the opposite stimulus instead of the one designated to the target
at that point on the screen. Errors were likely due to forgetting which key was
designated to which stimulus thus we speculated that later blocks would have had
fewer errors as participants were reminded which keys to use in their response.
Accuracy of the test may have been improved by having response buttons that match
the letters of the stimuli. Indeed it was mentioned by older adult participants
especially that the incongruence between the stimuli and the response key were
confusing. This confusion could highlight older adults demonstrating detrimental

change in their ability to process multiple pieces of information.

The mean number of errors was not significantly different across blocks in older
adults despite it being indicated that a greater number of errors in Block 2 and Block
3 (see Table 21 and Figure 21) nor was there a significant difference in males and
females. In addition mean number of errors were not significantly different across
blocks in young adults although it was indicated that a greater number of errors were
made in Block 4 (see Table 21 and Figure 21) nor was there a significant difference

in males and females (see Table 22 and Figure 22)

In contrast, when comparing young and older adults with overall mean error, young
adults made significantly more errors compared to older adults. This implies that
error rate in young and older adults may depend on how the numbers of trials are
examined (whether examined overall or across blocks of trials). Therefore, it may be
important for future Choice RT studies to include the effects of trial numbers on
error rates and on RT as how the numbers of trials are analysed may produce

different effects on information processing speed.

When comparing mean error to RT, in young adults females were slower throughout
the test which implies a speed/accuracy trade-off with females focusing on accuracy
rather than speed. In older adults, males and females were faster throughout the test
this implying a focus on both accuracy and speed. Overall, young adults were
significantly faster compared to older adults but made significantly more errors. This
implies that in relation to the speed/accuracy trade-off, young adults may have a
tendency to focus on speed rather than accuracy whereas older adults focus on

performing the test correctly rather than quickly.
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Outliers

In the Simple RT test, outliers were observed in information processing speed and
IV for both older and young adults, with more extreme scores found in young
adults. In the Choice RT tests, outliers were observed in RT in young adults only and
in both age groups outliers were observed in RT variability. These outliers differed
from the extreme scores removed before analysis as they did not relate to any
extraneous noise. The outlier values in the young adults during both tests may be less
likely to reflect significant cognitive impairment but possibly due to fatigue or a lack
of concentration. Although it must also be considered that these young adults
producing significantly slower information processing speed were poor at performing

the test and possibly experiencing further cognitive impairment.

In older adults, these outlier values may imply disproportionate slowing regardless of
perceiving changes to memory function and may be reflecting underlying structural
change. If this is the case, these individuals cannot be used within healthy control
groups as they may be skewing the mean result of what is considered to be a
‘normal’ level of slowing in healthy older adults during the Choice RT test.
Consequently, results of healthy control groups in the Choice RT test may be
misinterpreted. Further assessment and follow up in these particular individuals will
be of interest to observe whether these individuals are of clinical significance thus it

may be important to highlight outliers in RT research.

Study Limitations

In the Simple RT test, the paradigm was programmed to repeat the trial if the
participants responded before the target stimulus appeared on the screen i.e. errors.
This is a potential limitation as it may have has an impact on the group mean of
information processing speed thus how integrity of alerting effect is interpreted.
Some individuals (particularly young adults) made a greater number of errors thus
ended up performing more trials compared to others. This may either lead to greater
practice thus faster RT performance in following trials and faster overall mean RT.
In contrast, more trials may lead to feelings of fatigue thus slower RT performance in
following trials and slower overall mean RT. As a result the difference between

young and older adults may have been misinterpreted.
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This change of RT performance across trials was particularly observed in the Choice
RT when examining trials in blocks as finding differences in RT between young and
old appeared to depend on whether RT was measured overall or across the number of
trials (i.e. separate blocks). Previous ageing research using Choice RT have not
included a measure of the number of trials particularly in relation to RT and IIV thus
this may be a useful measure in future Choice RT studies and even other RT tests

using multiple trials.

Different motor movement was required to respond to the target stimuli during both
Simple and Choice RT. This required different practice periods in order to reach
optimum speed particularly the Choice RT, since it the response procedure was more
complex i.e. matching the response button to the corresponding stimulus on the
screen. The Simple RT involved one finger pressing one button whilst the Choice RT
to use two fingers, one for each response although it has been observed that multiple
fingers can produce faster responses compared to using the same hand [Annett &
Annett, 1979]. The Choice RT test therefore may require a longer practive period in
order for participants ot become efficient at the task. In addition, motor movement in
both simple and choice RT may also be impaired in older adults whether due to
possible stiffness in hand movement or arthritic pain. As a result this may reflect

slower reaction time in older adults compared to young adults.

An issue with comparing results of the Simple RT with the Choice RT is that the
visual cues and target stimuli were different between both tests. Different stimuli i.e.
shapes or words may activate different components of attentional function thus it
may not be possible to directly compare information processing speed between the
two tests. It may be useful to redesign the current Simple and Choice RT tests using
similar stimuli thus directly comparing the same attentional function (alerting effect)
and what influence an added decision component (multiple trials in Choice RT) has

on the altering effect and information processing speed.
Conclusion

The current study examined the functional integrity visual attention and information
processing speed and IIV between young and older adults using both Simple and
Choice RT tests as well as measuring the influence of other factors of sex, education
perceived test difficulty and subjective memory function which have not been
examined in detail previously. Both the Simple and Choice RT tests revealed
significant differences in information processing speed and IIV between young and

older adults.
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Older adults were significantly slower and more variable compared to young adults.
A greater difference in information processing speed between young and older adults
(i.e. ageing) was observed in the Choice RT test due to larger effect sizes compared

to the Simple RT test.

When examining different factors on information processing speed and IIV both tests
found no significant effect of sex, education and subjective memory function in both
young and older adults. Finding no influence of these factors on information
processing speed and II'V highlights the outcome variability can differ between visual
attention tests since sex and education were found to be influential during the visual
search test (Chapter 2). Perceived test difficulty revealed no influence on information
processing speed in Simple RT test but significantly positively correlated with RT
and IIV in young adults only in the Choice RT test. This also highlights outcome
variability between simple and choice tests which may depend on the paradigm used
and the level of complexity i.e. the use of a ‘choice’ entity. Variability is less likely
to relate to sample size and sample characteristics as majority of the same people

used in both tests.

In the Choice RT, past studies may have been misguided in dismissing the inclusion
of perceived test difficulty as the results of information processing speed and IV in

older adult control groups may have been misinterpreted.

Reduced ability in older adults to process and respond to stimuli may imply that
older adults may have trouble responding to sudden changes in the environment. This
may prove troublesome when performing particular daily tasks thus have a negative
impact on their quality of life i.e. giving up driving due to an inability to respond

efficiently to sudden obstacles.
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5.0. CHAPTER FIVE. iPad —based visual search testing: The Multi-item
Localization (MILO) test.

5.1. INTRODUCTION

In summary, the results so far indicate that information processing speed is
significantly slower and more variable in older adults compared to young adults
across all the tests employed. The effects of different person-related factors on RT or
ITV however differed between tests. In the visual search test (Chapter 2) higher
educational level and perceiving the test to be more difficult related to faster
information processing speed in older adults, and sex was influential on young adult
information processing speed with males being faster and less variable compared to
females. In contrast, the TMT (Chapter 3) and the Simple RT and Choice RT tests
(Chapter 4) revealed no significant relationship between information processing
speed and sex or education for both young and older adults. In the TMT, perceiving
the test to be more difficult related to slower information processing speed in older
adults whereas in the Choice RT, the same relationship was found in young adults
and not older adults. In the Simple RT there was no relationship between perceived
test difficulty and information processing speed. All these tests did not find a
significant relationship between information processing speed and subjective

memory function.

So far in this series of studies, the visual attention-related information processing
speed has been investigated using the common administration platforms, namely a
desk-top computer (Visual search, Simple and Choice RT) or pen and paper (Trails
A and B) typically used in clinical diagnosis and/ or research. It can be argued that
both presentation modes may bias against older adults because of difficulties holding
or using a pen and /or pressing specific keys on a computer keyboard. Thus if similar
tests were used by using a different response mechanism, and one which may be
more representative of real life performance, older adults’ RT performance may
actually provide a more representative measure of the functional integrity of
information processing speed in ageing. Therefore, the aim of the present study was
to determine whether differences in RT and IIV between young and older adults
could also be found on an iPad based test namely the Multi-item localization (MILO)
test [Thornton & Horowitz, 2004; Horowitz & Thornton, 2008]; a test we had re-
designed for the purpose of resembling a visual search task and the TMT in order
measure information processing speed, attentional function (shifting attention),

feature search and executive function.
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In addition the aim was to determine if the difference in RT and IIV and errors
during a different type of visual search task and using a different response
mechanism, resembled those in the original search task [Tales et al, 2010] and the

TMT [Reitan, 1971].

A further aim was to determine whether the outcome using this MILO-type test
would be affected by sex, education, perceived test difficulty and subjective memory
function in a similar way to the other tests examined in previous chapters. Any
effects of person-related factors may indicate the requirement to take them into

account in further studies using the MILO test.

IPad testing

The use of tablet technology such as iPads [Rentz, Dekhtyar, Sherman et al., 2016;
Dalmaijer, Van der Stigchel, Nijboer et al, 2015; Georgsson & Staggers, 2016;
Zapata, Ferndndez-Aleman, Idri, & Toval, 2015] is gaining popularity in both
clinical and research arenas to measure cognitive function (e.g. the Cambridge
Neuropsychological Test Automated Battery (CANTAB) similar to
neuropsychological tests used in dementia screening batteries i.e. the Mini Mental
State Exam (MMSE) [Barnett, Blackwell, Sahakian, & Robbins, 2016; Juncos-
Rabadan, Pereiro, Faucal et al, 2014; Junkkila, Oja, Laine, & Karrasch, 2012] and a
series of studies have indicated that both younger and older adults are comfortable in
using this mode of technology i.e. the use of touch screens [Jenkins, Lindsay,
Eslambolchilar et al, 2016; Collerton et al, 2007] and are motivated to perform well
when using an iPad [Cox, Cains, Shah & Carroll, 2012; Green & Bavelier, 2006;
Yee, 2006].

The use of iPads or other tablet based devices are being developed as a cheap and
portable method of cognitive testing (as mentioned in the introduction) and are
widely available thus can be used easily in both research and clinical settings. Test
programming can be tailored to the specific areas of cognition and processing speed
being measured. [Pads can be used at home or in clinics without taking up as much
space as computers. In addition, test performance can be immediately uploaded to
peoples’ clinical notes thus making a diagnosis more available to
patients/participants and tests can be easily repeated if any further assessment is

required.
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Using advanced technology can therefore be a useful tool for screening cognitive
health of an older adult population in a more flexible setting [Onoda, Hamano,
Nabika et al., 2013; Rentz et al., 2016; Cole, Mennemeier, Bost et al, 2011].
Arguably therefore, iPad tests such as the MILO may be useful for clinical use
however it first needs to be determined whether the test is as effective as other
similar clinical (or research) tests in relation to ageing and what factors the test may

be influenced by.

[Pads have been demonstrated to be useful devices to measure the integrity of
measuring cognitive function but have not been used extensively to measure
information processing speed and its intraindividual variability between young and
older adults in relation to visual attention and examining other factors (i.e. sex,
education, and particularly perceived test difficulty and subjective memory
function). Therefore the present chapter examined the integrity of information
processing speed between young and older adults and potential influence of sex,
education, perceived test difficulty and subjective memory function using the MILO

test.

The MILO is a test developed by Horowitz & Thornton [ Horowitz & Thornton,
2008; Thornton & Horowitz, 2004] for research into similar aspects of brain
function as measured by the visual search test, and Trails A and B i.e. information
processing speed , attentional function (shifting attention), feature search and
executive function. However the MILO is also more sophisticated to both visual
search tests and TMT as it includes more direct responses (finger tap on the iPad)
designed to closely reflect everyday interactions with objects around us [Thornton &
Horowitz, 2004] with each response producing a separate RT which cannot be
achieved in the visual search and TMT. The MILO test in the current was modified
to be a simpler test and allow us to examine RT and IIV in relation to visual search
thus permitting comparisons to be made between the MILO and both the visual

search and TMT tests from the current research.

In this current MILO test, a representation of eight billiard ball-type stimuli were
presented on an iPad screen, each containing a number from 1 to 8 randomly
distributed around the screen. As each ball was tapped it disappeared from the
screen. Once all 8 balls were tapped, they appeared again for the next trial in a
different position around the screen. Participants were instructed to tap each ball in

consecutive order (from number 1 to number 8) as shown in Figure 23.
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Figure 23. Representation of MILO stimuli of eight numbered billiard balls.
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Each ball tap response produced a separate RT score and within these separate
responses, the MILO measures the reaction time from the stimulus appearing and
tapping the first response [RT1]. The first test trial began once the participant
pressed a ‘start’ button on the screen thus RT1 score related to the time from all 8
balls appeared to the participant tapping the first ball. For the following 30 test trials,
the RT score for RT1 related to the time taken to tap the 1* ball from the ball

sequence appearing again after finishing the previous trial.

This response is similar to a Simple RT test as reaction time is measured from the
time the stimuli appear to the tapping of the first response. In addition is the need for
visual search i.e. searching through all the balls on the screen repeatedly for the next
number in the sequence, in effect searching continuously through distracting balls for
the correct one in the sequence. Potential effects of the first response (RT1) were
examined separately by eliminating RT1 from overall performance (i.e. RT8-RT1).
This has been singled out by other RT studies (across a long time span) [e.g.
Jentzsch, Leuthold & Ulrich, 2007; Ratcliff, 1979], as the overall reaction time score
may possibly be slower due to participants hesitating before responding even when

this first response is located (reasons for this hesitancy differ between individuals).

This is another factor which may have an influence on performance outcome and
may also contribute to outcome heterogeneity. Typically, practice trials are provided
to participants before testing, in an attempt to reduce this hesitancy to a certain
extent i.e. the participant verbally telling the researcher that they understood how to

perform the test.
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However, hesitancy effects may still be apparent per se (which may still differ
between individuals) despite the participants understanding the test procedure.
Including this potentially slower RT score may have a significant effect on the
overall RT performance i.e. the time taken to tap from the first ball to the last ball in
the sequence. Therefore we also measured overall RT performance i.e. shifts of
attention from item to item from beginning to end whilst excluding the first response
in an attempt to eliminate (or at least in some part) some of these hesitancy effects
(i.e. RT8 — RT1) assuming that tapping ball 1 to ball 2 and onwards until finishing
with the 8" ball tap is less affected by hesitancy effects). This overall measure is
similar to the score produced in Trails A or Trails B of the TMT. Measuring possible
hesitancy effects from the first response cannot be achieved by the TMT as only one
RT score is produced from connecting the first number to the last number (Trails A)
or letter (Trails B) in the sequence. Individuals performing the TMT may also
hesitate before beginning the test thus their single trial performance may not be

representative of their true performance.

Eliminating the first response in the MILO endeavours to determine whether
hesitations may affect information processing speed thus have an impact on
interpreting result outcome of the whole test i.e. results being much slower than they
should be. This may also impact how the results from other similar reaction time
tests have been interpreted (i.e. visual search or TMT). It may be the case that
incorporating a measure of first response hesitancy as included the current MILO are
useful when measuring information processing speed and IIV in ageing research or
in clinics comparing healthy ageing controls to pathological gearing such as MCI or

dementia.

As for the search test, the MILO contains multiple trials to measure the variability of
information processing speed which may (as discussed in Chapter 3) increase the
sensitivity of the test finding age related change and pathology compared to
measuring a single trial of RT (as in the TMT) [Haworth et al, 2016; Mella et al,
2013; Dykier et al, 2012; Moy et al, 2011; Walhovd et al, 2007; Salthouse & Fristoe,
1995]. An IIV score can be produced for each stimulus response firstly to measure
the variability of beginning the test to determine whether the response to the first ball
is more variable compared to responses of the following balls i.e. whether IIV

improves by the time the 8" ball is responded to.
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Participants during the MILO test are required to tap exactly on the stimulus for
reaction time to register which may make the RT of each ball tapped more accurate
compared to the TMT where participants may skim past or only settle on the

individual stimulus briefly.

Drawing lines between numbers and letters in the TMT by hand can be a problem if
hand control is not sufficient i.e. arthritic hands or poor hand- eye coordination
(although tapping can become a problem if for example nails are too long). The
inability to complete the pen and paper test has been observed by Schmid and
colleagues [2013] and in the TMT chapter (see Chapter 3) where both older and
young adults had to be removed from analysis due to being unable to complete the

entire test.

In addition, recording test completion time for the TMT relies on a crude measure of
reaction time through the use of a timer controlled by the clinician or researcher.
Deciding when to press the timer to start it and when to stop the timer depends on
the person administering the TMT, thus the overall RT may vary each time the test is
administered even with the same participant. This is open to human error whereas
using an iPad eliminates this by being more precise. Computer based devices are of
course not without error; there may be a slight delay between human RT and the
device recording the response. However, this difference is usually very small and can

be controlled for during programming.

Arguably the MILO may be excellent for clinical use compared to typically used
tests i.e. TMT (for reasons such as the use of multiple trials) however it is important
to examine first what occurs during healthy ageing and what effects, if any, different
factors have on performance outcome which may need to be considered. The current
MILO test will compare any potential influence of such factors to the results of the
same participants in previous tests (particularly the TMT which the MILO test is
similar to) so as to better understand how information processing speed during

ageing vary depending on different factors or the type of test used.
Person-related factors

As with previous tests in this thesis, the MILO test will also be examined with
respect to the influence of various person-related factors on information processing
speed and 11V, i.e. sex, education, subjective memory function and perceived test

difficulty.
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Sex has been examined alongside age using an IPad as a presentation mode [Barnett
et al, 2016; Rentz et al, 2016; Blackwell et al, 2010] and education has been
examined in relation to errors with higher education related to making fewer errors
Blackwell et al, 2010]. These two factors as well as subjective memory function and
perceived test difficulty has not been examined in relation to information processing

speed and its variability using the MILO test thus a novel aspect in the current study.

So far the results in previous test chapters (Chapters 2 to 4) have been mixed in
relation to finding effects of person-related factors on RT or IIV (as summarized
above) highlighting that study outcome may depend on age and the visual attention
test (or sub-test) used. Measuring different person-related factors in the MILO, and
compared to a variety of different attentional tests may help to further understand
whether these factors influence information processing speed across attention
function. In addition this may help characterise how information processing speed
may be affected in ageing. Failing to take into account any influence of these person-
related factors may negatively impact how information processing speed results of

MILO and ageing studies are interpreted.
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5.2. METHODOLOGY

Participants

Swansea university students (n = 58, 18-25 years, 13 males: 45 femalesl) were
recruited through the Psychology department credit system and through advertising
around the university and social network. Community dwelling older adults (n = 80,
50-80 years; 32 males: 48 females) were recruited through advertisements given out
to older adult social clubs and local papers in Swansea, through email, word of
mouth and via a volunteer database of older adults set up by the Swansea
Psychology Department. The inclusion & exclusion criteria were the same as
previous chapters and the same participants tested in the TMT, Simple and Choice

were tested.

Stimuli & procedure

The modified MILO test is composed of a representation of eight billiard ball-type
stimuli each containing a number from 1 to 8 randomly distributed around the screen
(see Figure 27). As each ball was tapped by the participant with the index finger of
their dominant hand, it disappeared from the screen. Once all 8 balls were tapped,
they appeared again on screen after a two second interval in a different distribution
around the screen, ready for the next trail, producing 30 trails in total. Participants
were shown the stimuli in full in a practice phase and instructed that the aim of the
test was to tap each ball in consecutive order (from number 1 to number 8) using
their dominant index finger as quickly but as accurately as possible. This involved
searching around the screen for each number. The researcher completed one trial as a
demonstration then the participant was given an opportunity to practice for 2-3 trials
or until they fully understood the test. There were no young or older adult
participants who required more than 3 practice trials to understand the test. When the
practice phase was complete, the programme was set to testing and the first test trial
began once the participant pressed a ‘start’ button on the screen. The following 29

trials began once the previous trial ended.

' 55 of the young adults who completed the MILO also completed the TMT, Simple RT and Choice
RT. 54 older adults completed all four tests.
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Data cleaning

For both age groups, any extra trials in which the balls were tapped in the wrong
order and had to be repeated i.e. errors were eliminated. Each trial produced a
reaction time for each ball tapped which allowed for a variety of measures to be

analyzed.

Two RT measures (conditions) were included in analysis. ‘RT1’ referred to the
response (RT) from the start of the trial notice to pressing the first ball tap i.e. the
time taken from the stimulus appearing and tapping the first response. Overall RT
performance was measured i.e. the time taken from tapping the first ball to the gt
ball sequentially referred to as RT8 - RT1 because in an attempt to eliminate (or at
least in some part) some hesitancy effects from the first response (RT1). Due to
multiple trials, the inter-quartile range was also calculated for both RT conditions to
measure intraindividual variability (IIV). IIV for RT1 measured the variability of
beginning the test (tapping the first response) to determine whether the first response
1s also more varied as well as slower due to hesitancy effects. This measure was
labelled as ‘IIV1°. The variability of overall RT performance measured and

excluding the potential effects from the first response was labelled as ‘IIV8 - IIV1°.

In response to the non-normal distribution of the data in some conditions (see Table
23) SPSS non parametric analysis was conducted. Not all conditions were non-
normally distributed however we wanted consistency in our analysis. Factors i.e. sex
and education, perceived test difficulty and subjective memory function were given
a-priori hypotheses and were grouped into separate families for analysis. The RT and
IV effects were different data sets and thus did not require Bonferroni correction for

multiple analyses.

Table 25. Normality of Distribution (Shapiro Wilkes test)”

Older Young
statistic df Sig. statistic df Sig.
RT1 719 80 .000 743 58 .000
RTS8 - RT1 932 80 .000 951 58 .021
1v1 922 80 .000 .766 58 .000
1v8 - 11v1 .968 80 .044 973 58 .232

> Note: data classified as a non-normal due to the positively skewed distribution of the data and in
some cases bimodal distributions.
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5.3. RESULTS

Demographics

Mann-Whitney analysis revealed depression level was significantly greater for

young adults compared to older adults [U = 1468, p <.001, effect size (r) = .38] and

anxiety level was significantly greater for young adults compared to older adults

[U=1278.5, p <.001, effect size (r) = .32]. There was no significant difference in

mean MoCA score or mean years of education [p > .05].

Table 26. Mean baseline demographics for the older adult and younger adult groups.
Standard deviation in parenthesis.

Age

Education

(Years) (Years) | MCCA | MFQ | PHQ-9 | GAD-7
All Young 20 14 27 _ 6 5
a7 | @G0 2.1) (4.0) (4.1)
Young 20 15 27 6 5
males =13) | o0y | 22) | 8) ~ (5.7) 4.7
Young
20 14 27 6 5
female (0=45) | (1 6) | (3.9 (1.9) ~ (3.7) (4.0)
66 15 27 293 3 2
All Older
(5.6) | (4.8) 23) | 506) | (3.2) (2.5)
Older 65 17 27 281 3 3
males (n=32) | (5.6) | (5.6) 26) | 438 | (2.9 2.8)
Older 66 14 28 300 3 2
female (n=48) | (5.5) (4.0) 1.8) 53.7) (3.3) (2.3)

MoCA, Montreal Cognitive Assessment; MFQ, Memory Functioning Questionnaire; PHQ-

9, Patient Health Questionnaire; GAD-7, Generalized Anxiety Disorder 7-item scale.
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Table 27. Group mean information processing speed, intraindividual variability

(from individual participant median RT scores) and mean perceived test difficulty

for the young and older adult groups for both conditions in the MILO (RT1 and

RT8-RT1). Standard deviation in parenthesis.

Information Intra-Individual Perceived
Processing Variability Performance
Speed (seconds) (seconds) (Likert Scale)
RTS - IIVS8 -
RT1 RT1 Ivi v1
All
1.24 3.28 2(1.2)
Young 0.37 0.43
adults (0.29) | (0.61) (Range 1-5)
Young 1.36 3.34 2 (1.0)
Males | 0.48) | ©070) | % | 9% | Range 1-5)
Young 1.21 3.26 2 (0.8)
Females | (0.20) | (0.59) 0.36 0.41 (Range 1-5)
All
1.60 4.47 2(0.9)
Older 0.57 0.51
Adults (0.44) | (0.86) (Range 1-5)
Young 1.59 4.74 2(1.4)
Males | (0.36) | (0.88) 0.59 0.56 (Range 1-5)
Young 1.60 4.29 2 (1.1)
Females | (0.49) | (0.81) 0.56 0.49 (Range 1-5)
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RT1 (secs)

Information Processing Speed

Comparison of age and sex: Information Processing Speed

RT 1

The time taken to tap the 1st ball was measured to determine the RT of starting the
test i.e. from when the stimuli appeared to tapping the first ball.

Figure. 24. Box plot of mean information processing speed of tapping the first ball
(RT1) (secs) for young and older adults. Note the presence of outliers in the

performance of this task.
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Mann-Whitney analysis revealed a significant age-related difference in information
processing speed; older adults were significantly slower compared to young adults at
starting the test 1.e. from when the stimuli appeared to tapping the first ball [U =737,
p < .001, effect size r = .58] implying that older adults were slower at beginning the

test compared to young adults, possibly due there being a hesitancy component.
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Figure. 25. Box plot of mean information processing speed of tapping the first ball
(RTT) (secs) for males and females in young and older adults. Note the presence of

outliers in the performance of this task.
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Mann-Whitney analysis revealed no significant difference of information processing

speed between males and females in young adults [p > .05] or in older adults [p >

.05] at beginning the test.
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RTE - RT 1 (secs)

RT 8 - RT1

Overall RT performance was calculated i.e. the time taken from tapping the first ball

to the 8" ball sequentially and excluding the first response (RT1) to remove the

possible hesitancy effects.

Figure 26. Box plot of mean information processing speed of overall RT
performance (RT8 - RT1) (secs) for young and older adults
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Mann-Whitney analysis revealed a significant difference of information processing

speed between young and older adults; older adults were significantly slower

compared to young adults in their overall RT performance [U = 512.5, p <.001,

effect size r = .66].
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Figure 27. Box plot of mean information processing speed of overall RT
performance (RTS8 - RT1) (secs) for males and females in young and older adults
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Mann-Whitney analysis revealed no significant difference of information processing
speed between males and females in young adults [p > .05] and in older adults [p >

.05] in overall RT performance (excluding RT1).

Information processing speed and Subjective memory function

Subjective memory function (Total MFQ score) significantly negatively correlated
with information processing speed for RT 1 [r =-.263, p = .019]; less perceived
changes to memory function (higher MFQ score) related to faster information
processing speed. There was no significant correlation between subjective memory
function and information processing speed for RT8 - RT1 [p > .05] i.e. overall

information processing speed performance excluding RT1.
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Information processing speed and Perceived test difficulty

For both young and older adults information processing speed did not significantly

correlate with perceived test difficulty for RT1 [p > .05] or RT8 - RT1 [p > .05].

Information processing speed and education level

In young adults, there was no significant correlation between education and

information processing speed for RT1 [p > .05] or RT8 - RT1 [p > .05].

In older adults, there was a significant negative correlation between education
information processing speed for RT8 - RT1 i.e. time taken to complete the test;
higher education related to faster information processing speed [r =-.225, p = .044].
There was no significant correlation between educational level and information

processing speed for beginning the test (RT1) [p > .05].

Information processing speed, anxiety and depression levels

In young adults, information processing speed did not significantly correlate with
anxiety levels or depression levels for RT1 [all p values > .05] or RTS8 - RT1 [all p

values > .05].

In older adults, information processing speed did not significantly correlate with
anxiety levels or depression levels for RT1 [all p values > .05] or RTS8 - RT1 [all p

values > .05].

Information processing speed and objective cognitive performance (MoCA
score)
In young and adults, information processing speed did not significantly correlate

with MoCA score for RT1 [p > .05] or RTS8 - RT1 [p > .05].

In older adults information processing speed was significantly negatively correlated
with MoCA score; faster RT performance related to better general cognition for
overall MILO performance RTS8 - RT1 [r =-.309, p =.005] but not for beginning the
test (RT1) [p > .05].
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Subjective memory function and perceived test difficulty

In older adults there was a significant negative correlation between subjective
memory function and perceived test difficulty; perceiving greater changes in
memory function (lower MFQ score) related to perceiving the test to be more

difficult [r =-.260, p = .02].

Education level and subjective memory function

In older adults education significantly negatively correlated with subjective memory
function (total MFQ score) with i.e., lower levels of education related to increase in

MFQ score i.e. less perceived change of memory function [r = -.243, p = .03].

Education level and perceived test difficulty

There was no significant correlation between education and perceived test difficulty

for both young and older adults [p values > .05].

Anxiety and depression levels
Anxiety levels significantly positively correlated with depression levels in young
adults [r =.763, p < .001] and older adults [r =.584, p <.001]. As anxiety levels

increased so did depression levels.
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Intra-individual Variability

Comparison of age and sex: Intra-individual Variability

IIv1i

Figure. 28. Box plot of mean intraindividual variability of tapping the first ball

(ITV 1) (secs) for young and older adults.
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Mann-Whitney analysis revealed a significant difference of IIV between young and
older adults; older adults were significantly more variable when beginning the test

compared to young adults [U =958, p <.001, effect size r = .50] possibly due to

some contribution of hesitancy effects.
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Figure. 29. Box plot of mean intraindividual variability of the first ball press (IIV 1)

(secs) for males and females in young and older adults.
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Mann-Whitney analysis revealed no significant difference of IIV between males and

females in young adults [p > .05] and in older adults [p > .05].
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IIV8 - 11V1

Figure 30. Box plot of mean intraindividual variability of overall RT performance
(ITV8 - IIV1) (secs) for young and older adults.
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Mann-Whitney analysis revealed no significant difference of IIV between young and

older adults [p > .05].
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Figure 31. Box plot of mean intraindividual variability of overall RT performance
(ITV8 - IIV1) (secs) for males and females in young and older adults.
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Mann-Whitney analysis revealed no significant difference of IIV between males and

females in young adults [p > .05] or in older adults [p > .05].

Intraindividual variability and Subjective memory function

In older adults, subjective memory function (Total MFQ score) did not significantly

correlate with intraindividual variability for IIV1 [p > .05] or IIV8 —IIV1 [p > .05].

Intraindividual variability and Perceived test difficulty

For young and older adults, intraindividual variability did not significantly correlate
with perceived test difficulty for IIV1 [all p values > .05] or [IV8 —IIV1 [all p values
> .05].
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Intraindividual variability and Education level
For young and older adults, intraindividual variability did not significantly correlate

with education for ITV1 [all p values > .05] or IIV8 — IIV1 [all p values > .05].

Intraindividual variability, anxiety and depression levels

In young adults, intraindividual variability did not significantly correlate with
anxiety or depression levels for IIV1 [all p values > .05] or IIV8 —1IV1 [all p values
> .05].

In older adults, intraindividual variability significantly positively correlated with
anxiety levels; higher levels of anxiety related to more variable performance for IIV1
[r=.258, p =.021] but not for IIV8 -IIV1 [p > .05]. Intraindividual variability did not
significantly correlate with depression levels for IIV1 [p > .05] or V8 —1IV1 [p >
.05].

Intraindividual variability and objective cognitive performance (MoCA)
In young and adults, intraindividual variability did not significantly correlate with

MoCA score for IIV1 [p > .05] or IIV8 —1IV1 [p > .05].

In older adults IIV significantly negatively correlated with MoCA score; less
variable performance related to better general cognition for overall MILO
performance IIV8 - IIV1 [r = -.280, p =.012] but not for beginning the testi.e. IIV1
[p > .05].

Errors in the MILO

Mean number of errors throughout the test: Age comparison

Table 28. Mean number of errors (tapping incorrect number sequence) in young and
older adults. Standard deviation in parenthesis.

Mean no. of errors
2.57
Young (1.74)
1.25
Older (1.59)
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Mann Whitney analysis revealed that young adults’ mean number of errors was
significantly greater compared to older adults [U = 1150, p <.001, effect size (r) =
.44] implying that young adults made significantly more errors compared to older
adults. Young adults were also significantly faster compared to older adults implying

a speed/accuracy trade off i.e. young adults appeared to trade accuracy for speed.

Mean number of errors throughout the test: Age and sex comparison

Table 29. Mean number of errors (tapping incorrect number sequence) between
males and females in young and older adults. Standard deviation in parenthesis.

Mean no. of errors

Young Males 2.46 (1.85)

Young Females 2.60(1.72)

Older Males 1.22 (1.45)

Older Females 1.27 (1.69)

Young adults

In young adults, there was no significant difference in the mean number of errors
between males and females implying no significant difference between sexes in how

many errors (i.e. tapping incorrect number order ) were made [U = 273, p = .709]

Older adults

In older adults, there was no significant difference in the mean number of errors
between males and females implying no significant difference between sexes in how

many errors (i.e. tapping incorrect number order ) were made [U =745.5, p = .816].
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5.4. DISCUSSION

The current study aimed to determine the functional integrity of information
processing speed and IIV with respect to visual attention-related function between
young and older adults using the iPad-based modified MILO test; a different
medium to the previous computer based and pen and paper tests examined so far in
this thesis. The study also aimed to examine whether factors such as subjective
memory function, perceived test difficulty (meta-cognition), sex and education have
an influence on information processing speed and IV in both young and older adults

as well as the possible effect of hesitancy on the first trial.

Information processing speed

Age comparison: information processing speed

The time taken for the stimuli to appear and the first tap on the screen (RT1) was
significantly slower in older adults compared to young adults implying that older
adults were slower at the beginning the test. Both young and older adult participants
were allowed to practice the test before-hand which should have reduced any

hesitancy of starting each trial yet despite this, older adults were still slower per se.

This result is in accordance with those from all our other studies but what is not clear
is whether ageing-related RT and IIV effects are exacerbated by a greater influence
of hesitancy to the first trial in older than younger adults and whether this might
influence the overall difference in RT between young and older adults. It is unclear
whether these possible hesitancy effects are the result of general hesitancy which
may occur for RT type tests or whether it related to the method of testing i.e. using
an iPad. For example, it may be the case that older adults require more time to
process all the information on the screen before starting thus resulting in a slower
first response. In contrast, slower RT for the first response may have reflected a
hesitation in tapping the screen despite given practice. In addition older adults may
have different strategies when performing the test i.e. wanting to respond accurately
thus examining the screen first to get an advantage. Indeed older adults made
significantly less errors than young adults (as discussed in a later section). It would
have been useful to obtain feedback from participants on using the iPad in an attempt

to understand the reasons for any hesitancy thus a limitation of the current study.
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Slower RT1 in older adults is a significant finding as if there are such hesitations in
older adults compared to young adults this may highlight the importance of taking
hesitancy effects into account when measuring information processing speed using
the MILO. This may have an impact on interpreting result outcome of the whole test.
The RT from the stimulus appearing to tapping the first ball may not be
representative of older adults’ overall performance yet may be skewing the results to
being much slower than they should be. Therefore it may be useful to measure
hesitancy effects in the other RT tests within the current research to determine

whether ageing-related RT and IIV effects are exacerbated by slower first response.

Overall RT performance (RTS8 - RT1) i.e. time to complete the whole test was
measured after eliminating the first response which may have introduced a longer RT
thus not representing ‘true’ performance. Older adults were significantly slower in
their overall performance compared to young adults implying ageing has a
detrimental effect on information processing speed and feature search, shifting
attention and executive function. In addition the result suggests that older adults are
still slower compared to young adults despite removing any hesitancy effects from
the first response. Therefore any possible hesitancy of tapping the first ball does not
appear to reduce ageing effects on information processing speed thus does not
explain overall slowing of test performance between young and older adults. The
effect size for overall test performance (0.66) was not much different to the effect
size for RT1 (0.58) although suggests that removing the first response may improve

information processing speed slightly.

Slower RT in older adults’ overall performance supports the findings of the previous
tests examined i.e. visual search, TMT, Simple RT and Choice RT, (see Chapters 2
to 4) in that older adults are significantly slower (mean RT performance) compared
to young adults. Therefore, as concluded in previous tests, the modified MILO test
also appears to be sensitive differences of RT in to ageing although the other
attentional tests did not include eliminating the first response from overall
performance due to possible hesitancy effects. To our knowledge the MILO test has
not been examined in relation to information processing speed and executive
function thus the current study cannot, at present, be compared to previous ageing

studies.
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Information processing speed and Subjective memory function

In older adults, there was only a significant negative correlation between subjective
memory function and information processing speed for the first stimulus tap (RT1)
Greater perceived changes to memory function related to slower information
processing speed when beginning the test. Older adults who perceived their memory
to be poorer may have been less confident in beginning the test compared to older

adults perceiving no changes to their memory function i.e. being more hesitant.

In contrast, there was no significant relationship between information processing
speed and subjective memory function for the overall RT performance (RTS8 -RT1).
How intact older adults perceived their memory function to be did not appear to
relate to overall information processing speed i.e. from tapping the 2" ball to the 8™
ball. This may suggest that older adults who display concerns with memory function
are only less confident in beginning the test enough to slow the RT of first response.
We speculated that once the test began, older adults settled into the task thus any
concerns with memory function did not affect slowing of overall performance but
instead overall RT between young and older adults differed for other reasons i.e.

ageing effects.

Finding no relationship between subjective memory function and overall RT
performance is in accordance with the results from the visual search, TMT, Simple
RT and Choice RT tests discovery no relationship between information processing
speed and subjective memory function (see Chapters 2 to 4). As discussed previously
this suggests that slowing of information processing speed is unlikely to relate to
detrimental structural change but remains at levels expected in healthy older adults.
This is speculated since there is a close relationship between information processing
speed and structural change i.e. reduced white matter associated with slower
information processing speed. In addition, the majority of participants performed to
‘normal’ levels in objective testing (MoCA score) although a few participants’
MoCA scores were lower (< 26) which may imply cognitive impairment thus require

further assessment.

Interestingly we found that RT1 is the only condition in which there was a
significant relationship between information processing speed and subjective
memory function across all the visual attention tests examined in the current

research.
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This may relate to fact that the MILO test differed to other tests of similar
attentional function i.e. TMT and visual search by including an RT measure for each
stimulus response. Alternatively this MILO test results in people feeling less
confident in beginning the test, possibly due to the method of testing i.e. using an

iPad).

An effect of subjective memory function on information processing speed may only
be present in certain aspects of an RT/attentional test rather than in overall test
performance. This may have a significant impact on how information processing
speed should be measured in attentional tests i.e. which aspect of the test should be

measured although it is possible that this result could have occurred by chance.

There were some extreme RT values in older adults for RT1 and in overall RT
performance, different to the outliers eliminated before analysis due to extraneous
variables. These disproportionally slower RT scores from the RT1 measure related
to subjective memory in two older adults function i.e. they perceived greater changes
to memory function. In contrast, there were two older adults who perceived little to
no change to their memory function thus do not explain why a significant
relationship was found between subjective memory function and RT1.
Disproportionally slower RT scores in overall RT performance may reflect underling
significant impairment to cognition regardless of subjective feelings since not all
disproportionate slowing related similarly to how older adults perceived their
memory function to be. All these significantly slower scores may be of clinical

significance thus it will be of interest to examine further.

Information processing speed and Perceived test difficulty

In both young and older adults, there was no significant correlation between
information processing speed and perceived test difficulty. How difficult participants
perceived the test did not relate to their actual RT performance for beginning the test
or overall RT performance. This result supports the finding of overall RT
performance in Simple RT, Trails A of the TMT and the Target plus distractor
condition in the visual search test (Chapters 2 to 4). In contrast, the results contradict
the Target alone condition in the visual search test and the Choice RT in older adults
and Trails B in young adults. In addition the results contradict previous studies
finding perceived test difficulty to have a negative influence on information

processing speed [Setti et al, 2015; Bolmont, et al, 2000; Flavell, 1979].
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A lack of a relationship between perceived test difficulty and information processing
speed implies that actual RT performance is not relative to individuals’ judgement of
the MILO test. Differences in RT between young and older adults when beginning
the test (RT1) may have occurred due to factors other than perceptions of test
demands i.e. as discussed above having less confidence in beginning the test
(hesitancy effects) or perceiving changes to memory function (for some older
adults). Differences in overall RT (excluding RT1) may not relate to how judgement
of the test is associated with actual performance but related to the effect age has on

information processing speed.

Outcome variability between attention test results highlights that the influence of
perceived test difficulty on information processing speed may depend on the test and
the aspect of self-assessment being conducted. It may be possible that if young and
older adults were examined against other factors of self-assessment, the relationship

with information processing speed may differ.

Information processing speed and Educational level

In young adults, there was no significant relationship between educational level (in
years) and information processing speed for RT1 (beginning the test) and for overall
RT performance (RTS8 - RT1). This supports the lack of influence of education in
young adults in TMT, Simple and Choice RT and the Visual search test. As
discussed in previous chapters, it is possible that a relationship was not discovered in

young adults due to the narrow range of education years.

In older adults, there was no significant relationship between educational level and
information processing speed of the first response implying that education did not
influence how beginning of test was performed i.e. the level of slowing. In addition
the implication is that education did not influence how concerned individuals may
have been to begin the test (thus hesitancy effects). Less confidence in starting the
test may have related to perceiving changes to memory function since subjective
memory function correlated with RT for the first response i.e. perceiving greater

changes to memory function related to slower RT of the first response.

There was a significant relationship between overall test performance (RTS8 - RT1)
and educational level with higher education related to faster information processing

speed.
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This finding supports the Target plus distractors condition in the visual search test
(see Chapter 2) which may imply that older adults with higher education are better at
feature search and executive function as well as number sequencing and attentional
switching. However, we did not ascertain similar findings between education level
and information processing speed in the TMT despite the test measuring similar
attentional function. This implying education effects on overall RT performance may

be dependent on the type of attentional test used.

As discussed in the visual search (Chapter 2) we can highlight this as is an important
finding as although education was matched between both groups (young and older
adults) as closely as possible, there was slight variation between both age groups.
Even within the narrow range, educational level had an effect on information
processing speed in older adults although the range was not varied enough to find an
education effect in young adults. Therefore, this further supports the speculation that
the influence of education on information processing speed is dependent on age as

well as the type of attentional test.

Information processing speed and Sex

There was no significant relationship between sex and information processing speed
for both young and older adults. This implies that sex is not influential on
information processing speed when beginning the MILO or performing the test
overall. Therefore males and females of both age groups began and performed the

test similarly to each other.

This result supports the findings from across the larger second study (Chapters 3 and
4). Only in the visual search test (Target plus distractors condition) were males
significantly faster compared to females in young adults although the participant
sample differed between the initial study (visual search) and the second study. The
influence this factor has on how information processing speed is characterised in
ageing may depend on the type of visual attention test and the age of the participant
(i.e. young adults) although sample sizes between tests make results not completely

comparable.

As far as we are aware, sex has not been examined in the MILO test in relation to
information processing speed between young and older adults. Therefore, further

research is required in order to determine whether this result can be replicated.
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The young adult sample in the current MILO test was small in comparison to the
sample of young adults used in the other tests in this research (i.e. TMT) thus
examining a similar participant sample in the MILO may be more useful to make

comparisons of the influence of sex on information processing speed.

Information processing speed, anxiety and depression levels

In young adults, anxiety or depression levels did not relate to RT performance for
beginning the test or overall RT performance. This implies that levels were not
significant enough to have a negative effect on performance which, indeed anxiety

and depression in young adult demographics were low to normal levels.

In older adults, neither anxiety nor depression levels related to overall RT
performance or for beginning the test (RT1). For RT1 this suggests that hesitancy
effects were not associated with slower RT in the first response due to, in
particularly how anxious older adults may have been. Alternatively, hesitancy may
be associated with slow RT due to a lack confidence to begin the test as a result of

perceiving memory function to be poor.

No correlation between anxiety and depression on older adults’ overall performance
suggests that significant slowing between young and older adults was not associated
to older adults feeling anxious or depressed when performing the test. As with young
adults anxiety and depression were low to normal levels thus may explain why RT
performance was not affected. Differences of overall RT between young and older
adults may instead be associated with the effects of age on information processing

speed.

Information processing speed and objective cognitive performance (MoCA)

In young adults, there was no significant correlation between objective cognitive
performance and information processing speed. The integrity of overall cognition did
not appear to relate to the integrity of information processing speed in the MILO test
i.e. how quickly young adults began the test (RT1) or performed the whole test (RTS8
—RT1).

In older adults, better performance in the MoCA test i.e. better general cognition
related to faster information processing speed for overall RT performance (RTS8 —

RT).
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This implies that the outcome of older adults performing the whole test being slower
compared to young adults may not be associated with any cognitive impairment
(whether due to ageing or pathology). Instead slower RT may be associated with

other factors such as ageing effects or lower levels of education.

However, the MoCA was only one test of general cognition measured in the current
study and there was no inclusion of more detailed measures of cognitive function i.e.
memory. In addition the current study did not have access to older adult brain scans
to determine the integrity of physical brain structure to determine whether there was
indeed no underlying cognitive impairment in the older adults sample as suggested
by ‘normal’ MoCA scores or whether there was any underlying impairment in

individuals with low MoCA scores (score of 25 and below).

Finding no relationship between information processing speed and MoCA score for
RT1 implies that the integrity of general cognition did not have an effect on how
quickly the older adults began the test i.e. whether older adults were hesitant at
tapping the first response. As mentioned above, slow RT for the first response and

possible hesitancy may relate to other factors i.e. subjective memory function.

Subjective memory function and Perceived test difficulty

In older adults, the result revealed a significant negative correlation between
subjective memory function and perceived test difficulty; greater perceived changes
to memory function related to judging the test to be more difficult to perform. This
finding supports the relationship revealed in the TMT, Simple and Choice RT
chapters (Chapters 3 and 4) although the effect size in the MILO was small
compared to Trails B of the TMT and Choice RT. As discussed in previous chapters
this negative correlation supports our speculation that if older adults believe their
cognition to be poor, they would assume that tests will be more difficult to perform
by assuming poor cognition impairs the ability to perform a cognitive task

adequately.

In contrast, the result contradicts the visual search test (Chapter 2) finding no
relationship between subjective memory function and perceived test difficulty thus
this outcome variability may depend on the type of attentional test. Although it must
be highlighted that the participant sample of the visual search differed to the other
tests as well as the MILO.
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It must also be noted that the relationship between subjective memory function and
perceived test difficulty produced a small effect size thus the results may not be

particularly reliable and thus require replication.

Educational level and perceived test difficulty

In both young and older adults there was no relationship between educational level
and perceived test difficulty. The number of years of education young and older
adults had did not have a significant influence on how difficult they perceived the

MILO test was to perform.

For young adults, the current results support the findings from each of the previous
tests examined in this thesis. For older adults, Trails B of the TMT and the Simple
RT test also found no relationship between these factors as with the MILO (see
Chapters 3 and 4). However, in the Visual search test and Trails A, older adults with
higher levels of education perceived the tests to be more difficult. It must be noted
that the sample sizes differed between the MILO and the other tests particularly in
the number of young adults thus these results are not completely comparable. The
difference in results implies that a relationship between educational level and
perceived test difficulty is dependent upon age. In addition, the type of test thus the
areas of attention function examined also relates to the variability of outcome

between the visual attention tests examined in this research.

As mentioned in previous chapters, we speculate that those with greater years of
education would judge the demands of the test to be lower because of higher levels
of education being beneficial for test performance i.e. higher levels of motor skill or
concentration help tests appear less difficult. However since a relationship was not
found, the perceived difficulty of the MILO test was too low to have a significant
influence (as observed with the relationship between perceived test difficulty and
information processing speed). Indeed, young and older adults rated the MILO test to
be easier to complete compared to other tests i.e. the TMT and visual search.
Therefore the levels of education young or older adults have is not an influential

factor in the MILO test.
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Subjective memory function and educational level

In older adults, there was a negative correlation between subjective memory function
and educational level. Lower levels of education related to less perceptions of
detrimental change in memory function. Therefore, older adults with higher levels of

education are likely to perceive their memory is getting worse.

This result supports the Choice RT test and the TMT, but however contradicts the
Simple RT and the Visual search test findings. This implies that interactions between
different factors are dependent on the visual attention test thus dependent on the area
of visual attention being measured. However, it must be also be noted here that the
sample sizes differed between the MILO and the other tests particularly in the

number of young adults thus these results are not completely comparable.

As discussed with the TMT (Chapter 3) and Choice RT (Chapter 4), the result may
suggest that older adults with higher education are more judgemental about their
memory function. In contrast, older adults with higher education are possibly more
aware or have greater understanding of the quality of their memory function
although this can only be speculated as memory function was not examined in great

detail during the study.

Intraindividual variability

Age comparison: intraindividual variability

Older adults were significantly more variable at beginning the test compared to
young adults i.e. the time taken for the stimuli to appear and the first tap on the
screen (IIV1). This implies that older adults spend more time compared to young
adults looking around the screen before beginning the test. This may be a sign of
poorer integrity of processing the stimuli in older adults or, as discussed with
information processing speed, it is a possible relation to hesitancy effects due to
being less confident with beginning the test and using the iPad. The results of IIV1
support finding more variable IIV between young and older adults in the Simple RT,
Choice RT and the visual search test (Chapters 2 to 4) although IIV1 in the MILO
measured beginning the test whereas result for the other attention tests were for

overall RT performance.
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In comparison to the result for information processing speed, there was no
significant difference of IIV between young and older adults for overall RT
performance (excluding RT1) i.e. tapping balls 2 to 8 in sequence. Overall, older
adults were no more varied in their RT performance completing the test compared to

young adults.

This is an interesting finding as it suggests that it is the response to the first ball and
not overall RT performance that explains any variability between young and older
adults in the MILO. Therefore in the MILO, the speed of information processing
rather than its variability is more sensitive to the effects of ageing thus a more
importance measure to distinguish between young and older adults overall
performance. This result does not support the results for overall RT performance
from the other tests examined (visual search, Simple RT and Choice RT) nor could
this pattern be observed in the TMT since the TMT contained a single trial thus IV
could not be measured. Outcome variability for differences in IIV between young
and older adults implies that finding age effects of IIV is dependent on the attention
test used. In addition any age effects of IIV may have been reduced by making errors
during the test. Trials were repeated if any were performed incorrectly which may
have helped improve performance or learning i.e. practice affects thus less variability
in overall RT performance. However this does not explain why information
processing speed was not influenced by potential practice i.e. older adults being

significantly slower compared to young adults.

Intraindividual variability and Subjective memory function

In older adults, there was no significant relationship between subjective memory
function and IIV for both conditions. How older adults perceived their memory
function was not reflected in the actual variability of their overall RT performance

(excluding RT1) or beginning the test.

As far as we are aware, subjective memory function has not been examined with 1TV
of young and older adults using the MILO test thus we cannot make any
comparisons with the current study. However in relation to the visual attention tests
from previous chapters (Chapters 2 to 4), the MILO supports findings that there is no

significant relationship between subjective memory function and IIV.
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As with information processing speed, a lack of relationship proposes that during
ageing associated with perceived changes, there is no underlying structural change
and RT function in relation to visual attention does not differ from what is expected
during healthy ageing during the MILO task. However as in RT scores, there were
extreme IIV scores i.e. outliers depicting significantly poorer integrity of information
processing speed which may be highlighting underlying structural change and

significant cognitive impairment thus require further assessment.

Intraindividual variability and Perceived test difficulty

There was no significant relationship between perceived test difficulty and IIV in
both young and older adults. How young and older adults may judge the difficulty of
the MILO does not appear to reflect the actual integrity of information processing
speed. This supports the findings from the visual search (Chapter 2) and the Simple
RT test (Chapter 4) but contradicts the Choice RT test (Chapter 4) which found

young adults to be more varied when perceiving the test to be more difficult.

This variability between the MILO and the Choice RT test may highlight outcome
depends on the test (and attentional function) since the same participants were used
within both tests. This is particularly the case for older adults whereas the young
adult sample between tests (in size) thus may be more difficult to compare directly.
As far as we are aware, perceived test difficulty has not been examined previously
with IIV in young and older adults using the MILO test thus we cannot make any

comparisons with the current study at present.

Intraindividual variability and Educational level

There was no significant relationship between educational level and IIV in both
young and older adults. This result supports the TMT (Chapter 3) and Simple and
Choice RT tests (Chapter 4) finding no influence of education on II'V in young adults

(despite different sample populations).

In contrast, the results contradict the findings of older adults during visual search
which found a greater level of formal education (in years) was related to less
variation of reaction time. Outcome variability in the older adult population suggests
that the effect of education depends on the type of test used (i.e. visual search and
not TMT, Simple RT or choice RT) and the age of the participants (i.e. older adults

and not young adults).
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We can only make speculations about the current results at present as, to our
knowledge, the MILO test has not been used in ageing studies to examine

intraindividual variability between young and older adults.

Intraindividual variability and Sex

There was no significant relationship between sex and IIV in both young and older
adults. The current result suggests that in young and older adults, males are as

consistent as females in their RT performance during the MILO test.

As with information processing speed, IIV has not been examined between young
and older adults using the MILO test thus the current results cannot be compared to
previous research. However the result supports the findings of previous chapters (see
Chapter 3 and 4) males are as consistent as females in their RT performance for both
males and females. In addition, the MILO also contradicts the visual search test (as
did the other attention tests) which observed young males to be less varried in their
RT performance compared to females. This further supports our assumption that the
influence of sex on IIV depends on a particular visual attention test (i.e. visual

search).

Intraindividual variability, anxiety and depression levels

In young adults, anxiety or depression levels did not relate to how varied the
participants were at beginning the test (IIV1) or the variability for overall test
performance. As mentioned above, in young adult demographics, anxiety levels were

between low and normal levels thus may explain why no relationship was found.

In older adults, anxiety levels related to RT variability of the first ball tap (despite
overall levels being low) with higher levels of anxiety relating to greater variability
of RT performance when beginning the test. Levels of anxiety may therefore be
associated with hesitancy effects i.e. being anxious about beginning the test thus
exacerbating the speed of information processing. Anxiety did not correlate with RT
implying that anxiety has more of an influence on how variable older adults are at

beginning the test compared to how fast they are.

Finding no effect of anxiety or depression on II'V for completing the test (IIV8 —
IIV1) is in addition to finding no relationship between IIV and age, subjective

memory function, education or perceived test difficulty.
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Therefore this may indicate that for overall performance, information processing
speed is more sensitive to effects of different person related factors i.e. educational

level, as well as being more sensitive to the effects of ageing.

Intraindividual variability and objective cognitive performance (MoCA)

In young adults, there was no significant correlation between objective cognitive
performance and II'V. The integrity of overall cognition did not appear to relate to

the variability of information processing speed in the MILO test.

In older adults, better performance in the MoCA test i.e. better general cognition
related to less varied information processing speed in completing the whole test.
(ITV8 —IIV1). This implies that the integrity of the CNS (related to IIV) remains
intact which is also highlighted by finding no significance of IIV between young and
older adults. However as mentioned above, we could not include brain scans to

confirm the integrity of brain structure and function.

Finding no relationship between IIV and MoCA score for RT1 implies that the
integrity of general cognition did not have an effect on how variable older adults
were at beginning the test 1.e. whether older adults were hesitant at tapping the first
response. As mentioned above, factors such as subjective memory function may be
associated with hesitancy effects and slow information processing speed and not its

variability.

Errors

Errors related to tapping the incorrect numbered ball during the sequence and
resulted in the trial being repeated. Young adults made significantly more errors on
group level compared to older adults possibly due to a lack of concentration other
than being unable to complete the correct number sequence. Making errors resulted
in the trial being repeated thus young adults performed more trials thus providing
more practice. Practice effects may have improved performance or learning per se
which may have reduced age effects of IIV since IIV was not significantly different
between young and older adults for overall performance. However this does not
explain why age effects were not reduced for information processing speed since a

significant difference in RT was observed between young and older adults.
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Since young adults were faster at performing the test compared to older adults this
implies that there was a speed/accuracy trade-off with young adults focusing on

speed rather than accuracy i.e. to complete these extra trials and finish the test.

In relation to participant gender, in both young and older adults, there was no
significant difference between males and females in the mean number of errors made
thus implying no effect of sex on the level of accuracy of performance in both young

and older adults.

Outliers

The results of information processing speed and IIV produced some significantly
greater (i.e. slower and more variable) scores in both young and older adults. These
outliers differed from those eliminated from analysis due to extraneous variables. In
addition, outliers occurred across each condition measured in the MILO test, namely
the time to begin the test (RT1) and overall test performance excluding the possible

hesitancy effects of the first response (RT8 - RT1).

In older adults, these outliers may be depicting disproportionate slowing and
variability due to underlying structural change in attention function the MILO test
measures (i.e. executive function and information processing speed). If this is the
case, these individuals cannot be used within healthy control groups as they may be
skewing the mean result of what is considered to be a ‘normal’ level of slowing in

healthy older adults during the MILO test.

Some outliers from the first response (RT1) and (RTS8 - RT1) were produced by the
same older adults across the MILO test conditions. This highlights their potential
clinical significance i.e. underlying cognitive dysfunction thus further examination
and follow up will be of interest. Alternately, significantly slower and more variable
RT scores may depict poor performance due to the method of testing i.e. the use of
an iPad. The older adults in the current study may have been unfamiliar with using
tablet technology which may have exacerbated their performance and increased
hesitancy effects i.e. being uncertain about beginning the test. A limitation of the
current study was not to ask older adult participants whether iPads were unfamiliar
as well as general feedback about completing the MILO test to determine whether

this had an effect on RT performance.
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We speculate that outliers in young adults may be associated with young adults
being distractible or due to methodological issues i.e. finger tap not recorded quickly
enough associated with outliers; these outliers being too low to be eliminated
automatically. However it cannot be ignored that these adults may be poor at the task
or despite being young, may be displaying early signs of further cognitive decline i.e.

in the attentional test measured (executive function).

MILO Study Limitations

The main limitation was the unequal sample sizes between young and older adults
with the sample of younger adults being significantly smaller compared to older
adults. However despite the smaller young adult group size, there was a significant
difference of information processing speed between young and older adults implying
the sample size was robust enough within the test and information processing speed
is sensitive to aging in the MILO test although what the results did observe was that
some aspects of the MILO may have been more sensitive than others particularly the

to the effects of IIV.

The aim during the MILO was to use the same young and older adults from the
previous tests (TMT, Simple RT and Choice RT) to compare outcome variability of
information processing speed and the effect of person-related factors between
different attentional tests. However, not all participants completed each test
particularly the young adults as only 58 young adults from the previous sample of 80
were measured during the MILO test due to running out of time to test participants.
Therefore it may be difficult to make direct comparisons between the MILO and the
other attentional tests particularly in young adults although arguably, there was a
large overlap in the people who completed each test. In addition young adults had
performed more trials due to making more errors since incorrect trials resulted in the
trial being repeated. This may have improved performance or learning i.e. practice,
enough to improve RT performance which may have influenced the resulting

comparison between young and older adults.

It is important that people can keep up with new technology and an issue to highlight
would have been older adult participants not performing as well as young adults due
to them not being as familiar with using an iPad. Indeed we speculated that being
unfamiliar with the iPad may have related to the potential hesitancy effects when

beginning the test.
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However all participants responded well to the technology as observed before by
Collerton and colleagues [2007] who observed computerized tests to be more
acceptable than pen and paper tests and by Jenkins et al [2016] who explored young

and old attitudes to iPad technology and received a positive response.

Many of the older adult participants were familiar with using iPads, having one
themselves which highlights that an increasing amounts of older adults are utilizing
electronic devices due to technology is moving forward at a fast pace [Rentz et al,
2016]. However a limitation of the current study was not to ask both young and older

adults what they thought about using the iPad.

Finding no significant relationship between reaction time and subjective feelings for
overall performance may have related to not including enough older adults
perceiving changes to their memory function to compare RT and IIV with
individuals perceiving no changes to their memory function. Splitting older adults
(those with memory complaints compared to those with no memory complaints) and
with larger samples may have found a different relationship. However a relationship
was found in the first two conditions suggesting the effects of subjective memory

function are dependent on the test or condition used.

Alternatively, finding no relationship of subjective memory function in each
condition i.e. overall RT performance may have related to the age of the older adult
sample. The older adults on average in this MILO study are quite young with the
average age of 66 years with respect to the maximum age of older adults which
could have been included (80 years). It may be expected that older adults at the
younger end of the age range would not report as many changes to their memory
function compared to the older individuals thus information processing speed being
to ‘normal’ levels expected in healthy ageing. It may have been of use to separate the
older adult age range into groups (i.e. 50s, 60s, 70s and 80s) and include a larger
sample in each groups to determine whether the older range (i.e. 70s and 80s)
perceive more changes to memory function and whether this has an effect on

information processing speed and I1V.
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Conclusion

The iPad test (MILO) used in this study contributed to a battery of attention tests
designed to examine the integrity of information processing speed and IIV in young
and older adults and examine the influence, if any, person-related (RT) factors (sex,
education, subjective memory function and the psychological factor of perceived test
difficulty) had on RT and IIV . This was in the attempt to determine whether the
characterisation of information processing speed in ageing is dependent on the type

of visual attention test used.

Information processing speed was significantly slower in older adults compared to
young adults across conditions although older adults were only more varied when
beginning the test (RT1). Subjective memory function did not influence IIV
however, greater perceived changes to memory function related to slower
information processing speed when beginning the test (RT1). Finding this result in
the MILO test may imply that these aspects the test are sensitive to subjective
memory function thus need to be taken into account when measuring information

processing speed in MILO studies.

Perceived test difficulty had no influence on information processing speed and its
variability thus individual judgement of the MILO in young and older adults bore no
relationship to the actual test performance. Contradictory findings to that of the
Choice RT, Trails B and the Target alone condition of the visual search test
highlights that the influence of perceived test difficulty may be dependent upon the
attentional test i.e. attentional function measured. Education only influenced overall
RT performance (RTS8 - RT1) and not IV in the MILO, whereas there was no

relationship of sex and information processing speed or IIV.

The MILO was examined particularly to compare with the TMT (as mentioned in
Chapter 3) in its measure of information processing speed in relation to executive
function but containing multiple trials thus determine whether multiple trials increase
test sensitivity. Multiple trials appear to be more sensitive to the difference on
information processing speed as observed by a greater effect size of age effects in the
MILO compared to that of the TMT. This has already been argued by Haworth and
colleagues [2016] that using a research test of multiple trials (i.e. visual search) may
be more significant for finding ageing effects of information processing speed

compared to the clinically used TMT.
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In addition, we argue that tapping the iPad screen may be more accurate compared to
drawing a line through the numbers and letters in the TMT and can be completed
successfully. This relates to finding both young and older adult participants failing to

complete the TMT [see Chapter 3] but not failing to complete the current MILO test.

Outcome variability of results within the MILO and between each of the tests
examined in this thesis appears to be dependent on the type of test (and attentional
function) and also dependent on age as person-related factors influenced
information processing speed differently in young adults (sex) and in older adults
(education and perceived test difficulty). This may impact which test to use in
research for the characterisation of information processing speed and IIV in ageing.
Therefore in the following chapter, effect sizes will be examined between tests to
determine which test(s) may best discriminate differences of RT and IIV between
young and older adults as well as which tests show the biggest effects of person-

related factors on RT and IIV.
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6.0. CHAPTER SIX: Comparing Tests — Effect sizes

One of the main aims of this thesis was to investigate whether differences in RT and
IIV between young and older adults (ageing effects) were similar across a variety of
different attention-related tests. Another aim was to determine how person-related
factors, namely sex, education, subjective memory function and perceived test
difficulty may differentially affect, or not, the outcome of RT and IIV and error
performance. Comparing the potential effects of a variety of factors as well as any
interaction between them, was examined in much greater detail than in previous
studies of ageing. Especially novel was the inclusion of subjective memory function

and perceived test difficulty as factors.

Another novel aspect of this research overall was the inclusion of a study designed to
measure the influence of trial number upon RT, II'V and errors (a block design
choice RT test, i.e. the Choice RT was split into four separate blocks to measure how
RT performance in both young and older adults may change throughout the test
whether due to fatigue (slower RT), practice effects (faster RT) or any other factors

or their combinations.

An additional new initiative was an attempt using a modified MILO task to examine
the influence of ‘first response hesitancy and whether this might significantly
influence any differences between young and older adults in overall test performance
(comprised of numerous trials) i.e. results being much slower than they should be. It
may be the case that taking first response hesitancy into account is useful when
measuring information processing speed in RT studies in order to obtain a more
accurate difference between young and older adults. The MILO was modified to
measured similar function to that of TMT and visual search and used as another
attention-related test to compare RT and IIV but using different stimuli and
administered via an 1Pad platform to determine whether a different response
mechanism provides a better representation of information processing speed

integrity.

In order to compare test outcome in the second larger study (TMT, Simple RT,
Choice and MILO), ideally the same participants were to complete each test so direct
comparisons could be made between tests as to which were more sensitive to ageing

effects and the influence of person-related factors.
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However, not all the same participants (both young and older adults) completed each
test for a variety of reasons. Some older adults were too tired to complete the test

battery or were only available to be tested for some tests and not others.

Occasionally equipment malfunctions occurred (for both young and older adults)
thus the test could not be completed and the participant was unable to return to
repeat the test. This is a potential limitation of the second study since the aim was to
directly compare each test. However there was a large enough overlap of young and
older adults to provide large enough samples in order to compare RT, IIV and errors
between tests. In addition, in an attempt to reduce the effect of this potential
limitation, the demographics of both young and older adults (education level, anxiety
and depression levels and objective cognition score [MoCA]) were very similar for

all tests and with a narrow range of scores.

In this chapter we compared effect sizes of information processing speed and 11V
between young and old in each of the attentional tests examined in the first study
(visual search) and the second study (TMT, Simple RT, Choice RT and MILO) to
statistically observe which test(s) appear most sensitive to ageing effects. In addition
we compared effect sizes of the significant relationships between information
processing speed, IIV and different person related factors (sex, education, perceived
test difficulty and subjective memory function) to observe which results are more
robust and what may affect RT and IIV results in each test thus what might need to
be taken account of when undertaking studies and clinical testing in this area.
Information processing speed is regarded as an important measure of the integrity of
brain structure and function (as stated in the relatively new DSM-5) but there is a
lack of detail as to which RT test may best measure this integrity and not considering
the possible influence of different person related factors. Effect sizes between
information processing speed and IIV were also compared to determine whether RT
or IIV is a more sensitive measure of the differences between young and older adults

as well as any effects of person-related factors.

It is difficult to compare the outcome many previous studies of RT and IIV because
tests and participant groups are different but we used the same participant where
possible to directly compare tests. In addition previous studies have not always
provided effect sizes within their results thus making it difficult to compare them to

new studies and to each other.
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Therefore in the current chapter we examined the tests with respect to their effect
size 1.e. the effect size of the difference between old and young information
processing speed, IIV and errors which can then be compared to each other to

observe which test may be more robust thus more useful in ageing studies.

Visual search findings and effect sizes

In chapter two, a single study examining ageing with respect to a typically used
visual search test of attention-related information processing speed and its variability
(ITV) was reported. Information processing speed was found to be significantly
slower and significantly more variable in older adults compared to young adults.
Information processing speed and IIV were found to be associated with education,
sex, and perceived test difficulty although these effects were associated with the task
conditions (e.g. whether distracting information was present or not) and the age of
the participant (young or older adults). Greater perceived difficulty of the test related
to faster information processing speed only in the target alone condition and in older
adults. Higher levels of education in older adults were associated with faster and less

varied information processing speed but only in the target plus distractors condition.

In contrast, only in young adults (and target plus distractors condition) was there an
effect of sex on information processing speed and its variability with males

performing significantly faster and less variably compared to females.

In relation to the factor of subjective memory function in older adults, there was no
relationship with information processing speed or IIV in either condition. Finding
older adults to be significantly slower compared to young adults suggests that the
visual search test is sensitive to the effects of ageing per se i.e. the test components
affected by ageing. This is supported by finding very large effect sizes (> 0.49) for
the difference of information processing speed and IIV between young and older

adults (see Table 30).
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Table 30. Effect sizes for the relationships found for visual search in each condition

(Target alone and Target plus distractors)

Target alone Target + distractors
RT difference of old vs 0.73 0.77
young
Perceived test
difficulty + RT 0.29 (Older adults) No relationship
correlation
E ion + RT
ducatlon_ No relationship 0.40 (Older adults)
correlation
Sex + RT Correlation No relationship 0.33 (Young adults)
IV difference of old 0.63 0.62
Vs young
Educat|on.+ e No relationship 0.35 (Older adults)
correlation
Sex + IV correlation No relationship 0.37 (Young adults)
Perceived test
difficulty + education 0.44 (Older adults)
correlation

Visual search has been examined in multiple studies and effect sizes have been
found to be large (0.63 to 1.1) [e.g. Tales et al, 2010; Tales et al, 2005; Phillips et al,
2013] as found in the current study (0.73 and 0.77). When comparing with the
current study, some of these previous studies used smaller sample sizes [e.g. Tales et
al, 2010] and arguably this may have affected results and how robust they are.
However, even though the current study used larger age groups the effect sizes were
also large. This may imply that smaller numbers of participants is not important and

the visual search test is very sensitive to the ageing process.

These previous visual search studies did not take into consideration factors such as
perceived test difficulty, or subjective memory function alongside sex and education
as well any correlations between them. We examined these factors in the current
visual search study to determine whether these previously ignored factors
(particularly perceived test difficulty and subjective memory function) may affect
information processing speed and IIV. In addition, observing how subjective
memory function may affect information processing speed may help to characterise

SCI per se.

254



If effects of different factors are found, future visual search tasks should take the
effects of different factors into account so as not to misinterpret changes (i.e.
slowing) to information processing speed in healthy ageing thus inaccurately

characterising healthy ageing.

An effect of perceived test difficulty may imply other aspects of self-assessment i.e.
perceived ability may also have an influence on information processing speed.
Finding an effect of perceived test difficulty on RT in visual search implies that
previous visual search studies may have exaggerated the size of the differences of
RT between young and older adults by not taking this factor into consideration.
However the effect size of the relationship between perceived test difficulty and
information processing speed was small (< 0.29) [see Table 30]. This suggests the
result is not very robust thus finding an effect may not be as significant as the p

value suggests.

Moderate effect sizes (> 0. 29 and < 0.49) were found in correlations between
information processing speed or IIV and sex and education and from correlations
between subjective memory function, perceived test difficulty and education. These
moderate effect sizes imply the resulting relationships are fairly robust thus the
significant effect of sex and education should be considered when measuring
information processing speed and IIV during ageing studies using visual search. In
addition an effect of education was found for RT in older adults despite a narrow
range of education scores within the visual search test. RT between young and older
adults gave a larger effect size compared to IIV (see Table 30) which implies RT in

visual search is more affected by ageing than II'V.

The DSM-5 does not specify which tests to use in relation to information processing
speed nor the effects different factors may have on information processing speed and
ITV within these tests. This makes it unclear as to which RT tests are best to use i.e.
more sensitive to the effects of ageing or whether influenced by different factors.
The effects of factors found in the current results may impact how information
processing in ageing is characterised in visual search thus impact how visual search
is measured in research studies i.e. consider sex and education depending on the
condition or the age of the individual. In addition, finding visual search to be
sensitive to the effects of ageing (large effect size) may impact which tests are used
in clinical settings. Typically clinics include the TMT in their neuropsychological

battery as the measure of information processing speed.
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However the current visual search test was observed to be more sensitive i.e. more
affected to differences in RT between young and older adult information processing
speed (i.e. larger effect sizes) compared to the current TMT which produced very
small effect sizes (See Table 31) and compared to other TMT studies with small
effect sizes [e.g. 0.21 for Trails B in Haworth et al, 2016]. This suggests that visual
search may be a better test to use in clinical settings to compare disproportionately
slower information processing speed (possible cognitive impairment i.e. MCI or

dementia) with healthy controls.

A second study was designed to examine a variety of different attentional tests and
whether they would produce similar relationships and similar effect sizes to the
visual search (Chapter 2). The tests used in this second study are similar to the visual
search in relation to the aspects of attentional function they measure i.e. executive
function, selective attention, attentional shifting and decision making. Therefore
comparing the outcome of each test with each other and with the visual search we
may find a test more sensitive to ageing other than the visual search and test(s) more
or less affected by factors such as sex and education. Tests less affected by other
factors suggest that any changes of information processing speed (i.e. slowing) are

more likely to relate to the effects of age.

Second study findings and effect sizes: comparing to visual search

In chapter 3, 4 and 5 different visual attention tests were used in a larger multi-test
type study; the TMT, the Simple RT and the Choice RT tests and the modified-
MILO test. As in the visual search test outcome was related to several factors and
their combinations. Information processing speed was found to be slower in each test
(and more variable in Simple and Choice RT and RT1 of the MILO) in older adults
compared to young adults. In the TMT, RT was associated with the task conditions
(e.g. RT effected in Trails B and not Trails A) and perceived test difficulty (greater
perceived test difficulty relating to slower RT) but not with sex, education or
subjective memory function. In the Simple and Choice RT test, older adults were
significantly slower and more variable compared to young adults. RT and IIV were
associated with perceived test difficulty (greater perceived test difficulty relating to

slower RT) but not with sex, education or subjective memory function.
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In the MILO test RT was associated with the task conditions (e.g. RT effected in
RTS8 - RT1 and not RT1) subjective memory function (perceiving changes to
memory function related to slower RT) and education (higher education related to
faster RT) but not with sex or perceived test difficulty. It is clear therefore that the
results of the second, larger study highlight outcome variability in relation to the
effect of different factors appear dependent on the type of test or sub-test used
particularly in relation to subjective memory function as an effect was only found in

MILO and not any of the other tests (including visual search).

In addition, outcome variability appeared dependent on the age of the participant as
found in visual search i.e. person- related factors effecting RT in older adults and not
young adults thus should be taken into account when comparing information
processing speed in young and older adults. The variability of results between tests
also suggests the design of the paradigm may be influential i.e. using different
stimuli or having multiple trials compared to a single trial. The attention-related tests
used in the current study ostensibly measured similar aspects of attention. However,
the use of different stimuli or trial numbers may have recruited slightly dissimilar
aspects of brain function which may be differentially sensitive to ageing thus result
outcome varied between tests. Different samples especially between initial study
(visual search) and second larger study (TMT, Simple RT, Choice RT and MILO),
may have accounted for outcome variability between tests for whether person-related
factors were associated with differences in RT or IIV. However it must be noted that

demographics were similar across young and older adult groups.

6.1. Effect sizes and Information processing speed

Table 31. Comparing the Effect sizes (Cohen’s d) in information processing speed

between young and older adults in each test or sub-test

Visual Search TMT MILO
Target Target + Simple | Choice RT8-
alone | distractors | Trails A | Trails B RT RT RT1 RT1
Effect
size 0.73 0.77 0.26 0.27 0.24 0.54 0.58 0.66
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The MILO (overall RT and the first response) and Choice RT produced large effect
sizes although they were not as large as the visual search (target alone and target plus
distractors). Large effect sizes imply that these tests may be considered as highly
sensitive to the effects of ageing. In contrast, the TMT and Simple RT produced
small effect sizes implying these tests were less affected by ageing thus a lack of
sensitivity. It must be noted that not all participants completed each of the tests
however there was enough overlap and similar demographics to make comparisons
between tests. In addition the participant sample in the visual search differed to the
participant sample in the other tests thus effect sizes may not be directly comparable

although demographics were similar.
MILO

In the MILO test the effect size of overall RT (RT8-RT1) was larger than effect size
of first response (RT1). As mentioned in the MILO chapter (Chapter 5), excluding
the first response may increase the difference between young and older adults. Older
adults were still slower in their overall RT response compared to young adults
despite removing any hesitancy effects from the first response. Therefore any initial
hesitancy of tapping the first ball does not appear to reduce ageing effects on
information processing speed thus does not explain overall slowing of test

performance between young and older adults.

Comparing TMT and Visual search

The dichotomy between tests has been examined between TMT and visual search
and it has been argued that multiple trial computer based RT tests other than the
TMT (i.e. the visual search) may be better to distinguish differences of information
processing speed in ageing as observed by larger effect sizes [e.g. Haworth et al,
2016]. This was supported in the current study as the effect sizes for the visual
search were also larger compared to TMT suggesting visual search is more sensitive

to the effects of ageing.

In clinical settings the TMT is commonly used as an RT measure yet in the current
study effect sizes were small compared to other research tests such as the visual
search, MILO and Choice RT. Therefore, research tests may be a better measure of

the effect of age on RT and IIV.
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In view of increasingly emerging evidence of outcome variability one should ask
whether the DSM-5 statement needs to highlight such potential outcome variability
and to state the type of test(s) that should be used to clinically measure the integrity
of information processing speed. This emphasises the need to raise awareness that
different types of test provide different age-related results and therefore the different
brain functions they recruit may be differentially affected by the ageing process

which may impact which tests should be used in research and clinical settings.

Comparing MILO and TMT

Finding differences in sensitivity between multiple and single trial tests provided a
rationale for why the MILO is compared with the TMT (as discussed in Chapter 3)
since both tests measure similar attentional functioning but differ in terms of

methodology i.e. number of trials.

The MILO (overall performance) was found to better distinguish differences in RT
between young and older adults compared to the TMT (i.e. greater effect sizes were
observed in the MILO). The TMT contained a single trial which may not be a true
representation of attentional function required since the test can be greatly affected
by an individual making a one-off mistake. Therefore, the TMT may not be as
sensitive in distinguishing differences of RT between young and older adults (as

established by the smaller effect sizes [see Chapter 3).

Simple RT compared to Choice RT

The current research found the Choice RT test produced larger effect size thus a
stronger association between the reaction time of young and older adults compared
to the Simple RT test which was considered to be poor (small effect size). This
supports the conclusion drawn by Der & Deary [2006] that the cognitive functions
from a choice RT test display greater differences i.e. slowing during ageing
compared to a simple RT test. The Choice RT in current study recruited additional
function i.e. decision making and these additional functions may be more sensitive to
ageing effects. In addition older adults older adults have less ability to deal with
processing larger amounts of information from more complex tasks at one time so
instead process smaller amounts of information consecutively thus produce slower

information processing speed compared to young adults.
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Differences between tests

Differences of effect sizes between the tests in the current research supports previous
arguments that irrespective of any cognitive impairment or lack of, information
processing speed can vary in the same group of people depending on the type of task
or methodology used [e.g. Torrens-Burton et al, 2017; Haworth et al, 2016; Tales et
al, 2010; Der & Deary, 2006].

For example the use of different stimuli or using multiple or single trials may
activate slightly different brain functions which may be differently affected by
ageing. Effect size may also have depended on the specific aspect(s) of brain
function, i.e., attention, that is being measured thus differences of effect sizes
between tests suggests that not all cognitive functions are effected by ageing in the
same way as suggested by Robbins and colleagues [1997]. Different visual attention
tests require a greater number of brain functions during test performance thus there is
greater chance that a greater number of components will be more affected by ageing
although between tests some results were very similar i.e. RT was always found to

be slower in older adults compared to young adults.

It must be highlighted that within the differences of information processing speed
and II'V between young and older adults, there were outliers in the data. These
outliers were different to those removed before analysis due to extraneous variables.
It is possible that these outliers represent disproportionately slower and more varied
information processing speed in certain individuals which may account for the

significant differences between young and older adults.

6.2. Effect sizes and intraindividual variability

Table 32. Effect sizes of comparing intraindividual variability between young and

older adults from each test or sub-test

Visual Search
Visual search Target + Simple | Choice MILO
Target alone distractors RT RT RT1
Effect
size 0.63 0.62 0.26 0.41 0.5
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The large effect sizes were observed in the visual search conditions (target alone and
target plus distractors) and the RT1 condition of the MILO implying robust results of
information processing speed between young and older adults. Moderate effect sizes
were observed in the Choice RT implying the results were fairly robust. A small

effect size was found in the Simple RT test implying less robust results.

Visual search may be more sensitive to differences in RT variability between young
and older adults compared to the MILO and especially the Simple and Choice RT
tests. Previous studies using visual search have not always included IIV alongside
RT thus the current results may suggest that IV is a useful measure to distinguish
between young and older adults’ performance in RT tests. However, the effect sizes
were larger compared to the effect sizes for IIV implying that information processing

speed is more sensitive to the effects of ageing.

Multiple trials in the MILO allow for a measure of variability of RT performance
which the TMT could not achieve thus one reason for using the MILO test. Older
adults were more variable at beginning the test compared to young adults
demonstrated by a moderate effect size thus examining the first response in the
MILO may be useful for distinguishing differences of IIV in ageing thus may be a

useful measure in other RT tests using multiple trials i.e. visual search.

In contrast, overall MILO performance did not find a significant difference of IIV
between young and older adults. This result differs to the results from the each of the
other tests in the current research which found a difference of IIV between young
and older adults. Finding an ageing effect on IIV only when beginning the test (RT1)
may imply that excluding the first response from the overall RT eliminated the

majority of the variance between young and older adults.

Therefore we speculate that finding an ageing effect on IIV in the other attention
tests in the current studies may have related to including the first response in each of
these tests. It is possible that greater variability occurs when beginning the test
(possibly due to hesitancy) thus if not excluded this first response influences the

overall test performance i.e. the test being more variable than it should be.
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6.3. Effect sizes for correlations between information processing speed and

person-related factors
Information processing speed and subjective memory function

For most of the tests perceived memory function did not correlate with information
processing speed. Only the RT1 condition of the MILO (time taken to begin the test)
showed a relationship with subjective memory function with less perceived changes
to memory function (higher MFQ score) associated with faster information
processing speed. This may suggest that perceived memory change relates to
possible hesitancy effects when beginning the test i.e. perceiving memory function to
be worse thus feeling less confident in beginning the trial. The results also indicate
that SCI per se (at group level) is characterized by an association with hesitancy
effects for the first response in MILO. Therefore, we speculate that subjective
memory function and SCI may also be related to the first response in the other
attention tests in the current studies. Excluding the first response from RT tests may
indicate that any perceived changes to memory function no longer have an effect on
information processing speed thus do not misrepresent the level of slowing which

occurs in ostensibly healthy adult control groups.

It must be noted however, that the effect size in the MILO test was small (0.26)
implying a less robust result despite a significant result i.e. a weak association
between subjective memory function and information processing speed in the RT1
condition in the MILO. Therefore subjective memory function may need to be taken
into account for this condition but other factors may be more sensitive to the

differences in RT between young and older adults i.e. the effects of age.
Information processing speed and perceived test difficulty

Not all tests found a relationship between perceived test difficulty and information
processing speed. The effect sizes of those tests and sub-tests which found a

relationship are displayed in the table below.

Table 33. Effect sizes comparing correlations of information processing speed and
perceived test difficulty between Target alone condition (visual search), Trails B

condition (TMT) and Choice RT

Visual search TMT

Target alone Trails B Choice RT
Effect 0.29 (older 0.29 (older 0.27 (young
size adults) adults) adults)
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Effect sizes for the Target alone condition (visual search) and Trails B (TMT) were
marginally larger compared to the Choice RT however all three effect sizes were
small implying a weak association between information processing speed and

perceived test difficulty.

It must be noted that the Target alone and Trails B results related to older adults
whereas the Choice RT result related to young adults thus effect sizes may not be
directly comparable to each other. In addition, in the visual search perceiving the test
to be more difficult related to faster RT compared to slower RT in the TMT and
Choice RT. Taking perceived test difficulty into account may be dependent on which
attentional test is used when measuring information processing speed in research and
clinical studies as well as the age of the participant i.e. whether young and older

adults find the test more difficult.

Despite a small effect size there may be an aspect of judgement influencing how
quickly the tests are performed thus any slowing of RT may not necessary relate to
any cognitive impairment. However any affects of perceived test difficulty on RT
may be depended on the participant sample used in future studies using the same
attention tests from the current studies (e.g. visual search, TMT, Choice RT). For
example how difficult individuals perceive the test to be may depend on factors such
as their level of education (having additional skill) or dexterity of motor movement
(poor movement results in test completion being challenging). Alternately as effect
sizes between perceived test difficulty and RT were small, there may be other
explanations for information processing speed differences between young and older
adults i.e. age effects or the type of attention test or aspect of attentional function

measured.

We can only make speculations as to why outcome variability for perceived test
difficulty and RT occurs between tests. Different psychological factors i.e. self-
assessment such as perceived test difficulty have not been examined in great detail in

the attention tests used in the current studies thus replication is needed.

Information processing speed and educational level

Not all tests found a relationship between educational level and information
processing speed. The effect sizes of those sub-tests which found a relationship are

displayed in the table below.
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Table 34. Effect sizes comparing information processing speed and educational level

between Target plus distractors condition (visual search) and RT8-RT1 (MILO)

Visual search
Target + MILO
distractors RT8-RT1
Effect
size 0.40 0.23

The effect size for the Target plus distractors condition was of medium strength
whereas the effect for the RT8-RT1 condition was small. A larger effect size for the
Target plus distractors condition implies a more robust association between
information processing speed and educational level in the visual search test

compared to that of the MILO test.

In the visual search, faster information processing speed related to higher education
in older adults which may indicate that education can improve cognitive reserve i.e.
the brain’s resilience to any pathology which may occur due to disease, such as
dementia. Higher education has been demonstrated to produce a significant reduction
in the prevalence of dementia [Sattler et al, 2012; Meng & D’ Arcy, 2012] thus
implying that higher education is associated with higher cognitive reserve [Mourany
& Pillai, 2014]. This may provide an explanation for why information processing
speed was faster in older adults with higher education. High levels of education are
potentially protecting against any possible cognitive impairment thus information
processing speed appears to remain at normal levels for ostensibly healthy ageing.
However, this does not explain why a correlation was not found between RT and
education in the other conditions within visual search and MILO or in the other
attention tests in the current studies. Levels of education in older adults were similar
across the attention tests thus we would speculate that similar effects of education
would thus occur in each test. In addition, the majority of the same participants
completed the TMT, Simple RT, Choice RT and MILO therefore we would
speculate that the same levels of cognitive reserve would have been present when

performing each test.

Therefore, outcome variability between tests suggests education should be taken into
account when measuring information processing speed depending on the attention
test or brain function measured i.e. visual search. A possible limitation of the current

studies was not including a measure of cognitive reserve but only educational level.
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In addition, education was not split into high and low levels as used previously
[Verhage, 1965] which may provide a clearer measure of whether there is a
relationship between high education and faster information processing speed in other

aspects of attention i.e. the other attention tests in the current research.

Information processing speed: Sex comparison

An influence of sex on information processing speed was only found in young adults
and in the target plus distractors condition in the visual search test. The effect size
was of moderate strength (0.33) implying a moderately robust association between
sex and information processing speed i.e. young males being faster compared to

females.

This result suggests that in visual search, young males and females perform the test
at difference speeds, one speculation being due to hormone levels. For example
oestrogen levels may affect attention systems [McEwen, 2001] and as oestrogen
levels are high, cognitive performance in tasks which males tend to be better at
performing i.e. spatial ability, is poorer in females [Hampson, 1990]. This may
explain differences in cognitive performance i.e. information processing speed in
visual search between young and as hormone levels balance out in older age, this
may explain why no difference in RT was found between males and females in older
adults. However, we are only speculating at present and further investigation is
required to explain differences between young and older adult males and females i.e.
measuring hormone levels. In addition further investigation is required as to why sex
effects were only found in the visual search test and not the other attention tests in
the current studies (TMT, Simple RT, Choice RT and MILO). At present we
speculate that this may have related to the aspect of attention being measured i.e. the
type of attention test used. Alternatively differences between tests may have related
to having a different sample of participants and numbers of males and females in the

visual search compared to the other attention tests.
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6.4. Effect sizes between intraindividual variability and person-related factors

Intraindividual variability and subjective memory function

There was no significant correlation between subjective memory function and IIV in
any test or condition within each test. This implies that perceived changes to memory
function is not characterized by a greater variability of information processing speed
in visual search, TMT, Simple RT, Choice RT or MILO in ostensibly healthy older

adults perceiving changes to their memory function.

The results also indicate that SCI per se (at group level) is not characterized by a
greater variability of information processing speed in these attention tests the same
ostensibly healthy older adults perceiving changes to their memory function.
However finding no effects of subjective memory function may have related to the
inclusion of fewer older adults in the sample perceiving changes to memory function
(low MFQ score) compared to perceiving changes to memory function. Therefore
using the attention tests from the current study, further investigation is required
including a better comparison between older adults who perceive changes to memory
function and those who do not for a clearer measure of whether there is a

relationship between subjective memory function and II'V.

Intraindividual variability and perceived test difficulty

Only Choice RT found a relationship between perceived test difficulty and IIV of
moderate strength (effect size = 0.34). This implies that the result is fairly robust i.e.
in young adults, greater perceived difficulty related to more variable RT performance
in the Choice RT. Taking perceived test difficulty into account may be dependent on
which attentional test is used when measuring IV in research studies and should also

be considered in clinical studies.

For the Choice RT, the effects size was smaller when measuring RT compared to
measuring IIV thus implying that [TV may be more sensitive to the effects of
perceived test difficulty in this test. To reiterate, perceived test difficulty has not
been examined in great detail in previous attention tests such as the tests examined in
the current studies as well as including a measure of IIV alongside information
processing speed. Therefore, further examination is required as to why relationships
are found between IIV and perceived test difficulty in the Choice RT and not in other

attention tests i.e. visual search, Simple RT and the MILO.
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Intraindividual variability and educational level

Only the target plus distractors condition in the visual search test found a
relationship between educational level and IIV of moderate strength (effect size =
0.35) implying a fairly robust result that higher education relates to less variable RT
performance (in this condition of the visual search). Lower IIV may relate to higher
education being associated with better cognitive reserve i.e. preserving cognitive
function from any impairment. However as argued above, we would expect similar
effects of education on IIV in the TMT, Simple R, Choice RT and MILO since the

majority of the same participants completed each test.

In the visual search test, the effect size for correlating RT with education was larger
compared to the effect size comparing education with II'V. In addition, IIV did not
significantly correlate with education level in overall performance in the MILO
whereas there was a significant correlation with RT. This suggests that information

processing speed is more sensitive to the effects of education than IIV.

Finding an effect of education on IIV may be dependent on the attention test used
and aspect of attention being measured thus should be taken account in research
studies including IIV as a measure. Including II'V and using visual search may also
be useful in clinical studies alongside measuring information processing speed thus

in these clinical studies the effect of education should also be taken into account.

Intraindividual variability: sex comparison

Only the target plus distractors condition in the visual search test found a significant
difference in IIV between males and females and this sex effect was only in young
adults. The effect size was of moderate strength (0.37) and only slightly larger
compared to the effect size for RT (0.33) thus implying a fairly robust result that
young males are less varied (as well as faster) compared to females possibly due to
hormone differences (as suggested in the RT section above). Therefore, in the visual
search test the variability of performance between young males and females should
be taken into account to better characterise differences of IIV in young adults
compared to older adults. Variability between young males and females may relate

to differences in brain functions i.e. males better at spatial ability.
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Only finding sex effects on IV in the visual search and not the other tests in the
current studies (as also found with RT) may suggest that differences of IIV between
young males and females may be dependent on the test thus may indicate why II'V in
young males and females was similar in the TMT, Simple RT, Choice RT and the
MILO.

Overall, the visual search test was affected by the most number of factors (i.e. sex,
education and perceived test difficulty) despite being the most sensitive test to
ageing effects although this did appear to be dependent on age (education effects in
older adults but sex effects in young adults). This implies that the visual search (and
the aspects of attention measured) may be the most sensitive test to the effects of age
but is also sensitive to variation caused by these factors. This finding may be useful
in future use of the visual search test in research studies or even in clinical studies so
that these factors can be taken into account as possible influences on information

processing speed and IIV.

Arguably, when comparing young and older adults, it may be best to use the types of
attentional tests in which information processing speed and II'V are least effected by
different factors (i.e. Choice RT not effected by sex nor education). This suggests we
can be more certain that any changes to information processing speed is indeed due
to healthy ageing effects and when RT is disproportionately slower it may relate to
pathological ageing i.e. MCI or dementia. Therefore if it is important not to have
many effects of person-related factors, we may be able to use tasks such as Simple
RT which found fewer effects of factors despite a small effect size (i.e. less
sensitive) to age effects on information processing speed and IIV. Additionally, the
Choice RT found large effects of age similar to the visual search but in comparison
information processing speed and IIV were not affected by sex and education.
Consequently, the Choice RT may be a better test to use in ageing and RT studies if
differences in RT and II'V appear to relate to age effects and not person-related
factors. However we understand that the effects of person—related factors cannot
always be controlled for or excluded completely thus must simply be taken into
account when comparing RT and IIV between young and older adults. Alternatively
finding effects for a greater number of factors in visual search compared to the other

attention tests may reflect individual differences in the participants used.
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If this is the case, how information processing speed and II'V is measured should be
based on the individual person. This has implications especially in clinical studies as
it implies that we should use person centred diagnosis and treatment to acknowledge

individual differences.

6.5. Comparing RT and IIV

Effect sizes for the difference in RT and IIV between young and older adults were
compared within each test as well as between tests to see which may be more
sensitive to ageing. The TMT could not measure IIV thus was not included in this

comparison.

Table 35. Effect sizes comparing information processing speed (RT) and

intraindividual variability (IIV) between young and older adults between tests and

subtests
Visual Search MILO
Target + Simple Choice

Target alone distractors RT RT RT1

Effect size
RT 0.73 0.77 0.24 0.54 0.58

Effect size
1\ 0.63 0.62 0.26 0.41 0.50

Effect sizes were larger when measuring the difference of RT between young and
older adults suggesting that information processing speed is more sensitive to the
effects of ageing compared to IIV. This appears to support the statement by the
DSM-5 that information processing speed is a significant measure in ageing and
particularly when comparing healthy ageing control groups and abnormal ageing i.e.
MCI and dementia. However in the Simple RT test, the effect size for measuring IV
was larger compared to the effect size for RT, although only slightly. IIV has not
been considered by the DSM-5 as a measure alongside information processing speed
in different attention tests thus it may be the case that how young and older adults are
compared (whether using RT or IIV) should be evaluated based on which attention

test is being used.

In addition person related factors correlated with RT more so than correlating with
ITV implying information processing speed is more sensitive to the effects of person

related factors (also not considered in the DSM-5).
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Therefore different factors should be taken into account in research and clinical
studies depending on whether they are measuring information processing speed or
IIV. In addition, whether person-related factors should be considered should be
based on the attention test used as in the current studies, effects of factors on RT or

ITV appeared to be test dependent.

It has not been common practice in previous research or in clinical studies to include
both RT and IIV. We argue that since both measures were found to be affected by
age in the current studies, they are both useful for characterising differences between
young and older adults. Therefore RT and IIV may also be useful for characterising
differences between ostensibly healthy ageing and pathological ageing i.e. MCI or

dementia.

6. 6. Choice RT: comparing blocks of trials
Information processing speed

It is common to use multiple trials to measure RT and II'V but rare to examine how
the number of trials per se may influence RT performance. We included novel design
of the Choice RT test paradigm by splitting the trials into blocks to examine how the
number of trials per se may influence RT performance and whether these changes, if
any, are due to fatigue (slowed) or practice effects (sped up) any other factors or

their combinations.

Table 36. Effect sizes comparing information processing speed of young and older

adults between blocks of trials in Choice RT

Block 1 Block 2 Block 3 Block 4
Effect size 0.59 0.49 0.51 0.45

Block 1 and Block 3 produced large effect sizes implying that these blocks best
differentiated differences in RT between young and older adults. This result from
Block 1 in particular supports previously finding RT to be significantly affected by
age in earlier trials compared to later trials [Fernaeus et al, 2013]. The smallest effect
size occurred in Block 4 although this was still a moderate effect size thus implying

a moderately robust result.
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The effect size in Block 1 suggests there was a large difference in RT between young
and older adults i.e. older adults significantly slower compared to young adults. We
speculate that this may relate to the influences of the first response as discussed in
the MILO test (Chapter 5). Older adults are possibly slower at the beginning of the
Choice RT test due to hesitancy effects thus having effect on the overall information
processing speed in the first block i.e. a greater difference in RT between young and
older adults than there should be. It would be useful to examine the first trial in
future Choice RT tests to determine whether it indeed has an impact on the first

block when separating trials or for overall RT performance during Choice RT.

In Block 3 a large difference was found between young and older adult information
processing speed. From post hoc analysis it was suggested that young adults were

slowing throughout the test and older adults were getting faster. Young adults were
possibly slowing due to fatigue although we would have expected greater fatigue in
older adults due to their poorer ability to process multiple stimuli (as required in the

current Choice RT) thus putting a greater strain on mental resources.

Information processing speed in older adults decreased i.e. sped up throughout the
test. This implies that older adults are not faster per se but are influenced more so
than young adults by different factors contributing to task performance i.e. practice.
Practice may improve performance or learning thus decreasing information
processing speed. Therefore older adults’ RT performance may be dependent on the
number of trials included which may need to be taken into account in research and

clinical studies when measuring information processing speed in older adults.

The large effect sizes when comparing separate blocks of trials (i.e. Block 1 and
Block 3) were similarly as large as the effect size examining overall RT performance
between young and older adults (i.e. a single RT score). Therefore, we speculate that
the number of trials is as sensitive to the effects of age thus may be a useful measure
to consider in RT research or in clinical studies by providing more detail of how RT

is influenced in young and older adults i.e. fatigue or practice effects.
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Intraindividual variability

Table 37. Effect sizes comparing IIV of young and older adults between blocks of
trials in Choice RT

Block 1 Block 2 Block 3 Block 4

Effect size 0.52 0.26 0.31 0.29

Block 1 produced large effect sizes implying a robust result thus this block best
differentiates differences of IIV between young and older adults. This may relate to
the first trial being more variable due to hesitancy effects (as discussed for
information processing speed) thus producing a greater difference in IIV between

young and older adults than there should be.

Small effect sizes from the other blocks imply less significant differences of 11V
between young and older adults. This was supported by post hoc analysis which
revealed that throughout the test, both young and older adults produced little

variability in their RT performance.

The effect sizes from comparing separate blocks of trials were greater when
measuring information processing speed compared to measuring IIV. This may
indicate that information processing speed is more sensitive to the effects of the
number of trials and should be included in RT studies to better differentiate between

young and older adults.

6.7. Comparing errors between tests

The mean number of errors was calculated for young and older adults for each test
and each sub test where possible. The number of errors for TMT could not be

quantified so this test is not included.

Table 38. Mean number of errors made by young and older adults between each test
or sub-test

Visual Search Choice RT
Target Target + Simple | Block | Block | Block | Block
alone distractors RT 1 2 3 4 Milo
Mean | Young 0.44 0.46 0.63 0.95 1.08 0.90 1.18 2.57
error | Old 0.37 0.33 0.42 0.55 0.70 0.71 0.60 1.25

272




The mean number of errors was compared between young and older adults. Again
the TMT could not be measured as number of errors could not be quantified. Only in
the Choice RT test (between trial blocks) and the MILO did Mann Whitney analysis
reveal a significant difference in the mean number of errors made between young
and older adults. The effect sizes for these two tests were calculated and are

presented in the table below.

Table 39. Effect sizes comparing the mean number of errors between young and
older adults in the Choice RT across blocks and the MILO test

Choice Block | Choice Block | Choice Block | Choice Block
1 2 3 4 MILO
Effect 0.22 0.28 0.19 0.29 0.44
size

The effect size for the Choice RT was small across the four blocks implying the
differences of errors between age groups are significant but the result is not very
robust. In contrast the effect size for the MILO test was of moderate size implying a
more robust result with younger adults making a greater number of errors compared

to older adults.

In these two tests, young adults made significantly more errors compared to older
adults. We speculate this is unlikely to reflect impairment to their attentional
function resulting in making errors during the test. Young adults are possibly trading
accuracy for speed thus making more errors (speed/accuracy trade off [van Veen, et
al, 2008; Salthouse, 1979]). This may be supported by also finding large effect sizes
in the difference of RT between young older adults i.e. young adults may perform
the test quickly but respond randomly (press any key or button) thus they are not
necessarily activating the attentional areas required to processes the stimuli correctly

and make the required response.

Older adults may not necessarily be slower due to age effects but instead they aim to
perform the test correctly i.e. tap the stimuli in the correct order) thus slow their
performance in order to achieve this. Indeed it has been observed previously that
older adults place more emphasis on accuracy rather than speed [Brébion, 2001;

Salthouse, 1979].
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Individual differences of the speed/accuracy trade-off between participants is
recognised and anticipated during RT studies [Brébion, 2001; Yellott, 1971; Pachella
& Pew, 1968]. We tried to control for this speed/accuracy trade off by instructed
everyone to be as fast and as accurate as possible. However our results highlight that
there are individual differences in which aspect of the RT test a person holds more

value to.

Older adults appeared to make a great number of errors in the MILO compared to the
Choice RT (although this is only speculated at present) which may be reflecting
impairment in attentional function required to perform the test. However we
speculate that there are greater chances to make more errors (by both young and
older adults) during the MILO compared to the Choice RT as there are more actions
to carry out in each trial i.e. moving around the screen and tapping multiple stimuli
which gives more opportunity to make mistakes. If errors relate to the test design, the
attention test itself may not be an accurate measure of information processing speed
and the aspect of attention the test measures. We speculate this may have been the
case for the current MILO test as young adults made significantly more errors

compared to older adults.

For the Choice RT test and the MILO test effect sizes for RT and IIV were larger
compared to the effect sizes for the number of errors. This implies that information
processing speed and IIV are more sensitive to the effects of ageing. This implication
may be supported by not finding a significant difference in error rates between
young adults in the other attention tests (visual search, TMT and Simple RT) but

finding a significant difference in RT and IIV.

Therefore it may be more useful to measure RT and IIV rather than the number of
errors in attention tests to determine what occurs in ageing. Tests such as visual
search produced fewer errors by both young and older adults (difference was not
significantly different) but was still sensitive to ageing effects (large effect size).
Although ceiling effects need to be avoided, perhaps tests such as the visual search
should be used in future ageing studies which produce fewer errors in older adults

and particularly young adults but are still sensitive to ageing effects.
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6.8. Limitations for comparing current effect sizes

A potentially significant limitation, particularly in relation to the second study, was
that not all young and older adults completed each test. This was due to a number of
reasons i.e. some participants were too tired to finish the battery, equipment
malfunctions, time constraints or loss of data. Different sample sizes and different
participants between tests may have made it difficult to directly compare results
although demographics were very similar in each age group. However there was
enough overlap young and older adults completing each test to provide large enough
samples to compare RT, IIV and errors. It must also be noted that the sample in the
visual search differed to the second larger study of attention tests thus any

differences in results from the visual search may have been a result of this.

Analysis was conducted at group level however, it would be interesting to examine
at individual level. Having a rich amount of data for one person for a number of
different areas of visual attention can provide a more detailed picture of what
changes are occurring to that individual as each individual is different, their baseline
performance would be different so their decline would be different (i.e. different
levels of cognitive reserve). This requires conducting a longitudinal study to examine

how change in RT performance, if any, may occur over time.

6.9. Conclusion

Outcome variability of the effect of person-related factors (sex, education, perceived
test difficulty, subjective memory function) was found to be dependent on the
attention test or condition within a single test. In addition, differences in effect sizes
for the difference of information processing speed between young and older adults

imply some tests are more sensitive to the effects of ageing than others.

The most sensitive tests to age effects appear to be the visual search test, the iPad
modified-MILO test and the Choice RT test whereas the poorer tests being the TMT
and the Simple RT test. This is interesting as the tests considered to be poor,
particularly the TMT, are already used during neurological assessment thus there is
the possibility that clinical studies should reconsider which tests are used when

measuring information processing speed.
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Noticing that even amongst the tests used in this thesis there are significant
differences of information processing speed between young and older adults, could
demonstrate that measuring information processing speed during ageing is important
but possibly test dependent thus not as simple as the DSM-5 suggests. It also
highlights the importance of using particular tests if they are to be used to
discriminate either processing speed changes in healthy aging, or potentially

processing speed changes between healthy and pathological ageing.

Note there was some correlation between tests of RT although thus may depend on
what aspect of brain function information processing speed is related to. The main
aim was not to correlate between tests although in a brief examination of RT and [TV
between tests from the second study (i.e. those with similar participant sample), in
both young and older adults the tests producing smaller effect sizes correlated with
each other (Simple RT and TMT) and the tests producing larger effect sizes
correlated with each other (MILO and Choice RT). These results are summarized in

the appendices.
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7.0 CHAPTER SEVEN: General summary and discussion of the thesis

7.1. Findings in relation to the aims discussed and stated in the thesis

introduction

One main aim was to measure the integrity of information processing speed and its
variability between young and older adults along with the aim to determine whether
effects of RT and IIV were similar across difference selective attention tests. The
results of information processing speed were similar in all attention tests in the
current research as older adults were significantly slower in their RT performance
compared to young adults. What varied between tests were the effect sizes for how
robust the differences between Young and older adults’ information processing speed
may be. The results for IIV were similar between the attention tests in the current
research apart from one (modified- iPad based MILO test). As with the RT results,
effect sizes for IIV varied between those tests which did find a significant difference

of IIV.

Another main aim was to determine any potential effects of sex education subjective
memory function and perceived test difficulty on information processing speed and
its variability. Within this aim was to determine whether the number of trials has an
effect on RT and IIV which was examined in the Choice RT test. Whether these
factors correlated with RT or IIV appeared to be dependent on the attention test used
or the condition within a single test, as well the age i.e. factors effecting older adults
more so than young adults. Effect sizes between RT or IIV and factors also differed
between tests suggesting differences in how robust the relationships were i.e. how
much of an effect factors had on RT or IIV in different tests. In the Choice RT test,
the number of trials appeared to influence RT and IIV in young and older adults
suggesting that Choice RT (and maybe the other RT tests) should include an
examination of the number of trials when used in research and the method of testing

information processing speed (and IIV) should be re-evaluated in clinical studies.

Test dependency and differences in effect sizes highlight that information processing
speed is not as simple a measure as suggested (i.e. in the DSM-5). Both factors have
not been considered in previous RT studies despite previously finding effects on

information processing speed to vary within ageing and RT research and even in AD

and MCI research.
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It must be noted that participants differed between the initial visual search study and
the second larger study (TMT, Simple RT, Choice RT and MILO) which may
explain outcome variability between tests although there were a number of reasons
why results may have differed (discussed in more detail in each study chapter) i.e.
individual differences in cognitive reserve, uneven sample of males and females, the

type of test used, multiple trials compared to single trials.

There has been much debate as to whether to use parametric or non parametric
testing with RT data. In this thesis we used non parametric testing as normality
testing stated that data not normally distributed requires non parametric testing.
However, it has been argued [Lumley, Diehr, Emerson & Chen, 2002] that a large
enough data set like this suitable for parametric testing, therefore we include
parametric analysis in the thesis (see appendices). The results were similar when
conducting parametric testing as well as the non parametric testing used. If non
parametric and parametric are in agreement, it can be argued that both statistical
analyses can be used and any significant comparisons made to information

processing speed in this research are indeed significant.

7.2. Outliers

When comparing outliers across the attention tests used in this thesis, in older adults,
participant 28 displayed significantly greater and more variable information
processing speed in the visual search test and the MILO test. Otherwise all older
adults’ participants presenting as outliers adults as well as outliers within young
adults differed between tests. Participant 28 may be of interest to examine further as
they may be reflecting greater abnormal function and possible neurodegenerative
change if information processing speed is significantly slower in more than one test.
Interestingly this participant perceived few changes to their memory function which
may suggest there is no underlying impairment although alternatively, any

impairment was not recognised for what it was.

Access to brain scans are required to determine whether the participant in question
has physical structural change thus possible underlying cognitive impairment to

warrant such disproportionately slower and more variable RT scores.
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The number of errors made by Participant 28 may be an additional reason for
suspected cognitive dysfunction. However when comparing the number of errors
made between tests, Participant 28 did not make the greatest number of errors
compared to other participants in the visual search, Simple RT, Choice RT and the
MILO test although errors in the Choice RT test were still greater than the mean
error rate. It is a possibility that this individual put more emphasis on accuracy rather
than speed to the extent of producing significantly slower RT in order to complete

the test correctly.

7.3. Effects of results on research and clinical settings

The results of the current study may impact which tests should be used to best
examine differences in information processing speed and IIV between young and
older adults in ageing studies. In addition results highlight which person- related
factors should be taken into account when measuring RT and IIV in ageing so as not
to misinterpret any slowing or variability. The findings from the current research
may impact upon how information processing speed should be measured in clinical
settings between healthy controls and disease associated with cognitive dysfunction

such as MCI or dementia.

Effect sizes were greatest in the visual search test and the Choice RT; research based
tests containing multiple trials. In contrast the TMT, a clinical single trial test
produced small effect sizes thus less robust results. This implies that research tests
using multiple trials may best distinguish RT differences in ageing (young and older
adults) thus also should be used in clinics to compare MCI or AD and healthy
controls. It has been argued by other research that a greater number of trials (used in
RT research tests) may provide more sensitive results [Haworth et al, 2016;
Salthouse & Fristoe, 1995]. Finding an effect of sex, education and perceived test
difficulty in visual search suggests these factors should be taken into account during
RT research thus also should be included measuring information processing speed in

clinics.

An additional benefit of using multiple trials is the ability to measure intraindividual
variability. The current studies found older adults’ RT performance to be
significantly more variable compared to young adults thus highlighting that IIV is

also a useful measure in distinguishing between young and older adults.
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Not all RT studies have also included IIV when comparing young and older adults or

MCI and dementia to healthy ageing.

7.4. Limitations across tests

In MILO and Choice RT (across blocks) young adults made significantly more errors
compared to older adults. We speculate this is unlikely to reflect impairment to their
attentional function resulting in making errors during the test. Young adults are
possibly trading accuracy for speed thus making more errors (speed/accuracy trade
off [van Veen, et al, 2008; Salthouse, 1979]). This may be supported by also finding
large effect sizes in the difference of RT between young older adults i.e. young
adults are significantly faster and making significantly more errors. It has also been
observed previously that older adults place more emphasis on accuracy rather than
speed [Brébion, 2001; Salthouse, 1979] which is supported by the current results
from the MILO and Choice RT as older adults made fewer errors compared to young

adults thus were more accurate but were slower.

Individual differences of the speed/accuracy trade-off between participants is
recognised and anticipated during RT studies [Brébion, 2001; Yellott, 1971; Pachella
& Pew, 1968]. We tried to control for this speed/accuracy trade off by instructed
everyone to be as fast and as accurate as possible. However our results highlight that
there are individual differences in which aspect of the RT test a person holds more

value to.

Some tests may not have been a good measure of information processing speed for
example, the TMT could not be completed by a few young and older adults and the
Simple RT version contained distracting stimuli before the target which should have
been removed in order to better reflect previous Simple RT tests. The tasks
themselves attempted to replicate validated methods where possible instead of using
already tested versions (due to access) although this was limited to the programmes

and resources available.

All young and older participants were analysed as one group sample. For the young
adults the age range spanned seven years and all were psychology university students
so similar in terms of education and mainly students of psychology discipline.
Therefore, significant individual differences were not expected. In contrast, the older
adults age range spanned three decades and the average age of the older participants

was 65 years therefore a young sample in comparison to the maximum age range.
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It would be expected that the younger end of the spectrum (50 years) would perform
better during RT tests thus having faster information processing speed compared to
the older end of the spectrum (80 years). The samples of both older adults and young
are limited to psychology students and older adults in the local community who are
interested in participating thus reducing the generalizability of the participant sample.
This has been commented on before [Lachman, 2004] yet could not be avoided due

to study restrictions i.e. limited funding and participant availability.

It would be expected that older adults in their 50s would have better perception of
their memory and less concerns compared to those in their 80s which may explain
the current MFQ score ratio with more individuals declaring no memory concerns
compared to having memory concerns. There were not enough individuals with
memory concerns within the older adult sample to correlate with information

processing speed.

Participants were only tested on one occasion and could not take into account the
possibility that perceived memory may fluctuate, due to temporary conditions such
as fatigue, or everyday stressful life events. In addition, older adults from the
community may not have had ongoing concerns or notice significant change prior to
being tested until asked to think about their cognition during the study. There was no
use of brain scans therefore it is unclear as to the extent of physiological changes to
link with subjective complaints which is still a factor which needs be included (as

mentioned in Torrens-Burton et al, 2017).

It would have been preferable to test exactly the same participants performing the
entire battery as having all the same young and old adults would provide a better
characterisation of which test best differentiates between young and older adults to
strengthen the comparison of each test. Differences in participant numbers between
tests occurred due to some participants growing tired or unwilling to complete every
task, impaired equipment (i.e. older computer software) or due to time constraints.
The visual search test measured a different sample of young and older adults thus it
would be useful to observe whether including the visual search in the larger test

battery with the same participants, would result in a similar outcome.

Factors not measured in this research were sleep complaints which can influence
reaction time [Gagnon, Baril, Gagnon et al., 2014; Altena, Ramautar, Van Der Werf
& Van Someren, 2010], nor occupation the level of which has also been related to an

individuals’ susceptibility to age related cognitive decline [Schooler, Malatu &
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Oates, 1999] or pathology such as Alzheimer’s disease [Stern, Albert et al, 1999].
Occupations which are lower in complexity are argued to be a higher risk for
cognitive decline compared to more cognitively challenging professions [Capurso,
Panza, Solfrizzi et al, 2000]. In relation to sex, males have been found to be faster
compared to females suggested to relate to higher levels of testosterone related to
improved RT performance [Fontani et al, 2004; Muller, 1994]. Furthermore,
medication was not considered. Larson and colleagues [1987] identified having an
adverse reaction to drugs i.e. benzodiazepines is associated with cognitive
impairment in an elderly population. The cognitive impairment caused by drug
intake is more sensitive in older adults [Molchan, Martinez et al, 1992]. Drugs can
also cause changes to i.e. metabolic structure which mimics what also occurs in
Alzheimer’s disease [Tonn, Bartenstein, & Dahmen, 2005; Riepe, Walther, Vonend
& Beer, 2015].

Asking participants to rate perceived test difficulty may not have been the correct
question despite correlating with information processing speed although it is a novel
factor so has room for refining. For a better relationship between self reporting and
true information processing speed, it may be more pertinent to ask participants to rate
their perceived performance of the task instead of test difficulty and correlate with
true information processing speed. Using self-rated measures have been found to
relate to cognitive performance in healthy adults implying that subjective measures
can predictive of cognitive decline [Jessen et al, 2014; Reed, 2010; Earles &
Salthouse, 1995].

Furthermore, it may have been more appropriate to ask about perceived visual
attention function instead of memory function, after all it was visual attention being
examined. This could observe whether peoples’ perceived changes in visual attention
reflects actual slowing of visual attention. People do not tend to understand slowing
of visual attention function for what it is but if given scenarios, they would be able to
report any difficulty, thus understand the types of daily struggles which constitute the

slowing of visual attention.

7.5. Future directions

This research has the potential for expansion and further analysis firstly to measure
other areas of visual attention i.e. perception, divided attention using the same novel
methodology to observe whether similar differences are observed in information

processing speed during ageing and whether RT in these areas are influenced by
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subjective measures or other factors such as perceived test difficulty, sex and
education. Furthermore, further analysis may include additional factors such as sleep
and occupation, which have been discovered to influence information processing
speed as mentioned earlier. Measuring impulsitivity would also be beneficial,
particularly for the young adults to observe whether this was a significant influence

on their faster information processing.

As discussed throughout the current research, the young adults tend to make more
errors and it was suggested that this may be due to them being more impulsive with
their responses. It would be interesting to measure eye saccades through eye tracking
particularly during the visual search to examine exactly where participants are
orienting their attention and observe whether distractors are indeed inhibiting
attention to a target directly. Furthermore, including brain scans would help provide
a better idea of any structural and functional impairment to the brain and how this
reflects in information processing speed. Further research would benefit from
separating the older adults into decades in order to compare them to each other.
Tombaugh [2004] measured information processing speed during the TMT in older
adults by decade and RT increased as they got older in both Trails A and Trails B
which may be true for other visual attention tests. Additionally, improving the
generalizability of the sample would involve expanding the young adult population
to include non university students of the same age and include a greater number of
males in both young and older adult groups due to the current sample being female

biased which may explain sex effects.

In order to measure education effects more thoroughly, years of education may
benefit from being split between high and low levels of education i.e. up to 11 years
vs. 11 years onwards reflecting compulsory and further education [Verhage, 1965].
However, there is an issue with splitting education in this way as in young adults
there would be a poor ratio of low to high education levels in order to make a
comparison due to the few years of further education young adults have reached
compared to older adults [Tun et al, 2008]. This was especially true for the current
study as the young adult population were not as advanced in years of further
education compared to the older adult population. Furthermore, the ration of low and
high education was also poor in older adults due to there being significantly more
highly educated therefore making it difficult to make a comparison with lower levels
of education. Perhaps it may be better to compare education levels between age

groups rather than within age groups.
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It may also be useful to split MFQ scores (no concerns with memory vs. high
concern) and correlate with information processing speed, seeing as correlating total
MEFQ found no relationship across tests. This would require recruiting additional
older adults to achieve a better ratio of individuals with no concerns and individuals

with high concerns.

A longitudinal study of same people tested in this research would observe any further
decline on attentional function and what effect would that have on information
processing speed and II'V. Currently, visual attention appears to decline naturally in
community dwelling adults therefore it would be useful to explore the relationship
between information processing speed and II'V, subjective memory function,
perceived test difficulty, sex and education [i.e. using the same parameters] in
individuals clinically diagnosed with SCI, to observe whether differences in slowing
at this stage can characterize between slowing in healthy ageing and slowing in

potential neurodegenerative change.
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APPENDIX A

School of Psychology
Vivian Tower
Swansea University
Singleton Park
Swansea

SA2 8PP

15" July 2015

Dear Members of the Ethics Committee,

Please see attached an emended copy of my ethics application form for the project
titled ‘Investigating the potential influence of perceived changes in memory and
thinking skills upon reaction time and attention in ageing.’

The main change which has been made is in the Information sheet to include
information about the memory testing component during the study which is
included within the MoCa test (also attached). There is also a second poster to
advertise for young people as well as older adults.

Many thanks and kind regards,

Anna Torrens-Burton

& Professor Andrea Tales
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College of Human and Health Sciences
Coleg y Gwyddorau Dynol ac lechyd \/

Swansea University
Prifysgol Abertawe

Volunteers needed for psychology research
on the potential influence of perceived
changes in memory and thinking skills upon
reaction time and attention in ageing

You will be presented with a number of short computerized
and pen and paper tasks.

Eligibility: Males and females between the ages of 50-80yrs in
general good health.

Cannot have any history of serious head injury, serious cognitive,
visual, neurological impairments, depression and no condition
which might be affected by flashing images on a screen and not

have seen your GP about your memory or thinking skills.

Time required: 2 hours (includes breaks)

Venue: Department of Psychology
8th Floor, Vivian Tower,
Swansea University,
Singleton Park,
Swansea,
SA2 8PP

Local travel expenses reimbursed

If you would like to take part or want further information, please contact



College of Human and Health Sciences
Coleg y Gwyddorau Dynol ac lechyd \/

Swansea University
Prifysgol Abertawe

Volunteers needed for psychology research
on the potential influence of perceived
changes in memory and thinking skills upon
reaction time and attention in ageing

You will be presented with a number of short computerized
and pen and paper tasks.

Eligibility: Males and females between the ages of 18-25 in
general good health.

Cannot have any history of serious head injury, serious cognitive,
visual, neurological impairments, depression and no condition
which might be affected by flashing images on a screen and not

have seen your GP about your memory or thinking skills.

Time required: 2 hours (includes breaks)

Venue: Department of Psychology
8th Floor, Vivian Tower,
Swansea University,

Singleton Park,

Swansea,
SA2 8PP

If you would like to take part or want further information, please
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APPENDIX E Swansea University

Prifysgol Abertawe

PARTICIPANT INFORMATION SHEET

Investigating the potential influence of perceived changes in memory and thinking
skills upon reaction time and attention in ageing.

You are being invited to take part in some research. Before you decide whether or not to
participate, it is important for you to understand why the research is being conducted and
what it will involve. Please read the following information carefully.

What is the purpose of the research?

We are conducting research on the relationship between reaction time, vision and visual
attention and perceived changes in thinking and memory skills in ageing. The session should
take no longer than 2 hours including breaks between tests.

Who is carrying out the research?

The data is being collected by Anna Torrens-Burton, PhD student at Department of
Psychology, Swansea University, under the supervision of Prof. Andrea Tales, Department of
Psychology, Swansea University. The research has been approved by the Department of
Psychology’s Research Ethics Committee.

What happens if | agree to take part?

You will be given a number of short tasks and questionnaires which measure your reaction
time, vision and attention and some aspects of your memory. There will be a mixture of
computer based and pen and paper tasks and questionnaires to complete. You will be given
time to ask questions about each of the tasks and to practice them. In between each
different computer-based task you will be offered a short break to rest your eyes and move
about. You will also be asked to complete a range of questions designed to measure some
aspects of your memory and you will also be will also be asked to complete a questionnaire
about yourself, which includes questions about your age, gender, level of education, how
you feel about your memory and thinking skills, occupation, general health (including levels
of anxiety and or depression) and questions about the vision and attention tests you
performed. The outcome of these tasks will be used for research purposes only; they will not
be used for diagnostic purposes and we are unable to provide feedback upon the outcome
of the tests or any interpretation of performance.

Is participation voluntary and what if | wish to later withdraw?

Your participation is entirely voluntary. You have no obligation to take part if you do not
wish to do so. If you decide to participate, but later wish to withdraw from the study, then
you are free to do so at any time. You do not have to give a reason and you will not be
penalized. Just let the researcher know and you will be free to leave.

335



=

&y
Swansea University

What will happen to the information | provide? TR Aamtany

All the data obtained will be confidential to the study and will be used only for research

purposes. You will be identified via a participation number, not by name so that all personal

details are held strictly confidential. Please note that because the data will be made

anonymous, it will not be possible to identify and remove your data at a later date should

you decide to withdraw from the study. Therefore, if at the end of this research you decide

to have your data withdrawn, please let us know before you leave.

An analysis of the information will form part of our report at the end of the study and may
be presented to interested parties and published in scientific journals and related media.
Note that information presented in any reports or publications will be anonymous

What if | have other questions?
If you have further questions about this research please do not hesitate to contact us:

Anna Torrens-Burton Prof. Andrea Tales
Department of Psychology Department of Psychology
Swansea University Swansea University
I SA2 8PP
|
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APPENDIX F
CONSENT FORM

Investigating the potential influence of perceived changes in memory and thinking
skills upon reaction time and attention in ageing.

| agree to take part in the above research. | have read the Participant Information Sheet,
which is attached to this form. | understand what my role will be in this research, and all my
guestions have been answered to my satisfaction.

| understand that participation is voluntary and also that | am free to withdraw from the
research at any time, for any reason and without prejudice.

| have been informed that the confidentiality of the information I provide will be
safeguarded.

| am free to ask any questions at any time before and during the study.
| have been provided with a copy of the Participant Information Sheet.

| understand that it will not be possible to identify my data at a later date, and therefore if |
wish to withdraw my data from the study, | will need to do so before leaving the room.

| am aged 18 years or above.

Data Protection: | agree to the University processing personal data that | have supplied. |
agree to the processing of such data for any purposes connected with the Research Project
as outlined to me.

Name of participant

(PFINT) 1ot eenee

Office Use Only

Participant No.

Study group/condition
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APPENDIX G
DEBRIEF FORM

Investigating the potential influence of perceived changes in memory and thinking
skills upon reaction time and attention in ageing.

Thank you very much for taking part in our research! Now that we’ve finished, let us explain the
rationale behind this work.

There is evidence from previous research of a general slowing of cognitive processing during the
process of aging as a result of age-related changes to the structure and function of the brain.
However, how ageing and any changes in our memory and thinking skills may affect how we see
and attend to things and the speed with which this is performed, is unclear. We are interested
therefore in whether there is any change in response times, vision and attention function during
ageing and whether any such change is related to any changes in our memory and thinking skills
we may experience.

In this research you completed different vision, attention and reaction time tasks. This data will be
compared between individuals of different stages of ageing; in this case young adults aged 18-24
years and older adults aged 50-70 years. Although we expect young adults to be faster at
responding (i.e. lower response times) compared to older adults, the results of these novel tests
from each of our groups will be related to what individuals think about their memory and thinking
skills, thus improving our knowledge about the potential links between memory and attention.

If you feel affected by issues raised by this research and would like to discuss any concerns, then

please contact the study Supervisor: email: ||| | | | })J NI ‘hor<:

You can also contact Swansea University’s Wellbeing services, for advice: Wellbeing Services,
Horton Building, Swansea University, Singleton Park, Swansea, SA2 8PP, Tel: 01792 295592,
www.swansea.ac.uk/wellbeing/. Further information about healthy lifestyles can also be found at
www.bbc.co.uk/health.

If you have any other questions about the research, please do not hesitate to contact us at:

Anna Torrens-Burton Prof. Andrea Tales
Department of Psychology Department of Psychology
Swansea University Swansea University

SA2 8PP SA2 8PP
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Swansea University
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Participant ID:

Investigating the potential influence of perceived changes in memory and thinking skills upon
reaction time and attention in ageing.

1. Age:

2. Gender: Male D Female D

3. Left handed |:| Right handed |:|

4. Current Occupation/Past occupation (if you have had a number of different occupations please
state the one which you have been in the longest):

5. Highest level of education:

[ ] GCSEs/O levels

[ ] Alevels

[ ] Higher education certificates
Bachelors Degree

ﬂ Masters degree
PhD

[ | Doctoral certificates

[ | Other (please specify)

6. Number of years in education:
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NAME :

MONTREAL COGNITIVE ASSESSMENT (MOCA) Education: Date of birth :

Version 7.1 Original Version Sex: DATE:

VISUOSPATIAL / EXECUTIVE / Copy Draw CLOCK (Ten past eleven)
cube (3 paints)

® |

@ End ’,:’ N /

Begin

® ® g

[ ] [ ] [ ] [ ] [ 1 |_/5

Contour Numbers Hands

¢

[ ] 3
MEMORY Read list of words, subject must FACE VELVET CHURCH DAISY RED
repeat them. Do 2 trials, evenif 1st trial is successful. 1st trial No
Do a recall after 5 minutes. points
2nd trial
ATTENTION Read list of digits (1 digit/ sec.). Subject has to repeat them in the forward order [ 121854
Subject has to repeat them in the backward order [ 1742 _ /2
Read list of letters. The subject must tap with his hand at each letter A. No pointsif 2 2 errors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB /N
Serial 7 subtraction starting at 100 [ ]93 [ ] 86 [ 179 [ ] 72 [ ] 65
4 or 5 correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt,0 correct: 0 pt _/3

m Repeat : | only know that John is the one to help today. [ ] /2

The cat always hid under the couch when dogs were in the room. [ ]

Fluency / Name maximum number of words in one minute that begin with the letter F [ 1__ (N211words) _/1
PURIL @ (o)) B Similarity between e.g. banana - orange = fruit [ ] train-bicycle [ ] watch-ruler - j2
DELAYED RECALL Has to recall words FACE VELVET | CHURCH | DAISY RED Points for _ /5
WITH NO CUE [ 1] [ ] [] [] [ ] Eetfllljgzy
. Category cue
Optional Multiple chjiceycue
OR ATIO [ ] Date [ 1 Month [ 1] Year [ ]Day [ ] Place [ 1city /6

© Z.Nasreddine MD www.mocatest.org Normal 226/ 30 t’OTAL /30

Administered by: Add 1 pointif <12yredu )




Name . : Date:

Memory Functioning Questionnaire (MFQ)

This is a questionnaire about how you remember information. There are no right or wrong answers. Circle a
number between 1 and 7 that best reflects your judgment about your memory. Think carefully about your
responses, and try to be as realistic as possible when you make them. Please answer all questions.
GENERAL RATING SCALE

1. How would you rate your memory in terms of the kinds of problems that you have?

major problems some minor problems no problems
1 2 3 4 5 6 7
RETROSPECTIVE FUNCTIONING SCALE .

“

2. How is your memory compared to the way itwas . . .

much worse same much better

a. oneyearago? ............iiiiiiiiiian.. 1 2 3 4 5 6 7
b. fiveyearsago? ................. ... ... 1 2 3 4 5 6 7
c. tenyearsago? ............. .. 1 2 3 4 5 6 7
d. twentyyearsago? ................c.o.un.. 1 2 3 4 5 6 7
e. when you were eighteen? ................ 1 2 3 4 5 6 7
FREQUENCY OF FORGETTING SCALE

3. How often do these present a problem for you?

always sometimes never

Q. NAMES ........ciiriiiiiinrernenennnnn.. 1 2 3 4 5 6 7
b. faces ....... ... ... 1 2 3 4 5 6 7
C. appointments ...................... ..., 1 2 3 4 5 6 7
d. where you put things (e.g., keys) .......... 1 2 3 4 5 6 7
e. performing householdchores ............. 1 2 3 4 5 6 7
f. directionstoplaces ...................... 1 2 3 4 5 6 7
g. phone numbers you've justchecked ........ 1 2 3 4 5 6 7
h. phone numbers you use frequently ........ 1 2 3 4 5 6 7
i. thingspeopletellyou .................... 1 2 3 4 5 6 7
j- keeping up correspondence .............. 1 2 3 4 5 6 7
k. personal dates (e.g., birthdays) ............ 1 2 3 4 5 6 7
Lowords ... 1 2 3 4 5 6 7



Page 2

MFQ (continued)

m. going to the store and forgetting

what you wantedtobuy .................. 1 4
n. takingatest.............. ... ool 1 2 3
0. beginning to do something and

forgetting what you weredoing ............ 1 2 3 4 5 6 7
p. losing the thread of thought in

conversation ............... . iiiieeiaan, 1 2 3 4 5 6 7
q. losing the thread of thought in

publicspeaking .............. .. 000, 1 2 3 4 5 6 7
r. knowing whether you've already

told someone something ................. 1 2 3 4 5 6 7
FREQUENCY OF FORGETTING DURING READING SCALE
4. As you are reading a novel, how often do you have trouble remembering what you have read . . .

always sometimes never

a. inthe opening chapters, once you

have finishedthebook ................... 1 2 3 4 5 6 7
b. three or four chapters before the

one you are currently reading ............. 1 2 3 4 5 6 7
c. the chapter before the one you

arecurrentlyreading ..................... 1 2 3 4 5 6 7
d. the paragraph just before the

one you are currently reading ............. 1 2 3 4 5 6 7
e. the sentence before the one you

arecurrentlyreading ..................... 1 2 3 4 5 6 7

5. When you are reading a newspaper or magazine article, how often do you have trouble remembering what

you haveread . . .

always

a. inthe opening paragraphs, once

you have finished the article .............. 1 2 3
b. three or four paragraphs before

the one you are currently reading .......... 1 2 3
c. the paragraph before the one

you are currently reading ................. 1 2 3
d. three or four sentences before

the one you are currently reading .......... 1 2 3

e. the sentence before the one you
arecurrentlyreading ..................... 1 2 3

sometimes

never
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MFQ (continued)

REMEMBERING PAST EVENTS SCALE

6. How well you remember things which occurred . . .

very bad fair very good
lastmonthis ............... .. ... o, 1 2 3 4 5 6 7
between six months and one year
Vo Lo TN TS 1 2 3 4
between one and five years agois ......... 1 2 3 4 5 6 7
between six and ten years agois .......... 1 2 3
SERIOUSNESS SCALE

7. When you actually forget in these situations, how serious of a problem do you consider the memory failure to
be?...

very serious somewhat serious not serious

B, NAMES ...\ttt 1 2 3 4 5 6 7
b. faces ........cc i, 1 2 3 4 5 6 7
c. appointments ............. ... 1 2 3 4 5 6 7
d. where you put things (e.g. keys) ........... 1 2 3 4 5 6 7
e. performing householdchores ............ .. 1 2 3 4 5 6 7
f. directionstoplaces ........... ... ...l 1 2 3 4 5 6 7
g. phone numbers you've justchecked ....... 1 2 3 4 5 6 7
h. phone numbers used frequently ........... 1 2 3 4 5 6 7
i. thingspeopletellyou .................... 1 2 3 4 5 6 7
j- keeping up correspondence .............. 1 2 3 4 5 6 7
k. personal dates (e.g. birthdays) ............ 1 2 3 4 5 6 7
Lowords ..o 1 2 3 4 5 6 7
m. going to the store and forgetting

whatyouwantedtobuy .................. 1 3
n. takingatest ................ ..ol 1
0. beginning to do something and

forgetting what you weredoing ............ 1 2 3 4 5 6 7
p. losing the thread of thought in

conversation ........... .. .iiiiiiiiinnnn 1 2 3 4 5 6 7
q. losing the thread of thought in

publicspeaking ............... ..., 1 2 3 4 5 6 7
r. knowing whether you've already

told someone something ................. 1 2 3 4 5 6 7
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MFQ (continued)

MNEMONICS USAGE SCALE

8. How often do you use these techniques to remind yourself about things? . . .

always sometimes never

a. keep an appointmentbook ................ 1 2 3 5 6 7
b. write yourself remindernotes ............. 1 2 3 4 5 6 7
c. makelistsofthingstodo ................. 1 2 3 4 5 6 7
d. makegrocerylists .................... ... 1 2 3 4 5 6 7
e. plan your daily schedule in advance ....... 1 2 3 4 5 6 7
f. mentalrepetition .............. ... ... 1 2 3 4 5 6 7
g. associations with otherthings .............. 1 2 3 4 5 6 7
h. keep things you need to do in a prominent

place where you will noticethem .......... 1 2 3 4 5 6 7



PATIENT HEALTH QUESTIONNAIRE-9

(PHQ-9)

Over the last 2 weeks, how often have you been bothered

: More Nearly
by any of the following problems? Several thanhalf  every
(Use “¢” to indicate your answer) Not at all days the days day
1. Little interest or pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
3. Trouble falling or staying asleep, or sleeping too much 0 1 2 3
4. Feeling tired or having little energy 0 1 2 3
5. Poor appetite or overeating 0 1 2 3
6. Feeling bad about yourself — or that you are a failure or

. 0 1 2 3
have let yourself or your family down
7. Trouble concentrating on things, such as reading the 0 1 2 3

newspaper or watching television

8. Moving or speaking so slowly that other people could have
noticed? Or the opposite — being so fidgety or restless 0 1 2 3
that you have been moving around a lot more than usual

9. Thoughts that you would be better off dead or of hurting
yourself in some way

FOR OFFICE CODING 0 + + +

=Total Score:

If you checked off any problems, how difficult have these problems made it for you to do your
work, take care of things at home, or get along with other people?

Not difficult Somewhat Very Extremely
at all difficult difficult difficult
O O O O

Developed by Drs. Robert L. Spitzer, Janet B.W. Williams, Kurt Kroenke and colleagues, with an educational grant from
Pfizer Inc. No permission required to reproduce, translate, display or distribute.



Generalized Anxiety Disorder 7-item (GAD-7) scale

Over the last 2 weeks, how often have you been  Notat  Several  Over half Nearly
bothered by the following problems? all sure days the days  every day
1. Feeling nervous, anxious, or on edge 0 1 2 3

2. Not being able to stop or control worrying 0 1 2 3

3. Worrying too much about different things 0 1 2 3

4. Trouble relaxing 0 1 2 3

5. Being so restless that it's hard to sit still 0 1 2 3

6. Becoming easily annoyed or irritable 0 1 2 3

7. Feeling afraid as if something awful might 0 1 o) 3

happen
Add the score for each column + + +

Total Score (add your column scores) =

If you checked off any problems, how difficult have these made it for you to do your work, take
care of things at home, or get along with other people?

Not difficult at all

Somewhat difficult
Very difficult
Extremely difficult

Source: Spitzer RL, Kroenke K, Williams JBW, Lowe B. A brief measure for assessing generalized anxiety
disorder. Arch Inern Med. 2006;166:1092-1097.




Trail Making Test (TMT) Parts A & B

Instructions:

Both parts of the Trail Making Test consist of 25 circles distributed over a sheet of paper. In Part
A, the circles are numbered 1 — 25, and the patient should draw lines to connect the numbers in
ascending order. In Part B, the circles include both numbers (1 — 13) and letters (A —L); as in
Part A, the patient draws lines to connect the circles in an ascending pattern, but with the added
task of alternating between the numbers and letters (i.e., 1-A-2-B-3-C, etc.). The patient should
be instructed to connect the circles as quickly as possible, without lifting the pen or pencil from
the paper. Time the patient as he or she connects the "trail." If the patient makes an error, point
it out immediately and allow the patient to correct it. Errors affect the patient's score only in that
the correction of errors is included in the completion time for the task. It is unnecessary to
continue the test if the patient has not completed both parts after five minutes have elapsed.

Step 1: Give the patient a copy of the Trail Making Test Part A worksheet and a pen or
pencil.

Step 2: Demonstrate the test to the patient using the sample sheet (Trail Making Part A —
SAMPLE).

Step 3: Time the patient as he or she follows the “trail” made by the numbers on the test.

Step 4: Record the time.

Step 5: Repeat the procedure for Trail Making Test Part B.

Scoring:

Results for both TMT A and B are reported as the number of seconds required to complete the
task; therefore, higher scores reveal greater impairment.

Average Deficient Rule of Thumb
Trail A 29 seconds > 78 seconds Most in 90 seconds
Trail B 75 seconds > 273 seconds Most in 3 minutes

Sources:

e Corrigan JD, Hinkeldey MS. Relationships between parts A and B of the Trail Making Test. J
Clin Psychol. 1987;43(4):402—-409.

¢ Gaudino EA, Geisler MW, Squires NK. Construct validity in the Trail Making Test: what
makes Part B harder? J Clin Exp Neuropsychol. 1995;17(4):529-535.

e Lezak MD, Howieson DB, Loring DW. Neuropsychological Assessment. 4th ed. New York:
Oxford University Press; 2004.

¢ Reitan RM. Validity of the Trail Making test as an indicator of organic brain damage. Percept
Mot Skills. 1958;8:271-276.




Trail Making Test Part A

Patient’s Name:

ORRS




Trail Making Test Part A — SAMPLE

0

@@ o

®




Trail Making Test Part B

Patient’s Name:




Trail Making Test Part B — SAMPLE

ORECI

BIok
© o
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Coleg y Gwyddorau Dynol ac lechyd \/

Swansea University
Prifysgol Abertawe

On a scale of 1 to 7 (1 being very easy to complete, 7 being very difficult to complete and 4 being
neural) please rate how easy or difficult you found each test to complete. (circle the box)

Simple reaction time: press a button when a green circle with GO! appears.

Very difficult to

Very easy to
complete

complete Neutral

1 2 3 4 5 6 7

Choice reaction task: Press ‘z’ if X appears and ‘m’ if O appears.
Very difficult to

Very easy to
complete Neutral complete
| | | ! | | |
I | | I I I I
1 2 3 4 5 6 7
Visual search: responding to the direction of the target arrow
Very easy to Very difficult to
complete Neutral complete
| | | ] | | ]
I I I I I I I
1 2 3 4 5 6 7

351



College of Human and Health Sciences
Coleg y Gwyddorau Dynol ac lechyd \/

Swansea University

Prifysgol Abertawe

Trails A: pen a paper test matching the numbers in order.

Very easy to Very difficult to
complete Neutral complete

| | | ] | | ]

[ [ [ [ [ I ]

1 2 3 4 5 6 7

Trails B : pen a paper test matching the numbers and letters in order.

Very easy to Very difficult to
complete Neutral complete

| | | ] ] ] |

I [ I | | I !

1 2 3 4 5 6 7

Milo: IPad test tapping the numbers in order.

Very easy to Very difficult to
complete Neutral complete

| | | ] ] ] |

| [ I | | I ]

1 2 3 4 5 6 7
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Abstract. A substantial body of research evidence is indicative of disproportionately slowed information processing speed
in a wide range of multi-trial, computer-based, neuroimaging- and electroencephalography-based reaction time (RT) tests
in Alzheimer’s disease and mild cognitive impairment (MCI). However, in what is arguably a dichotomy between research
evidence and clinical practice, RT associated with different brain functions is rarely assessed as part of their diagnosis. Indeed,
often only the time taken to perform a single, specific task, commonly the Trail making test (TMT), is measured. In clinical
practice therefore, there can be a failure to assess adequately the integrity of the rapid, serial information processing and
response, necessary for efficient, appropriate, and safe interaction with the environment. We examined whether a typical
research-based RT task could at least match the TMT in differentiating amnestic MCI (aMCI) from cognitively healthy
aging at group level. As aMClI is a heterogeneous group, typically containing only a proportion of individuals for whom
aMCI represents the early stages of dementia, we examined the ability of each test to capture intra-individual variation in
performance. The results indicate that as well as significant slowing in performance of the operations involved in TMT part
B (but not part A), individuals with aMCI also experience significant slowing in RT compared to controls. The results also
suggest that research-typical RT tests may be superior to the TMT in differentiating between cognitively healthy aging and
aMCI at group level and in revealing the performance variability one would expect from an etiologically heterogeneous
disorder such as aMCIL.

Keywords: Dementia, information processing speed, mild cognitive impairment, reaction time

INTRODUCTION changes such as Alzheimer’s disease (AD) [6-10],
vascular dementia [11], vascular cognitive impair-

Although information processing speed tends to ment [12, 13], cerebral small vessel disease [14],

slow with age [1], disproportionate slowing appears
related to cognitive limitations [2—5] and a wide range
of brain disorders [6], including degenerative brain

*Correspondence to: Prof. Andrea Tales, Department of Psy-
chology, Swansea University, Swansea SA2 8PP, Wales, UK. Tel.:
+44 01792 602567; E-mail: a.tales@swansea.ac.uk.

amnestic mild cognitive impairment (aMCI) and its
conversion to dementia [8] and faster decline in AD
progression [15, 16].

Behaviorally, as reaction time (RT) is an impor-
tant factor in relation to the integrity and efficiency
of brain functions such as those involved in atten-
tion, cognition, and perception, it may provide a

ISSN 1387-2877/16/$35.00 © 2016 — IOS Press and the authors. All rights reserved
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‘real-life’ indicator of changes to everyday func-
tions and explain, at least in part, some of the signs,
symptoms, and changes in behavior related to aMCI
and AD. Indeed, disproportionate slowing is associ-
ated with the cessation of driving [17, 18], mortality
among community-dwelling older adults [19], func-
tional dependence in activities of daily living [19, 20],
walking speed [21], and outcome after stroke [22].

Of particular relevance to potential clinical impact
of such research is the substantial body of evidence
indicative of the relationship between RT and some
aspects of the brain’s structural integrity. Information
processing speed as indicated by RT (i.e., the time
elapsed between the presentation of a stimulus and
the behavioral response), measured over a number of
trials of computer-based stimulus response tests, can
represent a behavioral ‘marker’ of neurophysiologi-
cal integrity. For example, disruption to white matter
and cerebral integrity and change in neurotransmit-
ters is associated with disproportionate slowing of
and raised intra-individual variability in RT [1, 8,
23-30]. Arguably therefore this link between struc-
tural and functional integrity and behavioral RT
indicates the potential for simple RT tests as valid
adjuncts to the assessment of diagnosis, status, stage,
progression, and interventional success in dementia
and related disorders [31].

Furthermore, with appropriate methodological
design, RT can be used to assess the integrity of
specific aspects of brain function including atten-
tion, perception, visual processing, and cognition, at
various levels of processing and in response to differ-
ent processing and resource demands [8]. Indeed, the
majority of dementia-related research studies exam-
ining RT in relation to brain structure and function
(e.g., using techniques such as DTI, EEG, MRI,
fMRI) have tended to utilize multi-trial computer-
based tasks. These have not only allowed measures of
the relationship between behavioral RT and structure
and function but generated additional information
related to performance variability, fatigue, stimuli and
threshold responses, processing load, resource avail-
ability and utilization, patterns of functional decline
and integrity, and response to intervention. RT is
arguably therefore an indicator of an individual’s abil-
ity to respond rapidly, efficiently, appropriately, and
repeatedly to ever-changing stimuli and thus repre-
sents a valid, yet easily obtained, indicator of the
efficiency by which a person can successfully inter-
act with their surroundings. An example being the
constant need for vigilance and response to change
required by driving.

Clinically, despite this research evidence, informa-
tion processing speed tends not to be assessed using a
variety of function-specific, computer-based, multi-
trial RT tests. Although a variety of RT-based tests
are available and in use clinically, in some cases
information processing speed is assessed by measur-
ing the time taken to perform a given task, namely
using a stop-watch to measure the single trial per-
formance of the pen and paper Trail Making Test
(TMT) [32-38]. The TMT is a test administered in
two parts. In Trails A, individuals are required to con-
nect a series of consecutively numbered circles that
are presented in a random pattern on the paper: a
task typically described as probing functions such as
speed of processing in relation to attention, visual
scanning and search, number recognition, numeric
sequencing, and motor speed. In Trails B, individuals
are required to connect a series of numbered and let-
tered circles alternating between the two sequences;
a task typically described as probing the efficiency
of set shifting, mental flexibility, executive func-
tion, divided attention, attention switching, visual
search set shifting, simultaneous maintenance of two
sequences, working memory and cognitive flexibil-
ity; arguably a measure of information processing
speed in relation to multiple high level, non-specific
functions [33, 34, 39]. TMT performance, in both
parts A and B, is evaluated by scoring the time for
completion in seconds, using one trial only.

Although research indicates that TMT perfor-
mance, as in RT, is slower in older compared to
younger adults [33, 40], with additional slowing
related to pathological aging such as MCI, AD [41,
42], and vascular dementia [43] (but see also [10, 15,
21,41, 44-54)), there are potential limitations associ-
ated with the clinical use of the TMT. Although Trails
B is more difficult than Trails A, involving greater
information processing load, range and depth of oper-
ations, and arguably of greatest clinical usefulness,
not all individuals can complete it [55]. Any visual
or motor impairment due to extraneous factors such
as stroke, injury, blindness, or arthritis for example,
will affect test performance. In those circumstances
the test is not administered, or it is interpreted with
caution. Furthermore, the fact that TMT performance
is examined over one trial only precludes the complex
analysis of speed/error trade-off, the motor and non-
motor components of reaction time, thresholds for
change, the influence of environmental factors and
stimulus properties, practice or fatigue effects, the
intra-individual variability of an individual’s perfor-
mance at any one time, and the components of rapid,
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successive information processing and response, pos-
sible with the use of RT tests. RT tests arguably
therefore can provide more ‘data rich’ results than
the TMT. Furthermore the fact that the TMT is pen
and paper-based also means that it is difficult to use
in its exact clinical format in conjunction with neu-
roimaging, EEG, and many other imaging studies
relating behavioral response with underlying phys-
iology (although see Miiller et al. [36] and Hagen et
al. [34]).

Arguably, in the time it takes to administer the
TMT, a highly sophisticated and function-specific RT
and RT variability test (and one typically used in
neuroimaging studies) could be administered using
the user-friendly interfaces of computers, laptops,
or mobile technology devices (e.g., tablets). Poten-
tially, the use of such technology can permit the
automatic and immediate availability and electronic
transfer of results for interpretation and comparison
with previous results. Taking this concept one step
further, mobile device technology means that clini-
cally relevant and research-based RT testing does not
have to be performed within a clinical setting and
does not necessarily require someone to administer
it [56].

Although a major research focus in aMCI relates
to the potential for disproportionate RT slowing
as a ‘marker’ of the increased risk of developing
dementia, the generally ignored fact remains that irre-
spective of cause, substantially slowed information
processing and response may have significant detri-
mental impact upon daily living. Arguably, in terms of
ecological validity and clinical relevance, measuring
processing speed with respect to TMT performance
only, means that degradation in the integrity of the
operations involved in rapid responses to constantly
changing or repeatedly presented information is not
considered when evaluating task competences and
behaviors with inherent RT components. The opera-
tions involved in processing and responding to rapid
and repeated stimuli in a RT test will be different to
those related to the performance of the TMT, and
we suggest that measuring RT may be more akin
to, ecologically valid or relevant with respect to the
investigation of the integrity of information process-
ing speed related to every day tasks which typically
require repeated rapid processing, decision making,
and response. Taking into account all these consid-
erations, should information about processing speed
included in the clinical diagnosis and follow-up of
aMCI and dementia be based solely on TMT perfor-
mance?

We address this question by investigating two mea-
sures commonly used as indicators of processing
speed in aMCI and AD, namely the TMT, sometimes
used in clinical assessment, and the RT component
of a form of visual search test commonly employed
in research and specifically that is used in a series
of previous studies by Tales and colleagues (e.g.,
[8]), in which RT to a target appearing in isolation
is compared to the time taken to respond to the same
target when it is surrounded by distracting informa-
tion. These tasks are similar to Trails B and Trails A,
in that they are generally assumed to involve com-
plex and higher processing levels and varying loads,
attention shifting, eye movements, sequencing, sup-
pression and inhibition of irrelevant or previously
attended locations and stimuli, but unlike the TMT,
numerous trails are presented in quick succession
(as described in the methods section to follow). We
examine in the first instance whether the visual search
based RT tests can at least match the ability of the
TMT to differentiate aMCI from cognitively healthy
aging at group level. Secondly, as aMCl is a clinically
heterogeneous group typically containing a propor-
tion of individuals for whom aMCI represents the
early stages of a dementing process, a proportion for
whom it remains of unknown etiology and others
for whom it is a temporary condition, we exam-
ine the ability of each test to provide intra-group
variation in performance. As both disproportionately
slower task-completion time and RT are related to
the presence of dementia, one would expect to see
some performance variability within the aMCI but
not the cognitively healthy control group in both
tests.

Research has also indicated that in older adults
both age and educational level can influence TMT
performance, although outcome appears to vary with
respect to TMT scoring methods, type of analysis,
and the interpretation of errors [33-35, 41, 57-62].
There is some evidence also that gender can influence
RT although this effect appears to be task dependent
[33, 58, 63-66]. In the present study therefore, as is
common practice, education, age, and gender were
matched at group level to the best of our abilities.
Furthermore, as earlier research on TMT has been
criticized because of the lack of inclusion of a mea-
sure of 1Q [41, 67], we employed the National adult
reading test (NART) [68, 69] to provide an estimate
of general/pre-morbid intelligence or indeed a proxy
of cognitive reserve. As previous evidence highlights
the potential for outcome variability between studies
of processing speed in such populations [8, 70, 71],
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the same individuals are included in all tests so direct
comparisons of performance can be made.

METHODS

This study was conducted according to the princi-
plesin the Declaration of Helsinki. It was approved by
Frenchay Research Ethics Committee and all partic-
ipants gave written informed consent to participate.
Only individuals with the capacity to consent were
included. Capacity to consent was assessed by the
clinician (JH) with specialist expertise in this field
and consistent with the requirements of the Mental
Capacity Act.

Farticipants

Community-dwelling cognitively healthy older
adults and patients with aMCIT (multi-domain
amnestic MCI) were recruited via the Bristol Memory
Disorders Clinic. All had normal or corrected-to-
normal vision. Medication could not be controlled
but none of the participants were receiving medica-
tion or intervention deemed likely to affect cognitive
or reaction-time-related function and those with
aMCI™ were receiving no drug treatment or inter-
vention for this condition, none were classed as
anxious or depressed. All participants performed
a typical Bristol Memory Disorders clinic battery
of neuropsychological tests including Mini-Mental
State Examination (MMSE) [72], WAIS-IIT (Wech-
sler Adult Intelligence Scale) subtests (digit span,
similarities, picture completion) [73], Hopkins Ver-
bal Learning Test-Revised [74], CLOX (executive
clock drawing task) [75], Visual Form Discrimi-
nation Task [76], NART [68], S-word fluency and
animal fluency [45], Story Recall (Adult Memory
Information Processing Battery) [77], Bristol Activ-
ities of Daily Living scale (BADLS) [78], and Brief
Assessment Schedule, Depression Cards (BASDEC)
(screen for depression) [79]. By definition, all the
cognitively healthy older adults performed at age-
appropriate levels on all tests (i.e., z-score above
-1.5). Individuals with a diagnosis of aMCI* had
self-reported and informant corroborated change in
memory and objective decline (z scores equal or less
than -1.5 in memory and at least one other area of
function), in the absence of dementia and intact abil-
ity to perform activities of daily living. Exclusion
criteria included past history of serious head injury,
evidence of physical slowing (e.g., related to Parkin-
son’s disease or arthritis), stroke, and other significant

neurological or psychiatric condition (see Phillips
et al. [8] and [80, 81]). In total, 87 individuals took
part in this research, 48 older adults with mild cog-
nitive impairment and 39 cognitively healthy older
adult controls'. The demographic details are shown in
Table 1.

The cognitively healthy older adult and the aMCI™
groups did not differ significantly with respect to
mean Age [Z=-1.65, p=0.098] or mean Educational
level [Z=-0.53, p=0.6], indicating that attempts
at matching these demographics between groups
was successful. However, the NART score (level
of pre-morbid intelligence) was significantly poorer
for the aMCI* compared to the cognitively healthy
older adult group [Z=-3.3, p=0.001]. As expected,
MMSE score was significantly lower for the aMCI™
compared to the cognitively healthy older adult group
[Z=-2.98, p=0.003].

Experimental task and procedure

In a counter balanced procedure, the TMT (both
Trails A and Trails B) and the visual search task (both
target alone and target plus distracter conditions)
were administered to all participants by a trained
psychometrist. Testing took place within the Bristol
Memory Disorders Clinic.

The pen and paper TMT

When administering Trails A, the psychologist
provided the participants with a practice sheet as a
way of visually explaining the task. Once the partic-
ipants completed the practice sheet, they completed
the full Trails A. For this task the participants were
instructed to draw one continuous line joining a series
of circled numbers in ascending order on a sheet a
paper as fast as they could. They were given a maxi-
mum of 2 minutes to complete this task. Similarly for
Trails B, participants were given a practice sheet and
when happy with the instructions were asked to com-
plete the full Trails B. The test required them to draw
one continuous line joining a series of circled num-
bers and letters in ascending and alphabetical order
on a sheet of paper as fast as they could. A time limit
of 5 minutes is stipulated for this task. Scores are
based on the number of seconds until completion and
the participant’s age. If errors were made on either

IPlease note that some of the participants included in this research
were part of a larger cohort Phillips et al. [8] for whom both Trails
A and Trails B and visual search RT1 and RTS8 conditions were
completed in full.
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Table 1
Demographic details
Education Age NART MMSE

Cognitively healthy older adults (n=39) Mean 14.56 70.5 118.3 27.1
SD 3.1 8.3 8.1 1.5
SEM 0.49 1.3 1.3 0.2
aMCIt (n=48) Mean 144 67.6 111.8 25.9
SD 3.72 8.6 16.6 1.8

SEM 0.54 1.2 24 0.25

tasks participants are immediately informed and they
are allowed to correct them. Errors like this were
accounted for in the time to complete the task or if
they failed to complete the task in the allotted time.

The computer-based Visual Search Task

The visual search task used was one employed
in several previous studies by Tales and colleagues
[8, 80, 81, see also 7], in which the time taken to
respond to a target (namely to discriminate whether
an arrow-head was pointing to the left or right) when
it appeared in isolation upon the computer screen
and the time taken to respond to the same target
when it was surrounded by similar but irrelevant and
distracting stimuli was determined. This paradigm
was presented on a Toshiba Satellite-Pro lap top
computer viewed at a distance of 57 cm. Superlab
software (Cedrus Corporastion San Pedro, CA) was
used to deliver stimulus presentation and response
capture. This choice RT task included a black tar-
get, either a right or left-pointing arrow head; with
participants required to indicate whether the arrow-
head was pointing to the left or right. The distracting
stimuli consisted of seven black arrow-heads point-
ing either up or down. A ‘clock-face’ configuration
(see Fig. 1) was used to position the target, both when
it appeared alone and when surrounded by seven dis-
tracters, in a counterbalanced arrangement in order
to eliminate any visual field position-related differ-
ences in processing. The target appeared eight times

A
< v \
+ A + A
> v
N

Fig. 1. Schematic of the visual search task: target alone and target
plus distracter conditions.

at each of the possible ‘clock-face’ locations giving
a total of sixty-four trials. Distracters were presented
for half the trials. On each trial the central fixation
cross appeared on screen for 1000 ms prior to the
appearance of the target and remained on screen for
the duration of the trial. The stimuli remained on
screen until a response was made. Participants were
instructed to fixate on the center cross at the begin-
ning of each trial and to respond as quickly but as
accurately as possible as to whether the target was
pointing to the right or left by pressing one of two
computer keyboard keys. After instruction, all partic-
ipants were asked to explain the task to the researcher
in order to demonstrate that they fully understood the
task and then performed approximately 10 practice
trials. The ability of the participants to fixate upon the
central cross was checked at the beginning of each
trial by researcher observation. The researcher was
also in a position to record any lack of trial response
and to prompt re-engagement of the task. Par-
ticipants received no performance-feedback during
testing.

DATA ANALYSIS AND RESULTS

Group mean analysis for RT speed was based on
the mean values (of correct trials only) for each indi-
vidual within the group. The mean response times for
TMT, Trails A and B, and the mean RTs (ms) for the
target alone and the target plus distracter search are
displayed in Table 3, together with the correspond-
ing standard deviation and standard error of the mean.
Note that in the TMT, no participants exceeded the
five-minute time limit. For the visual search tasks,
only correct trials were included in the statistical
analysis. Accuracy was high; the mean percentage
of errors overall was low for both the cognitively
healthy (3.2%) and aMCI*" (4.6%) groups with no
evidence of speed accuracy trade off effects. No par-
ticipants failed to respond to a trial and none required
prompting.

In response to the generally non-normal distribu-
tion of our RT data (see Table 2, Figs. 2 and 3), SPSS
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Table 2
Normality of distribution (Shapiro Wilkes test)
OLD aMCI™
statistic df Sig. statistic df Sig
Age 0.939 39 0.036 0.941 48 0.017
Education 0.953 39 0.104 0.911 48 0.002
NART 0.924 39 0.012 0.764 48 0.000
MMSE 0.950 39 0.085 0.932 48 0.008
Search: target alone 0911 39 0.005 0.944 48 0.022
Search: target & distracters 0.949 39 0.077 0911 48 0.001
Trails A 0.973 39 0.459 0.942 48 0.019
Trails B 0.833 39 0.000 0.822 48 0.000
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Fig. 2. BOX plot of Trails A and B performance based on individ-
ual response speed (seconds).

non-parametric statistical analysis was employed in
line with common practice.

Trails A & B response time analysis

For Trails A, analysis revealed no significant dif-
ference in group-mean response time (in seconds)
between cognitively healthy aging and aMCI™
[Z=-1.4, p=0.16]. Note, however, that whereas
Trails A performance was normally distributed for
the cognitively healthy older adult group, this was
not the case for the aMCIT group. Note also that
multiple correlational analysis (with Bonferroni cor-
rection) failed to reveal any correlation of response
time with age, education, NART score, or MMSE
score in either group [all p-values >0.05].

For Trails B, mean response time was significantly
slower in aMCIT compared to cognitively healthy

Fig. 3. Box plot for target alone (RT1) and target plus distracters
search (RT8) performance based on individual reaction time (RT)
(ms).

aging [Z=-1.96, p=0.05; effect size (r) =0.21].
For both groups, performance of Trails B was not
normally distributed and multiple correlational anal-
ysis (with Bonferroni correction) failed to reveal any
correlation of response time with age, education,
NART score, or MMSE score in the older adult group
[all p-values >0.05] and education, NART score,
or MMSE score in the aMCI™ group [p-values
>0.05], although performance of Trails B in the
aMCI" group was significantly correlated with age
[r=0.522, p<0.001 which survives Bonferroni cor-
rection; p =0.004].

Visual search target alone and target plus
distracter reaction time analysis

Mean RT in response to the target alone Visual
Search task was significantly slower for the aMCI*
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Mean response times (s) for the TMT (Trails A and B) and the mean RTs (ms) for the target alone and the target plus distracter visual search
tasks, together with the corresponding standard deviation (SD) and standard error of the mean (SEM)

Trails A Mean Trails B Mean Search Target alone Search Target & distracters
response time (s) response time (s) Mean RT (ms) Mean RT (ms)
Healthy older 359 78.7 744.2 1730.6
adult controls
SD 104 34.7 172.9 402.9
SEM 1.7 5.6 27.7 64.5
aMCI+ 40.6 98.2 861.1 2230.4
SD 13.8 51.6 209.2 709.9
SEM 2.0 7.5 30.2 102.5
compared to the cognitively healthy older adult group DISCUSSION

[Z=-2.8, p=0.006; effect size (r) =0.3]. For both
groups RT was not normally distributed and was not
significantly correlated with age, education, NART
or MMSE scores [all p-values >0.05].

In response to the target plus distracters Visual
Search task, mean RT was significantly slower for
the aMCI* compared to the cognitively healthy older
adult group [Z=-3.5, p<0.001; effect size=0.38].
Although performance of this task was normally dis-
tributed for the cognitively healthy older adult group
this was not the case for the aMCI* group. RT was not
significantly correlated with age, education, NART or
MMSE scores [all p-values >0.05] in either group.

Gender

Males and females in the cognitively healthy older
adult group did not differ significantly in mean
response time for Trails A [Z=-0.745, p=0.45] or
B [Z=-1.32, p=0.186], or in RT for the target alone
[Z=-0.056, p=0.96] or target plus distracters Visual
Search tasks [Z=-0.787, p=0.43].

In the aMCI™ group, there was no gender dif-
ference in target plus distracters Visual Search
task [Z=-1.041, p=0.298], Trails A [Z=-0.433,
p=0.665] or B [Z=-0.928, p=0.353] performance.
In response to the target alone Visual Search task,
however, males were significantly faster than females
[Z=-2.073, p=0.038, effect size r=0.3]. It is pos-
sible that this gender difference may be related to
the greater educational level of males than females
in this group [Z=-3.061, p=0.002, effect size (r)
=(0.44], further analysis revealed, however, that RT
was not correlated with educational level [p>0.05].
Note that in both groups there was no significant dif-
ference between males and females with respect to
mean age, NART score, or MMSE score and no dif-
ference in educational level within the cognitively
healthy older adult group [all p-values >0.05].

The TMT is sometimes used clinically to assess
the speed of information processing in dementia,
MCI, and related disorders, by measuring the time
taken to complete the task of consecutively join-
ing a series of numbers and or letters on a sheet of
paper. However, in research terms, speed of informa-
tion processing is generally described with respect
to reaction time, i.e., the time elapsed between the
relatively rapid presentation of a stimulus and the
behavioral response, measured over a number of
trials at relatively short intervals. Arguably, the pro-
cessing involved in processing and responding to
such rapid and repeated stimuli is different from
that involved in performing the TMT, and we sug-
gest that measuring RT may indeed be more akin
to, ecologically valid or relevant with respect to
the investigation of the integrity of information
processing speed related to every day tasks which typ-
ically require rapid processing, decision making, and
response.

However, although RT tests may, in theory, repre-
sent a clinically valid replacement of the TMT, we
have not been able to identify any evidence investi-
gating both measures in clinical populations. Here,
therefore, we examined the performance of the TMT
(both A and B versions) and two versions of a com-
puter based multi-trial visual search-based RT task (a
target alone and a target plus distracters condition) in
the same groups of cognitively healthy older adults
and patients with aMCI™, in an attempt to determine
whether the visual search based RT tests can at least
match the ability of the TMT to differentiate aMCI™
from cognitively healthy aging at group level. Sec-
ondly, as aMCI™ is a clinically heterogeneous group
typically containing a proportion of individuals for
whom aMCI™ represents the early stages of adement-
ing process, a proportion for whom it remains of
unknown etiology and others for whom it is a tempo-
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rary condition, we examined the ability of each test to
provide intra-group variation in performance. As both
disproportionately slower task-completion time and
RT are related to the presence of dementia, one would
expect to see some performance variability within the
aMCI™ but not the cognitively healthy control group
in both tests.

Trails A and B performance

Trails A performance failed to significantly dif-
ferentiate aMCI™ from cognitively healthy aging at
group level. Arguably this result is indicative of a
lack of sensitivity of the Trails A test to the pres-
ence of MCI. Indeed the box plot (Fig. 2) reveals
just how similar the results are for the patient and
control groups. Furthermore, response time was nor-
mally distributed for the cognitively healthy older
adult but not for the aMCI™ group (see Table 2).
Given the etiological heterogeneity of aMCI™, in that
at least a proportion of such individuals would be
expected to be in the prodromal stages of demen-
tia with an generally acknowledged accompanying
slowing of response time, the relative lack of individ-
ual variability in response time within this group is
surprising.

In contrast, Trails B performance significantly dif-
ferentiated aMCI™ from cognitively healthy aging.
As shownin Fig. 2, response time is clearly slowed for
the aMCI™ compared to the control group and there
are a number of individuals within the aMCI™ group
whose performance is represented by clear outliers.
This potentially represents the within-group hetero-
geneity one might expect from such an etiologically
varied group. However, Trails B also reveals hetero-
geneity of performance within the cognitively healthy
older adult group; indeed response time is not nor-
mally distributed in either group (see Table 2), with
both characterized by some disproportionately slower
reaction times and therefore some degree of perfor-
mance overlap.

Visual search reaction time performance

The RT in response to the simple target alone visual
search test was significantly slower in aMCI* com-
pared to cognitively healthy aging. However, as is
clear from Fig. 3, RT was abnormally distributed for
both groups, with a number of disproportionately
slower responses, i.e., outliers characterizing both
groups and thus indicative of some degree of overlap
between cognitively healthy aging and aMCI™. Nev-

ertheless, the effect size of the significant difference
in performance between the two groups was greater
than that for the Trails B test (effect size ‘¥’ =0.21
and 0.3), respectively.

For the target plus distracter visual search task,
mean RT was significantly slower in aMCI™ com-
pared to cognitively healthy aging. The effect size of
this outcome (»=0.38) was greater than that exhib-
ited for the target alone search (r=0.3) and the Trails
B (r=0.21) tasks, indicating that the target plus dis-
tracter visual search task is the one most sensitive
to aMCI*. Furthermore, whereas the distribution of
RT performance was normal within the cognitively
healthy older adult group for the target plus dis-
tracter visual search task this was not the case for
the aMCI™ group, revealing instead a number of
considerably slower responses, i.e., outliers (see the
Box plot in Figs. 2 and 3, and Table 2). There is, of
course, once again some degree of overlap between
performance in the control and the patient group and
therefore not everyone with aMCI™ reveals slower
mean RT compared to cognitively healthy aging.
It appears rather that the aMCI™ group contains a
greater proportion of individuals with disproportion-
ately slower, responses. However, unlike Trails A,
Trails B, and the simple target alone visual search
RT task, the target plus distracter visual search RT
task promotes outliers, i.e., disproportionately slowed
responses only within the aMCI™ group. It may
be the case that this RT task does not produce as
many ‘false positives’ i.e., disproportionately poor
performance within the control group, as does the
target alone search RT task and the Trails B test.
Note also that three individuals in the aMCI™ group
are outliers in both the Trails B and the target plus
distracter visual search RT test. This may indicate
that for some people with aMCI™, both aspects of
information processing speed are abnormal whereas
for others only specific aspects of such processing
are affected. If this is the case, changes over time
in the profile of performance of an individual may
be more useful than just testing one function. As
suggested by Johnstone et al. [50], profile analysis
is likely to assist in making differential diagnoses
between cognitive disorders, and it may be the case
that the identification of distinct deficit profiles of
processing speed integrity and changes over time can
better identify individuals’ cognitive strengths and
weaknesses.

Although such disproportionate slowing within the
aMCI™ group may be related to an increased risk of
developing dementia (e.g., Phillips et al. [8]; Kochan
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et al. [10]), or represent a decline to dementia if
such tests are administered to an individual over
time, lack of follow up of all the participants in this
study precludes us from making such an analysis.
Such heterogeneity within the aMCI™ may, how-
ever, explain, at least in part, some of the disparity
in RT outcome between previous studies, as slow-
ing may be related to specific etiologies of aMCI™,
only some of which have a neurodegenerative basis.
Importantly, however, that a proportion of individu-
als with aMCI™ have very slow RTs, much beyond
those associated with cognitively healthy aging, indi-
cates that for some individuals processing related to
continuous changes in the environment and situa-
tions in everyday life that require serial, rapid, and
repeated detection, processing, and response can be
significantly impaired. These effects are of potential
importance irrespective of whether an individual with
aMCI™ has the early stages of dementia or not.

Gender, age, education, 1Q (NART), and MMSE

A gender-related difference in performance was
evident only within the aMCI™ group. RT was
significantly faster for males than females for the tar-
get alone visual search group. Although there was a
significantly greater educational level for males than
females in this group, which may have potentially
contributed to this result, there was no significant
correlation between educational level in either males
or females and RT and it remains to be seen why
a gender-related effect should be evident in the tar-
get alone visual search task RT only. Nevertheless
this pattern of results indicates that within the same
research groups, processing speed outcome and its
relation to gender may be influenced by the test used,
although one does have to consider that it may be a
spurious effect.

In previous studies, TMT outcome has reportedly
varied considerably with respect to whether or not
performance is correlated with age and education
(e.g., [41, 57]). In the present study we found that for
the cognitively healthy older adult group, although
initial analysis suggested some degree of correlation
between Trails A performance speed and age, this
did not survive Bonferroni correction for multiple
correlational analysis; and performance was not sig-
nificantly correlated with age per se for the aMCI™
group. It appears that over the relatively narrow range
of ages within our data set this was a weak effect
and one that only appears to occur in cognitively
healthy aging. It may be the case that such a rela-

tionship occurs only when a wider range of ages is
included. In contrast, although performance of Trails
B was not significantly correlated with age in the
control group, it was significantly correlated with
age (surviving Bonferroni correction) in the aMCI™
group: a finding which if further research finds to
be robust, may have implications for the interpre-
tation of results over this age range. The finding
that age is not similarly correlated with performance
in both cognitively healthy aging and aMCI™ also
breaks an assumption necessary for covariate analy-
sis (if parametric analysis of RT data is attempted;
another reason why we used non-parametric test-
ing for our results). In contrast to Trails A and
B, RT of both versions of the visual search task
was not significantly correlated with age for either
the cognitively healthy older adult or the aMCI™
groups.

Performance of Trails A, B, and both versions of
the visual search RT task was not significantly corre-
lated with educational level for either the cognitively
healthy older adult or the aMCI* groups (although
there was some evidence of a correlation for Trails A
performance and education for the aMCI™ group it
did not survive Bonferroni correction). Although the
aMCI™ group had a significantly lower IQ (NART
score), explained by the lower score for females com-
pared to males in this group, performance of none of
the four tasks was significantly correlated with 1Q.
Performance of TMT and both visual search tasks
was not significantly correlated with MMSE (note
however that for the aMCI™ group, Trails B was sig-
nificantly correlated with MMSE score but again this
did not survive Bonferroni correction).

There is therefore some room for debate about
whether some relatively small effects of age and edu-
cation and MMSE occur in relation to TMT and
whether they differ with respect to group. However,
such effects may be contingent upon the ranges of
these factors within the groups (e.g., in wider or dif-
ferent ranges than those used in the present study)
and dependent upon the numbers tested over each
age range (i.e., related to the determination of nor-
mative data in which smaller numbers tend be tested
for each age range and research studies in which a
narrower range of measures are usually employed).

What is clear from the present study, however,
is the lack of relationship between age, education,
MMSE, IQ, and visual search based RT performance.
This may indicate that such tests are less susceptible
to, i.e., relatively independent of, the influence of age,
education, and 1Q upon performance [57, 82].
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Potential study limitations

Unfortunately we were unable to follow up both
groups in order to determine clinical outcome thus
precluding analysis of whether those individuals with
outlying response times and RTs in the aMCI™ group
were most likely to develop dementia. Furthermore,
interpretation of the results and thus their potential
for impact is limited by the fact that we did not test
performance repeatedly and over various time peri-
ods. Ideally we would have combined our behavioral
tasks with an imaging study in order to determine
the relationship between our RT and response speed
results and structural and functional integrity both
at group and individual level. We would have also
explored the impact of methodological manipulations
of RT tests such as time pressure, processing load,
and various types of distraction in order to explore
deficits in a wider range of information processing
operations.

Furthermore, we only measured response speed
and RT in aMCI; it would have been useful to deter-
mine the sensitivity of such tests to aMCI and to
subjective cognitive decline, conditions that may rep-
resent lower stages on a continuum between health
and dementia. Repeating this study with a larger
sample size and wider range of demographic factors
would allow further investigation in to the potential
relationship between processing speed and RT and
factors such as age, IQ, educational level, and level
of cognitive impairment. Further research would also
investigate a wider range of processing speed and RT
tests typically used in research and clinically and in
relation to factors such as practice effects.

Nevertheless, the very fact that the search tests
seem more sensitive to aMCI* than the Trails B tests
and the fact that the search tests appear less affected
by demographic factors than the TMT indicates that
such tests have a place in clinical assessment.

Conclusions

These results indicate that as well as potential slow-
ing in performance of the operations involved in the
TMT used in clinical assessment, individuals with
aMCI™ may also experience a substantial slowing
of the rapid RT responses necessary for the safe,
appropriate, and efficient environmental interaction
required in real life; the importance of which is great
irrespective of etiology. The results also suggest that
RT tests typically used in research may be superior
to the TMT in their ability to significantly differenti-

ate between cognitively healthy aging and aMCI™
at group level and in revealing a heterogeneity of
performance one would expect from an etiologically
heterogeneous disorder such as aMCI*. These find-
ings, together with evidence from previous studies
regarding the relationship between RT and neurolog-
ical status, indicates that RT tests should at least be
included in the diagnosis and follow-up of cognitive
impairment.
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Abstract. This study examines the relationships between two measures of information processing speed associated with
executive function (Trail Making Test and a computer-based visual search test), the perceived difficulty of the tasks, and
perceived memory function (measured by the Memory Functioning Questionnaire) in older adults (aged 50+ y) with normal
general health, cognition (Montreal Cognitive Assessment score of 26+), and mood. The participants were recruited from
the community rather than through clinical services, and none had ever sought or received help from a health professional
for a memory complaint or mental health problem. For both the trail making and the visual search tests, mean information
processing speed was not correlated significantly with perceived memory function. Some individuals did, however, reveal
substantially slower information processing speeds (outliers) that may have clinical significance and indicate those who may
benefit most from further assessment and follow up. For the trail making, but not the visual search task, higher levels of
subjective memory dysfunction were associated with a greater perception of task difficulty. The relationship between actual
information processing speed and perceived task difficulty also varied with respect to the task used. These findings highlight
the importance of taking into account the type of task and metacognition factors when examining the integrity of information
processing speed in older adults, particularly as this measure is now specifically cited as a key cognitive subdomain within
the diagnostic framework for neurocognitive disorders.

Keywords: Aging, information processing speed, metacognition, reaction time, subjective cognitive impairment

INTRODUCTION

Although debate continues with respect to the the-
oretical and applied relationship between slowing and
cognition, information processing speed is a measure
commonly used in research as a behavioral indica-
tor, or proxy, of the integrity of cognitive function.
The relationship is underpinned by a substantial body
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of evidence linking behaviorally measured change in
information processing speed to brain structure (e.g.,
to deterioration in white and grey matter) and func-
tion in aging, mild cognitive impairment (MCI), and
dementia [1-14]. The potential relevance of infor-
mation processing speed in research and clinical
practice is highlighted by evidence indicating that it
can predict ability to perform aspects of daily activity
and quality of life [15-20], and it is now specifi-
cally cited as a key cognitive subdomain within the
diagnostic framework for neurocognitive disorders in
DSM-5 [21].
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Concerns about self-perceived cognitive decline,
especially of memory, commonly occur in older
adults [22], and it is increasingly apparent that both
MCI and dementia can be characterized by an earlier
stage, variously termed subjective cognitive impair-
ment (SCI) or decline (SCD), without any objective
evidence of deficit from neuropsychological assess-
ment [22-26]. However, subjective cognitive com-
plaints do not always represent a prodromal stage of
dementia, with some causes (e.g., anxiety, depres-
sion, and sleep disorder) potentially responsive to
intervention [22, 27, 28]. Irrespective of causality,
concerns about memory function can impact neg-
atively upon everyday life and mental health, with
worry about developing dementia and withdrawal
from positive health and social behavior [20, 29].

SCI is characterized by objectively defined nor-
mal neuropsychological test performance. It is of
course possible that objective change is absent in
functions such as memory because the tests used
are insensitive or do not measure the specific aspect
of memory that an individual perceives as having
changed. Detrimental change in brain functions other
than memory may occur in what we term SCI, but
this may be difficult for the general public to describe
and, if not tested, may manifest only as vague percep-
tions of change. Indeed, emerging evidence indicates
that fundamental brain operations may be disrupted
in individuals with SCI [30]. Therefore, it is pos-
sible that a reduction in integrity of fundamental
brain processes may impair memory function to a
level that may be perceived by the individual, but
not evident from current neuropsychological testing
protocols.

Despite evidence of inter-relationships between
information processing speed, cognition, white and
grey matter integrity and behavior, in aging, MCI
and dementia [23, 30, 31], there is a lack of research
into information processing speed in relation to
SCI, and this is particularly so in those individuals
who experience subjective changes in memory func-
tion in the absence of formal clinical investigation.
It is possible that a slowing of information pro-
cessing speed in individuals experiencing subjective
changes in memory might be indicative of struc-
tural change (in white matter for example) to which
routine neuropsychological tests are not sensitive,
but which affects general brain function, cognition,
and the perception of functional integrity. Preserva-
tion of information processing speed in individuals
reporting impaired memory may indicate structural
normality.

In this study, therefore, we examine perceived
memory function in relation to information process-
ing speed in community-living older adults who have
not approached health care services with concerns
about their memory or cognitive function [23,27] and
with normal levels of general cognitive function and
no significant anxiety or depression. In addition, as
metacognition can be a factor in the self-perception
of the integrity of memory and cognition [31], we
also ask whether there is any relationship between
reported memory performance and the perception of
task difficulty (i.e., is high level of perceived mem-
ory dysfunction associated with greater perception
of task difficulty?) and whether perceived task diffi-
culty is related to actual (objectively measured) speed
of information processing.

There is evidence (e.g., [S]) to suggest that the
speed of information processing, and thus study out-
come, can differ significantly with respect to the
test used, because of the different brain networks
and processes recruited by specific task demands.
We therefore report studies using two different mea-
sures, the pen-and-paper-based trail making test
(TMT) and a computer-administered visual search
task.

The TMT is commonly used in clinical settings
and in aging, MCI, and dementia research to examine
information processing speed and executive function
[32]. Trails A is a one-trial task typically described
as probing functions such as speed of processing
in relation to attention, visual scanning and search,
number recognition, numeric sequencing and motor
speed; giving a baseline measure of perceptual pro-
cessing and motor speed. Trails B is again a one-trial
task typically described as probing the efficiency
of set-shifting, mental flexibility, executive function,
divided attention, attention switching and shifting,
visual search set shifting, simultaneous maintenance
of two sequences, working memory and cognitive
flexibility; and, thus, is arguably a measure of infor-
mation processing speed in relation to multiple high
level, non-specific functions. The computer-based
visual search task requires rapid serial information
processing and response over numerous trials, with
measurement of the time taken to respond to an iso-
lated target (whether an arrow is pointing right or
left) and the time taken to respond to the same tar-
get when it is surrounded by similar but irrelevant
distracters. This allows us to determine information
processing speed per se, but also to measure the
effect of irrelevant but distracting stimuli upon such
processing.
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Mean demographic scores and Trails A and Trails B information processing speeds for older adults. Standard deviation in parenthesis. Note
that range refers to observed range within the data

Age Education MFQ-total Trails A Perceived Trails B Perceived
(y) (y) score (s) difficulty scale (s) difficulty scale
for Trails A for Trails B
Older adults 65 (5.5) 16 (4.8) 295 (49.1) 29.05 (9.3) 2(1.2) 43.43 (9.4) 3(1.6)
(n=281) Range 50-79 Range 1-6 Range 1-6

Information processing speed for both Trails A and Trails B is represented by the box plot in Fig. 1. Note the presence of outliers in the

performance of this task.

STUDY 1. TRAIL MAKING TEST:
METHODS

This study was approved by the ethics committee
of Swansea University, Department of Psychology.
All participants gave written informed consent to
participate.

Farticipants

Community-dwelling older adults (n=100) were
recruited through adverts placed in local newspapers
and social clubs throughout the Swansea area and by
word of mouth. Exclusion criteria included poor self-
reported general health, any past history of significant
medical, neurological, or mental health problems,
evidence of physical slowing (e.g., related to Parkin-
son’s disease or arthritis), or previous visit to a health
care professional with memory complaints, anxiety,
or depression. From those recruited, 19 individuals
were excluded. Of these, 8 had Montreal Cognitive
Assessment (MoCA) scores of 24 or 25, 3 had MoCA
scores below this; 8 had current or past history of
significant medical problems, anxiety, or depression.
Of those included in the study (n! =81; age 50+vy;
31 male, 50 female), all had normal or corrected-
to-normal vision and hearing. Although medication
could not be controlled, none of the participants
reported receiving medication likely to affect infor-
mation processing speed or cognitive function. All
had normal overall cognition (score of 26 or above)
using the MoCA [33] and no significant anxiety or
depression, as determined by the Generalized Anx-
iety Disorder 7-item (GAD-7) score less than 5
[34, 35] and the Patient Health Questionnaire (PHQ-
9) score less than 4 [36], respectively. Participants’
age, sex, and years of full time education were
recorded. A trained researcher administered the tests.

'Note that participant estimate number was based on a two-
tailed analysis with an effect size 0.4, an alpha of 0.05, and a
power of 0.8: giving an estimate of 46 individuals.

Testing took place within the Psychology Department
at the University of Swansea.

Subjective memory assessment

Subjective memory function was measured using
the Memory Functioning Questionnaire (MFQ) [37].
This 64-item questionnaire assesses the perception of
everyday memory functioning with seven sections on
general rating of memory, retrospective functioning
(compares current memory with past ability), fre-
quency of forgetting, frequency of forgetting while
reading, remembering past events, seriousness of for-
getting (how memory impairment impacts daily life),
and mnemonics usage. Each item is scored on a 1 to
7 Likert scale (1 =severe memory problems; 7=no
problems). Scores range between 64 and 448 with
high scores reflecting less severe memory complaints.

Table 1 shows the demographics and TMT data.

Trail Making Test

Practice trails were provided for both Trails
A and B. For Trails A, the participants were instructed
to draw one continuous line joining a series of circled
numbers in ascending order on a sheet of paper as
fast but as accurately as possible. For Trails B, the
participants were instructed to draw one continuous
line joining a series of circled numbers and letters
alternately in ascending and alphabetical order on
a sheet of paper as fast but as accurately as they
could. Test outcome was the time taken in seconds
to complete the test (with the time required to rectify
any error forming part of the information processing
speed score). No performance feedback was pro-
vided. Immediately after completing each of trails A
and B, participants were asked to rate, using a scale
of 1 to 7, how easy or difficult they found each test
to complete, with 1 very easy to complete and 7 very
difficult. Study debrief was performed at the end of
the experimental session.
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Mean baseline demographics, information processing speed and errors. Standard deviation in parenthesis. Note that range refers to observed
range within the data

Age Education MFQ Total Information Mean group errors Perceived
) (y) score processing speed performance
Likert scale
Target Target plus Target Target plus
alone distracters alone distracters
Older adults 66 15(3.7) 290 (46.5) 743.02(164.91) 1685.55(314.23) 0.37 0.33 3(1.4)
(n=54) Range 55-79 Range 1-6
(5.2)

Information processing speed for both the Target alone and Target plus distracter conditions is represented by the box plot in Fig. 3. Note

the presence of outliers in the performance of this task.

RESULTS

TMT: Information processing speed and
subjective memory function

Spearman’s correlational analysis showed no asso-
ciation between MFQ total score and information
processing speed for either Trails A or B (all p val-
ues >0.05). Of the seven subscales of the MFQ, none
showed an association with either Trails A or Trails B
(all p values>0.05) except for a significant negative
correlation of Trails A with the Mnemonics subscale
(r=-0.295, p=0.007, which survives Bonferroni cor-
rection, p=0.042).

TMT: Information processing speed and
perceived task difficulty

The mean (sd) perceived task difficulty score was
2 (1.2) with a range from 1 to 6 for Trails A and
3 (1.6) with a range of 1 to 6 for Trails B. This
was not significantly correlated with performance on
Trails A (p>0.05) but was significantly positively
correlated with performance on Trails B (r=0.293,
p=0.008), with slower actual information processing
speed associated with a greater perceived task diffi-
culty. Post hoc tests revealed that these results did not
vary with respect to educational level or whether the
participant was male or female.

Subjective memory function and perceived task

difficulty

MFQ total score was significantly negatively cor-
related with perceived task difficulty for Trails
A (r=-0.275, p=0.013) and Trails B (r=-0.334,
p=0.002), with higher levels of subjective memory
complaint related to greater perception of task diffi-
culty. Post hoc tests revealed that these results did not
vary with respect to educational level or whether the
participant was male or female.

STUDY 2: VISUAL SEARCH TASK:
METHODS

Farticipants

In the second study, another (separate) group of
older adults (n=62) were recruited. The protocol
(i.e., inclusion and exclusion factors) was exactly the
same as in study 1, as was the recruitment procedure.
From those recruited, 6 individuals were excluded
due to MOCA scores of 25 or less, with 2 further
individuals excluded as a result of current poor med-
ical health. Demographic details for the participants
(n”> =54; age 50+y; 24 male, 30 female) of this sec-
ond study are shown in Table 2. All participants
completed all 64 items on the MFQ.

Visual Search Task: Experimental task and
procedure

For the computer-based visual search task, the time
taken to respond to a target (target discrimination)
when it appeared in isolation upon the screen and
the time taken to respond to the same target when
it was surrounded by similar but irrelevant and dis-
tracting stimuli were determined. This paradigm was
presented on a Dell Precision PC running on Win-
dows XP X86 CPU, viewed at a distance of 57 cm.
All trials included a black target that was either a
left- or right-pointing arrow, the task being to indi-
cate whether the arrow was pointing to the right or
left. The distracting stimuli consisted of seven black
arrows that pointed up or down. A clock-face config-
uration (see Fig. 2) was used to position the target,
both when it appeared alone and when surrounded
by 7 distracters, in a counterbalanced arrangement

Note that participant estimate number was based on a two-
tailed analysis with an effect size 0.4, an alpha of 0.05, and a
power of 0.8: giving an estimate of 46 individuals.
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in order to eliminate any differences in processing
between right and left and upper and lower visual
fields. A total of 64 trials were presented; the target
appearing 8 times at each of the possible ‘clock-face’
locations. For half of the trials distracters were pre-
sented at the other locations and for the other half no
distracters were presented. For each trial the central
fixation cross appeared on screen for 1000 ms prior
to the appearance of the target (with or without dis-
tracters) and remained on screen for the duration of
the trial. The stimuli remained on screen until the
participant responded, after which the fixation point
re-appeared. The participants were instructed to fix-
ate on the center cross at the beginning of each trial
and to respond as quickly but as accurately as possi-
ble to whether the target was pointing to the right or
left by pressing one of two computer keyboard keys.
After instruction, all participants were asked to reiter-
ate the instructions to ensure understanding and then
performed a practice block of no more than 10 trials.
The ability of the participants to fixate on the cross at
the beginning of each trial continued to be checked
throughout the procedure by researcher observation.
No performance feedback was provided.

Group mean errors were calculated. Responses
were eliminated if they were incorrect or obviously
due to a disturbance/lapse of concentration or below
150 ms (faster than ‘natural’ reaction time therefore
representing the pre-empting of the stimulus). No
participants failed to respond to a trial. For each
participant, the median time (information processing
speed) taken to respond for the target alone and the
target plus distracter trials was determined and group
mean data produced (see Table 2).

Perception of task difficulty

Immediately after completing the test participants
were asked to rate, using a Likert scale of 1 to 7, how
easy or difficult they found each test to complete, with
1 very easy to complete and 7 very difficult. Study
debrief was performed at the end of the experimental
session.

RESULTS

Visual search: information processing speed
and subjective memory function

MFQ total score and subscales scores were not
significantly correlated with information processing
speed for either the target alone or the target plus dis-
tracters conditions (p values > 0.05). Overall errors on

the visual search tasks were very small (mean group
errors 0.37 for target alone and 0.33 for target plus
distracters) and the number of errors was not signifi-
cantly correlated with MFQ scores (p values > 0.05).
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Fig. 1. Box plot of mean information processing speed (s) for
Trails A and B performance in older adults.
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Fig. 3. Box plot of mean information processing speed (ms) for
target alone and target plus distracters trials.
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Visual search: information processing speed
and perceived task difficulty

The mean (sd) perceived task difficulty score for
the visual search task was 3 (1.4) with a range from 1
to 6. This was significantly negatively correlated with
the target alone condition (r=-0.294, p =0.031), with
slower actual information processing speed associ-
ated with less perceived task difficulty, but not for
the target plus distracters conditions (p >0.05). The
number of errors was not significantly correlated with
perceived task difficulty (p values > 0.05).

Subjective memory function and perceived task
difficulty

MFQ total score was not significantly correlated
with perceived task difficulty for either the target
alone or the target plus distracters condition (p val-
ues >0.05). Post hoc tests revealed that all the above
results did not vary with respect to whether the
participant was male or female.

Educational level and information processing
speed

Further post hoc analysis revealed that although
educational level was not significantly related to
subjective memory performance it was significantly
positively correlated with perceived test difficulty
(r=0.440, p=0.01) and it was significantly nega-
tively correlated with information processing speed
for target plus distracter (r =—0.398, p = 0.003) condi-
tion, but not for the target alone condition (p > 0.05),
i.e., a higher level of education is related to faster
information processing speed when distractors are
present.

DISCUSSION

The aim of these studies was to determine if a
significant relationship exists between information
processing speed, subjective memory function, and
perceived task performance difficulty in older adults.
In a difference of approach from some previous
studies, we looked at people recruited from the com-
munity rather than from clinical settings, with normal
general cognition and without significant depression
or anxiety.

Information processing speed and subjective
memory

Greater levels of overall subjective memory com-
plaint (MFQ total score) were not significantly
associated with slower information processing speed
as measured by the TMT or Visual Search Task.
For Trails A there was a significant negative corre-
lation between information processing speed and the
mnemonics subset of the MFQ and although this sur-
vived Bonferroni correction, the significance level of
this effect was low (p =0.042). For Trails B and both
conditions of the visual search test, information pro-
cessing speed was not significantly correlated with
any of the MFQ subsets.

Given the close relationship between information
processing speed and white and grey matter struc-
ture [6-12], the general absence of an association
with perceived memory dysfunction in otherwise
cognitively healthy, euthymic older adults suggests
perceived memory dysfunction is less likely to be
related to structural abnormality or possible neurode-
generative change. Similarly, given the association
between Alzheimer’s disease, vascular dementia and
MCI and slowed information processing speed the
lack of a relationship between perceived memory
function and information processing speed may be
indicative of a non-neurodegenerative basis for per-
ceived impairment in individuals with ‘normal’ levels
of general cognition (e.g., MoCA score within the
normal range).

Note, however, that these ideas are speculative in
nature given the absence of neuroimaging, a full range
of objective and subjective measures of memory,
cognitive and information processing speed perfor-
mance, and longitudinal analysis examining the risk
of developing MCI and/or dementia. The possibility
that changes in brain structure and function and in
memory may occur in the absence of changes in
information processing speed must also be consid-
ered. Individuals also may perceive problems with
memory but still perform at normal information pro-
cessing speed as there may be, for some tasks, factors
which influence memory and perceived memory but
not information processing speed.

Nevertheless, if such findings were found to be
robust after further research and development, the
measurement of behavioral information processing
speed might be of use in helping to determine for
whom priority should be given with respect to fur-
ther investigation and follow up of subjective memory
complaints. For example, disproportionately slower
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responses (such as the outliers evident in our results,
see Figs. 1 and 3) may be representative of detrimen-
tal change in underlying structure and function and
thus a greater possibility of underlying neurodegen-
eration. Clinical follow-up and medical intervention
with these patients could be prioritized, whereas
others may benefit more from focus on psychologi-
cal support, adjusting expectations regarding normal
changes in cognitive performance, and providing
metacognitive strategies to reduce the required effort
for everyday tasks.

Perception of task difficulty and subjective
memory

Greater subjective memory complaint was associ-
ated with a perception of greater task difficulty for
both Trails A and Trails B of the TMT, especially
for the more difficult Trails B test, with higher levels
of subjective memory complaint related to greater
perceived task difficulty. With respect to the TMT
therefore, individuals who reported higher levels of
perceived memory dysfunction (total MFQ score) are
those who also reported the greater levels of task
difficulty, despite actual (objectively measured) infor-
mation processing speed not being associated with
perceived memory function. To speculate, the rela-
tionship between perceived memory and perceived
task difficulty in individuals with MOCA scores
within the normal range in the absence of objective
change in information processing speed suggests that
perceived memory dysfunction may be related more
to metacognitive factors than underlying structural
change.

In contrast, for the visual search task, greater sub-
jective memory complaint was not associated with a
perception of greater task difficulty for both the tar-
get alone and the target plus distracter conditions.
Individuals who reported higher levels of memory
dysfunction did not report greater levels of task
difficulty.

Such outcome variability indicates that the
metacognition relationship between perceived mem-
ory and difficulty of task may not be generalizable
to all tests, but mediated by factors such as diffi-
culty, resource requirements and brain functions and
areas recruited. However, different participants were
used in the two studies and so the outcome effects
may not be directly comparable. Nevertheless, our
results raise the possibility that examining patterns
of perceived memory function and the perception
of task difficulty may help to determine whether

perceived memory impairment (in the absence of
objective change in memory function) is related to
structural change or metacognition (which is more
likely to be responsive to intervention and treatment
than structural change), or indeed whether a much
more complex relationship exists between metacog-
nition, structural change and actual and perceived
functional integrity.

Information processing speed and perceived task
difficulty

For Trails A, perceived task difficulty was not
significantly correlated with objectively measured
information processing speed. In contrast, perceived
task difficulty was positively correlated with infor-
mation processing speed for Trails B, i.e., slower
information processing speed was associated with
greater perceived task difficulty. For the target plus
distracters condition of the visual search task, per-
ceived task difficulty was not significantly correlated
with objectively measured information processing
speed. For the target alone condition however, per-
ceived task difficulty was significantly negatively
correlated with information processing speed, i.e.,
slower information speed was associated with a lower
level of perceived task difficulty. This pattern of
results indicates that, irrespective of perceived mem-
ory function, the judgement of task difficulty is
related to the nature of the task and is not always
related to actual performance.

Educational level

For both Trails A and B, educational level was
not significantly associated with information process-
ing speed, subjective memory function or perceived
task difficulty. For the visual search task, educational
level was also not significantly related to subjective
memory performance but it was significantly posi-
tively correlated with perceived test difficulty, i.e., a
higher level of education was associated with higher
levels of perceived task difficulty. Furthermore, edu-
cational level was significantly negatively correlated
with information processing speed for the target plus
distracter condition, i.e., a higher level of education
was associated with faster information processing.
In contrast, educational level was not significantly
correlated with information processing speed for the
target alone condition. Although educational level
was not significantly related to perceived memory
function, this pattern of results indicates the potential
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influence of education upon perceived task perfor-
mance and actual task performance per se and a
failure to take such factors into account in research
may influence the interpretation of study outcome.

Study limitations

The participants in each study cohort were rela-
tively young (mean age 65 y). However, this is the
age group when subjective memory changes are typ-
ically reported and when pathological changes of
neurodegenerative disease start to become more com-
mon. Future work, including neuroimaging, needs
to explore the structural and functional relationships
between information processing speed, actual and
perceived memory function and metacognition fac-
tors in older age groups and in those seeking clinical
diagnosis and with respect to mood and personality.
Further research is also required to investigate why
some individuals do not approach health care ser-
vices about their perceived memory function. Some
individuals may be anxious about a formal diagno-
sis, fearful that they may be developing dementia and
unaware of other possible reversible causes of impair-
ment or potential interventions to improve quality of
life.

We tested participants on only one occasion and
could not take into account the possibility that per-
ceived memory may fluctuate, as it can be due to
temporary conditions such as fatigue, or everyday
stressful life events. Perceived memory was mea-
sured using only the MFQ. Related to this issue is the
fact that we were not able to determine the accuracy
of self-report on this measure. Furthermore, we did
not include a battery of tests objectively measuring
memory and cognition, while information process-
ing speed was measured by only two tests, both
of which had large executive function components.
Nor did we measure separate specific components
of behavioral information processing speed, such as
motor function. The relationship between actual and
perceived memory function, information processing
speed and indeed metacognitive processes such as
the perception of task difficulty, remains to be deter-
mined in relation to a variety of different tests, and
ones that recruit different brain structure and func-
tional domains and specific metacognitive factors.
Finally, although it may not be possible to control
medication, future studies should record and report
medication in order to facilitate a greater understand-
ing the generalizability of results to the population in
general.
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APPENDIX Q

Visual search parametric testing

Information processing speed: age and trial type

Analysis of variance (ANOVA) comparing reaction time between Trial Type (Target plus distractors
and Target alone conditions) and age (older and young adults) revealed a significant main effect of
Trial Type; reaction time was significantly slower in Target plus distractors condition compared to
Target alone condition [F(1,200) = 480.73, p<.001; np2 =.706] and a significant main effect of age;
older adults reaction time was significantly slower compared to young adults [F (1,200) = 165.14, p
<.001, np2 = .452]. There was a significant interaction of Trial Type and Age; reaction time in Target
plus distractors and Target alone conditions were significantly slower in older adults compared to
both trial types in young adults [F (1, 200) = 38.54, p < 0.001, npz =.162].

Correlations: comparing older RT with demographics

In older adults, there was a significant negative correlation between RT and education for both
Target plus distracters [r = -.398, p = .003 does survive bonferroni correction p = .012] and for
Target alone [r =-.316, p = .020 doesn’t survive bonferroni correction p=.08]. There was no
significant correlation between RT and MoCA, MFQ, depression or anxiety for both Target alone
and Target plus distracters conditions [all p values > .05].

Correlations: comparing young RT with demographics

In young adults Pearson’s correlation coefficient revealed a significant negative correlation between
RT and depression (PHQ-9) in Target plus distractors [r = -.342, p = .017 did not survive Bonferroni
correction] and in the Target alone condition [ =-.313, p = .03 did not survive Bonferroni
correction]. There was no significant correlation between RT and education, MOCA, or anxiety
(GAD-7) for both Target plus distractors [all p values >0.05] and Target alone [all p values >0.05]
conditions.

Intraindividual variability: age and trial type

ANOVA comparing RT variability (IIV) between trial type and age revealed a significant main
effect of trial type; the variability of RT was significantly greater for Target plus distractors
compared to Target alone [F (1, 200) = 507.31, p <.001, npz =.717] and a significant main effect of
age; the variability of RT was significantly greater in older adults compared to young adults [F (1,
200) = 73.0, p <.001, n,> = .267].
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There was a significant interaction of trial type and age; reaction time variability in Target plus
distractors and Target alone condition were significantly greater in older adults compared to both
trial types in young adults [F (1,200) =30.99, p <.001, np2= .134].

Correlations: comparing young IV with demographics

In young adults, RT variability (IIV) for Target plus distractors significantly negatively correlated
with anxiety level [r =-.329, p = .022] and depression level [r = -.393, p = .006] but in Target alone
trials, RT variability significantly negatively correlated with depression level only [r =-.30, p =
.038]. For both Target alone and target plus distracters conditions IIV was not significantly
correlated with MOCA or education [all p values >.05].

Correlations: Comparing older IIV with demographics

In older adults there was a significant negative correlation between RT variability and education for
Target plus distractors [r =-.339, p=.012] and for Target alone [r =-.411, p =.002]. RT variability
significantly positively correlated with anxiety for Target plus distractors [r =.297, p =.029] but not
for Target alone [p>0.05]. There was no significant correlation between RT variability and MoCA,
MEFQ or depression level for Target plus distractors [all p values >.05] or for target alone [all p
values >.05].

Information processing speed: age, trial and sex

ANOVA comparing reaction time (RT) between age (older and young adults), sex (male and female)
and trial type (Target plus distractors and Target alone) revealed a significant main effect of age; RT
was significantly slower in older adults compared to the younger adults [F (1,196) =171.17, p < .001,
np2 = .4606], a significant main effect of trial type; RT was significantly slower for the Target plus
distractors compared to Target alone [F (1, 196) = 462.14, p <.001, np” = .702] and a significant
main effect of sex; females performed significantly slower overall compared to males [F (1,196) =
4.05, p = .045, np” = .020]. There was a significant interaction between age and trial type [F (1,196)
=40.18, p <.001, np” = .170] but no significant interaction between age and sex [F (1,196) = 2.01, p
=.158, np” = .010] nor a significant interaction between sex and trial type [F (1,196) = 2.29, p =
132, np2 =.012] and no significant age, sex and trial type interaction [F (1,196) = .484, p = .487,
np’=.002].

Intraindividual variability: age, trial and sex

ANOVA comparing RT variability (IIV) between age (older and young adults), sex (male and
female) and trial type (Target plus distractors and Target alone) revealed a significant main effect of
age; RT variability was significantly greater in older adults compared to the younger adults [F
(1,196) =75.57, p < .001, np* = .278], a significant main effect of trial type; RT variability was
significantly greater for Target plus distractors compared to Target alone [F (1, 196) =484.78, p <
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.001, np* = .712] but no significant main effect of sex; RT variability was not significantly different
between males and females [F (1,196) = 3.24, p = .073, np” = .016].

There was a significant interaction between age and trial type [F (1,196) = 30.64, p <.001, np’ =
.135] but no significant interaction between age and sex [F (1,196) = 1.22, p =.270, np” = .006] nor a
significant interaction between sex and trial type [F (1,196) =1.77, p =.185, np2 =.009] and no
significant age, sex and trial type interaction [F (1,196) =.001, p = .977, np*= .00].

Distractor effect of RT between age and sex

ANOVA comparing the difference in RT between trial types [Target plus distractors RT - target
alone RT] between age (older and young adults) and sex (male and female) revealed a significant
main effect of age; the difference in RT between trial types was significantly greater for older adults
compared to young adults [F (1, 98) =99.28, p <.001, npz =.501] and a significant main effect of sex;
the difference in RT between trial types was significantly greater in females compared to males [F
(1, 98) =5.60, p=.020, np2 =.054]. There was no significant interaction between age and sex; the
difference in RT between trial types was not significantly different between males and females in
older adults compared to young adults [F (1, 98) =1.18, p=.279, np2 =.012].

Distractor effect of IIV between age and sex

ANOVA comparing the difference in RT variability [target + distractor IIV - target alone 11V]
between age and sex revealed a significant main effect of age; the difference in RT variability was
significantly greater for older adults compared to young adults [F (1, 98) =35.81, p<.001, np2 =.268]
but no significant main effect of sex; the difference in RT variability was not significantly different
between males and females [F (1, 98) =2.07, p=.153, an =.021]. There was no significant
interaction between age and sex [F (1, 98) =.001, p =.975, np2 =.00].

Young adult correlations: Distractor effect (RT), MOCA, anxiety and
depression

In young adults, Pearson’s correlation coefficient revealed no significant correlation between the
mean difference in RT and education, MOCA, anxiety or depression [all p values >0.05].

Older adult correlations: Distractor effect (RT), MOCA, MFQ, anxiety and
depression

In older adults the mean difference in RT significantly negatively correlated with education [r=-.334,
p=.014] but did not significantly correlate with MOCA, MFQ, anxiety or depression [all p values
>0.05].
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Difference in RT variability, MoCa, anxiety and depression in young adults

In young adults the mean difference in RT variability significantly negatively correlated with
depression level [p = - .313, p =.030] but did not significantly correlate with education, anxiety or
MOCA [all p values >0.05].

Difference in RT variability, MOCA, MFQ, anxiety and depression in older
adults

In older adults the mean difference in RT variability significantly positively correlated with anxiety
[r=-.293, p=.031] but did not significantly correlate with education, depression, MOCA score or
MEFQ score [all p values >0.05].

Correlations between factors in young adults

In young adults there was a significant positive correlation between depression and anxiety [r = .743,
p <.001]. There was no significant correlation between MOCA, education, depression or anxiety
respectively [all p values >0.05]. Spearman’s rho revealed no significant correlation between
perceived test difficulty and education, depression or anxiety [all p values >0.05].

Correlations between factors in older adults

In older adults there was a significant negative correlation between anxiety and depression [r = .483,
p<.001] and depression significantly positively correlated with education [r=.294, p=.031]. MOCA
score did not correlate with level of education, MFQ, anxiety or depression [all p values >0.05]. All
factors had no influence on objective cognitive performance. MFQ score did not correlate with level
of education, anxiety or depression [p > 0.05]. All factors had no influence on how older adults
perceived their memory. Spearman’s rho revealed perceived test difficulty significantly positively
correlated with education [r = .440, p =.001] and depression [r =.273, p =.046] and significantly
negatively correlated with MOCA score [r = -.279, p =.041] but did not significantly correlate with
anxiety, and MFQ score [all p values > 0.05].
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TRAILS PARAMETRIC TESTING

Age and Trial Comparison

Analysis of variance ANOVA comparing age (older and young adults) and tests (Trails A and Trails
B) revealed a significant main effect of test, with significantly slower overall RT for the Trails B
compared to Trails A [F (1,300) = 186.32, p < .001, partial eta squared= .383]: a significant main
effect of age; with significantly slower overall RT in the older compared to the younger adults [F
(1,300) =24.21, p<0.001, np2 = .075], but no significant age by test interaction, i.e., the difference in
RT between Trails A and Trails B was not significantly different in the older group compared to
young group [F (1,300) = 3.06, p =.081, np’=.010].

Reaction time, MOCA, education, anxiety & depression in young adults

In young adults Pearson’s correlation coefficient revealed no significant correlation between RT and
depression score (PHQ-9), anxiety score (GAD-7), MOCA score or education level or for both Trails
A [all p values >.05] and Trails B [all p values >.05]. Spearman’s rho (for Likert scale) revealed no
significant correlation between RT and perceived test difficulty for both Trails A [p >.05] and Trails
B [p >.05].

Reaction time, MOCA, education, anxiety & depression in older adults

In older adults there was no significant correlation between RT and education level, depression,
anxiety, MOCA score, MFQ score for both Trails A[all p values >.05] and Trails B [all p values
>.05]. Spearman’s rho revealed a significant positive correlation between RT in Trails B and
perceived difficulty of Trails B [r = .293, p = .008] but no significant correlation between RT in
Trails A and perceived test difficulty of Trails A [p > .05].

Sex

Analysis of variance ANOVA comparing age (older and young adults), sex (male and female) and
test (Trails A and Trails B) revealed a significant main effect of age; with significantly slower overall
RT in the older compared to the younger adults [F (1,296) =26.3, p<0.001, np”= .082] and of test,
with significantly slower overall RT for the Trails B compared to Trails A [F (1,296) =172.48, p <
.001, np2 = .368]:but no significant main effect of sex with no significant difference in RT between
males and females [F (1,296) =.004, p = .950, np” = .00]. There was no significant interaction of test
and age[F (1,296) =3.18, p=.076, np”>= .011], of test and gender [F (1,296) = .016, p = 898, np° =
.00] or of age and gender [F (1,296) =2.28, p=.132, np” = .008] nor between age, sex and test [F
(1,296) =.160, p = .689, np* = .001].
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Correlations between factors

In young adults, Pearson’s correlation coefficient revealed that MOCA score significantly positively
correlated with depression [r =.285, p = .025]. Depression levels significantly positively correlated
with anxiety levels [r =.794, p <.001]. Spearman’s rho revealed that MOCA score significantly
negatively correlated with the perceived test difficulty of Trails A [r = -.314, p = .013] but not with
the perceived test difficulty of Trails B [p > .05]. Perceived test difficulty of Trails A significantly
positively correlated with the perceived test difficulty of Trails B [r = .432, p <.001] but the
perceived difficulty of both Trails A and Trails B did not significantly correlate with education, ,
anxiety or depression [all p values > .05].

In older adults, MFQ score significantly negatively correlated with education [r = -.242, p = .030]
and depression [r = -.229, p = .040]. Depression levels significantly positively correlated with
anxiety levels [r = .537, p <.001]. Spearman’s rho revealed a significant negative correlation
between MFQ score and perceived test difficulty of Trails A [r =-.275, p=.013] and Trails B [r = -
334, p =.002]. MOCA score significantly negatively correlated with perceived test difficulty of
Trails A [r =-.245, p =.027] but not Trails B [p > .05]. Education significantly positively correlated
with perceived test difficulty of Trails A [r =.238, p =.033] but not Trails B [p > .05].

SIMPLE RT PARAMETRIC TESTING

Demographics

An independent samples t test revealed no significant difference in mean education or MOCA score
between young and old adult groups [p > .05]. PHQ score was significantly greater for the young
group compared to the older group [t(df163)=-5.26, p< .001, 95% confidence interval [CI] lower = -
4.24; Upper = -1.94; effect size (Cohen’s d)=-0.83] and GAD score was significantly greater for the
young group compared to the older group [t (df163)=-4.34, p< .001, 95% confidence interval [CI]
lower = -3.54; Upper = -1.35; effect size (Cohen’s d)=-0.68].

Information processing speed: age comparison
A one-way ANOVA comparing mean reaction time (RT) for age group (older adults and young

adults) revealed a significant main effect of age; older adults produced slower reaction time
compared to young adults [F(1, 170)=10.53, p = .001, np° = .058].

379



Correlations: RT, MOCA, education, anxiety & depression

In young adults, Pearson’s correlation coefficient revealed a significant negative correlation between
RT and level of education [r = -.257, p=.020] but no significant correlation between RT and MOCA
score, depression (PHQ-9) or anxiety (GAD-7) [all p values > .05]. RT significantly positively
correlated with IIV [r =.739, p <.001]. Spearman’s rho (for Likert scale) revealed no significant
correlation between RT and perceived test difficulty [p > .05].

In older adults, Pearson’s correlation coefficient revealed no significant correlation between RT and
education level, MOCA score, MFQ, depression or anxiety [all p values > .05]. RT significantly
positively correlated with IV [r = .632, p <.001]. Spearman’s rho (for Likert scale) revealed no
significant correlation between RT and perceived test difficulty [p > .05].

Intraindividual variability: age comparison

A one-way ANOVA comparing variability of reaction time (IIV) and age group (older adults and
young adults) revealed a significant main effect of age; older adults produced greater variability of
reaction time compared to young adults [F(1, 170)= 13.63, p <.001, np” = .074].

Intraindividual variability , MOCA, education, anxiety & depression

In young adults, Pearson’s correlation coefficient revealed no significant correlation between
variability and education level, MOCA score, depression levels or anxiety levels [all p values > .05].
Spearman’s rho (for Likert scale) revealed no significant correlation between variability and
perceived test difficulty [p > .05].

In older adults, Pearson’s correlation coefficient revealed no significant correlation between IV and
MOCA, MFQ, depression levels or anxiety levels [all p values > .05]. Spearman’s rho (for Likert
scale) revealed no significant correlation between variability and perceived test difficulty [p > .05].

Correlations between factors

In young adults Pearson’s correlation coefficient revealed that depression level significantly
positively correlated with anxiety level; as depression levels increased, anxiety levels increased [r =
155, p <.001]. There was no significant correlation between MOCA and depression, anxiety or
education level respectively [all p values > .05]. Spearman’s rho revealed no significant correlation
between perceived test difficulty and education, MOCA, anxiety or depression [all p values > .05].

In old adults depression level significantly positively correlated with anxiety level [r = .547, p <
.001]. There was no significant correlation between MFQ score and MOCA, depression, anxiety or
education level [all p values > .05].
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Spearman’s Rho revealed a significant negative correlation between perceived test difficulty and
MOCA score [r =-.208, p = .049] and MFQ score [r =-.241, p = .022] but not with education,
depression or anxiety [all p values > .05].

Information processing speed: age and sex comparison

A two-way between-subjects ANOV A comparing RT for age (older and young) and sex (females
and males) revealed a significant main effect of age; older adults produced significantly slower RT in
compared to young adults [F (1,168) = 9.55, p =.002, np> = .054] and a significant main effect of
gender; females produced slower reaction times compared to males [F(1,168)=4.71, p=.031, np2 =
.027]. There was no significant age by gender interaction; reaction time for females and males in
older adults was not significantly different to reaction time for females and males in young adults
[F(1,168=1.17, p = .281, np*= .007].

Intraindividual Variability: age and sex comparison

A two-way between-subjects ANOV A comparing IIV for age (older and young) and sex (females
and males) revealed a significant main effect of age; older adults produced significantly greater IIV
in compared to young adults [F (1,168) = 13.35, p <.001, np” = .074] but there was no significant
main effect of sex; the difference in IIV between females and males was not significant
[F(1,168)=.546, p = .461, np2 =.003] nor was there an age by sex interaction; variability of reaction
time for females and males in older adults was not significantly different to reaction time for females
and males in young adults [F(1,168)=.014, p = .907, np>=.00].

CHOICE PARAMETRIC TESTING

Demographics

An independent samples t test revealed no significant difference in mean education or MOCA score
between young and old adult groups [p > .05]. PHQ score was significantly greater for the young
group compared to the older group [t(df151)=-4.98, p< .001, 95% confidence interval [CI] lower = -
4.16; Upper = -1.80; effect size (Cohen’s d)=-0.81] and GAD score was significantly greater for the
young group compared to the older group [t(151)=-4.87, p<.001, 95% confidence interval [CI]
lower = -3.87; Upper = -1.64; effect size (Cohen’s d)=-0.79].

Information processing speed: age comparrison

A one-way ANOVA comparing mean RT between age (young adults and older adults) revealed a
significant main effect of age; older adults produced significantly slower mean RT compared to the
younger adults [F (1,159) = 59.39, p <.001, np*= .272].
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Correlations: Reaction time, MOCA, education, MFQ, anxiety & depression

In young adults Pearson’s correlation coefficient revealed a significant positive correlation between
RT and I1V; as reaction time increased, variability also increased [r = .706, p< .001]. There was no
significant correlation between RT and education, MOCA, depression level (PHQ-9) or anxiety level
(GAD-7) [all p values > .05]. Spearman’s rho revealed no significant correlation between perceived
test difficulty and reaction time [p > .05].

In older adults Pearson’s correlation coefficient revealed a significant positive correlation between
RT and IIV; as reaction time increased, variability also increased [ r = .698, p< .001]. There was no
significant correlation between RT and education, MOCA, MFQ, depression level (PHQ-9) or
anxiety level (GAD-7) [all p values > .05]. Spearman’s rho revealed no significant correlation
between perceived test difficulty and reaction time [p > .05].

Intraindividual Variability: age comparison

Analysis of variance ANOVA comparing variability of reaction time (IIV) between age (young
adults and older adults) revealed a significant main effect of age; older adults produced greater
variability of reaction time compared to young adults [F(1, 159)=27.51, p <.001, np* = .148].

Intraindividual Variability, MOCA, education, anxiety & depression

In young adults Pearson’s correlation coefficient revealed that there was a significant positive
correlation between IIV and MOCA score [r = -.283, p=.017]. There was no significant correlation
between IV and education, depression or anxiety [all p values > .05]. Spearman’s rho revealed no
significant correlation between perceived test difficulty and variability [p > .05].

In older adults Pearson’s correlation coefficient revealed that there was no significant correlation
between IV and education, MOCA, MFQ, depression level or anxiety level [all p values > .05].
Spearman’s rho revealed no significant correlation between perceived test difficulty and reaction
time [p > .05].

Comparing factors: MOCA, MFQ, education, anxiety & depression

In young adults Pearson’s correlation coefficient revealed a significant positive correlation between
MOCA score and depression [r =.241, p=.043], a significant positive correlation between MOCA
score and anxiety [r = .253, p=.034] and a significant positive correlation between depression and
anxiety [r =.716, p< .001]. Spearman’s rho revealed no significant correlation between perceived
test difficulty and education, MOCA score, anxiety or depression [all p values > .05].
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In older adults Pearson’s correlation coefficient revealed a significant negative correlation between
MEFQ score and education [r = -.242, p=.032] and depression [r = - .301, p=.007] There was a
significant positive correlation between depression level and anxiety level [r = .531, p< .001].
Spearman’s rho revealed a significant negative correlation between perceived test difficulty and
MEFQ [r =-.389, p <.001] but there was no significant correlation between perceived test difficulty
and education, MOCA, anxiety or depression [all p values > .05].

Comparison of age between blocks

A two way mixed ANOVA comparing age group (older and young) and block number (block 1, 2, 3
and 4) revealed no significant main effect of block number on reaction time overall [F (2.69, 477) =
1.26, p = .289, np” = .008] but a significant main effect of age group; older adults were significantly
slower compared to young adults [F (1, 159) = 85.47, p < .001, np2 =.350] and a significant
interaction of block number and age group; older adults were significantly slower across all four
blocks compared to young adults [F (2.69, 477) = 9.40, p < .001, np*= .056].

A two way mixed ANOVA revealed no significant main effect of block number on reaction time
variability overall [F (3, 477) =2.14, p = .095, an =.013] but a significant main effect of age group;
older adults were significantly more variable compared to young adults [F (1, 159) = 29.58, p <.001,
np2 =.157] and a significant interaction of block number and age group; older adults were
significantly more variable across all four blocks compared to young adults [F (3,477)=5.77,p =
.001, np” = .035].

Information processing speed: age and sex comparison

A two-way between-subjects ANOVA comparing RT for age (older and young) and sex (females
and males) revealed a significant main effect of age; older adults produced significantly slower RT in
compared to young adults [F (1,157) = 55.0, p < .001, np*= .259] but there was no significant main
effect of sex; the difference in RT between females and males was not significant [F(1,157)=.442, p
=.507, np” = .003] nor was there a significant age and gender interaction; reaction time for females
and males in older adults was not significantly different to reaction time for females and males in
young adults [F(1,157)=.122, p = .727, np>= .001].

Intraindividual Variability: age and sex comparison

A two-way between-subjects ANOV A comparing IIV for age (older and young) and sex(females and
males) revealed a significant main effect of age; older adults produced significantly greater IIV in
compared to young adults [F (1,157) =27.64, p <.001, np2 =.150] but there was no significant main
effect of gender; the difference in IIV between females and males was not significant
[F(1,157)=.163, p=.687, np” = .001]. There was no significant age and gender interaction;
variability of reaction time for females and males in older adults was not significantly different to
reaction time for females and males in young adults [F(1,157)=.408, p = .524, np” = .003].
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Comparing Age and Sex across blocks: information processing speed

A two way mixed ANOVA comparing age group (older and young adults), sex (male and female)
and block number (block 1, 2, 3 and 4) revealed a significant main effect of age [F(1,157) = 80.08, p
<.001, np” = .338] but no significant main effect of block number [F(1,157) = 2.06, p = .110, np*=
.013] or sex [F(1,157) = .746, p = .389, np2 =.005] and no significant interaction of age and sex
[F(1,157) =.028, p = .868, np2 =.00]. There was a significant main effect of block number and age
[F (2.76,471)=9.8, p <.001, np2 =.059] and a significant interaction of block number and sex [F
(2.76, 471) = 6.79, p < .001, np* = .041] but no significant interaction of block number, sex and age
[F (2.76, 471) = .943, p = .414, np° = .006].

Comparing Age and Sex across blocks: Intraindividual Variability

A two way mixed ANOVA revealed a significant main effect of block number [F (3, 471)=2.74,p =
.043, np2 =.017] and a significant main effect of age [F (1, 157) = 28.1, p < .001, np2 =.152] but no
significant main effect of sex [F (1, 157) = .00, p = .989, np2 =.00]. There was no significant
interaction of age and sex [F (1, 157) =.001, p = .989, an =.00] or of block number and sex [F (3,
471) =2.17, p = .09, np” = .014] but there was a significant interaction of block number and age [F
(3,471) = 5.81, p = .001, np* = .036]. There was no significant interaction of block number, sex and
age [F (3, 471) =.985, p = .40, np” = .006].

MILO PARAMETRIC TESTING

Demographics

Independent t test analysis revealed no significant difference in mean education or MOCA score
between young and old adult groups [p > .05]. PHQ-9 depression score was significantly greater for
the young group compared to the older group [t(df136)=-4.98, p < .001, 95% confidence interval
[CI] lower = -4.47; Upper = -1.93; effect size (Cohen’s d) = -0.86] and GAD-7 anxiety score was
significantly greater for the young group compared to the older group [t(df136)=-4.43, p <.001,
95% confidence interval [CI] lower = -3.70; Upper = -1.42; effect size (Cohen’s d) = -0.77].
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Comparison of age and sex

RT 1

ANOVA comparing reaction time of the first ball between age (older and young adults) and sex(male
and female) revealed a significant main effect of age; older adults were significantly slower
compared to young adults [F (1, 134) = 17.39, p < .001, np° = .115] but no significant main effect of
sex; no significant difference in RT 1 between males and females [F (1, 134) =.877, p = .351, np’ =
.007] nor a significant interaction of age and sex [F (1, 134) = .956, p = .330, np” = .007].

RT 8 -1

ANOVA comparing overall reaction time between age (older and young adults) and sex(male and
female) revealed a significant main effect of age; older adults were significantly slower compared to
young adults [F (1, 134) = 68.35, p <.001, np” = .338] but no significant main effect of sex; no
significant difference between males and females [F (1, 134) = 3.21, p =.075, np2 =.023] nor a
significant interaction of age and sex [F (1, 134) = 1.62, p = .205, np* = .012].

Reaction time, MOCA, MFQ, perceived test difficulty, education, anxiety and
depression

In young adults, Pearson’s correlation coefficient revealed no significant correlation between MOCA
and RT 1 or RT 8 minus RT1 [all p values > .05]. Spearman’s rho revealed no significant correlation
between perceived test difficulty and RT 1 or RT 8 minus RT1 [all p values > .05]. There was no
significant correlation between education and RT 1 or RT 8minus 1 [all p values > .05]. there was no
significant correlation between anxiety and RT 1 or RT 8minus 1 [all p values > .05]. No significant

correlation between depression and RT 1 or RT 8minus 1 [all p values > .05].

In older adults, there was no significant correlation between MOCA and RT1 but revealed a
significant negative correlation between RT8 minus RT1 and MOCA score [r =-.277, p=.013,
didn’t survive bonferroni correction p = .078]. There was no significant correlation between MFQ
score and RT 1 or RT 8minus 1 [all p values > .05]. Spearman’s rho revealed no significant
correlation between perceived test difficulty and RT 1 or RT 8minus 1 [all p values > .05]. There was
no significant correlation between education and RT 1 or RT 8minus 1 [all p values > .05]. In older
adults there was no significant correlation between anxiety and RT 1 or RT 8minus 1 [all p values >
.05]. There was no significant correlation between depression and RT 1 or RT 8minus 1 v[all p

values > .05].
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Intraindividual Variability
v 1

ANOVA comparing reaction time variability of the first ball between age (older and young adults)
and sex(male and female) revealed a significant main effect of age; older adults were significantly
more variable compared to young adults [F (1, 134) =21.90, p <.001, np® = .140] but no significant
main effect of sex; no significant difference in RT 1 variability between males and females [F (1,
134) =1.11, p = .293, np2 = .008] nor a significant interaction of age and sex [F (1, 134) =.022,p =
883, np” = .00].

lv8 -1

ANOVA comparing overall reaction time variability between age (older and young adults) and
sex(male and female) revealed no significant main effect of age; older adults no more variable
compared to young adults [F (1, 134) = 2.45, p=.120 np*=.018] and no significant main effect of
sex; no significant difference between males and females [F (1, 134) =1.84, p = .178, np2 =.014] nor
a significant interaction of age and sex [F (1, 134) =.012, p=.912, np” = .00].

Correlations: Variability, MOCA, MFQ, perceived test difficulty

In young adults, Pearson’s correlation coefficient revealed no significant correlation between MOCA
and IIV1, or IIV 8 minus IIV1 [all p values > .05]. Spearman’s rho revealed no significant
correlation between perceived test difficulty and IIV1, or IIV 8 minus IIV1 [all p values > .05].
There was no significant correlation between education and IIV1, or IIV 8 minus IIV1 [all p values >
.05]. There was no significant correlation between anxiety and IIV1, or IIV 8 minus IIV1 [all p
values > .05]. There was no significant correlation between depression and IIV1 or IIV 8minus IIV1

[all p values > .05].
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In older adults, Pearson’s correlation coefficient revealed no significant correlation between MOCA
and IIV1, or IIV 8 minus IIV1 [all p values > .05] but a significant negative correlation between
MOCA and IIV8 minus 1 [r=-.245, p =.029, didn’t survive bonferroni correction p = .174]. There
was a significant negative correlation between MFQ and IIV1 [r = - .224, p = .029, didn’t survive
bonferroni correction p = .186] IIV8 minus IIV1 [p > .05]. Spearman’s rho revealed no significant

correlation between perceived test difficulty and IIV1, or IIV 8 minus IIV1 [all p values > .05].

There was no significant correlation between education and IIV1, or IIV 8 minus I[IV1 [all p values >
.05]. There was a significant positive correlation between anxiety and IIV1[r = .224, p = .046, didn’t
survive bonferroni correction p = .276] but not with IIV8 minus IIV1 [ p > .05]. There no significant

correlation between depression and IIV1, or IIV 8 minus I[IV1 [all p values > .05].
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APPENDIX R

Correlations between tests

In older adults, mean RT for TMT Trails B significantly positively correlated with
mean RT of Trails A [r =.682, p <.001] and with Simple RT [r = .228, p = .041].
The TMT and the Simple RT were considered poorer attention tests i.e. less sensitive
to RT differences between young and older adults as both tests produced small effect
sizes. In the MILO the first response (RT1) significantly positively correlated with
overall performance excluding the first response (RT8-RT1) [r =.391, p <.001]. The
MILO was considered more sensitive to RT differences. There were no significant

correlations between tests for IIV.

In young adults, TMT Trails A significantly positively correlated with Simple RT [r
=.309, p =.009] and MILO RT8-RT1 [r =.259, p = .05]. TMT Trails B significantly
positively correlated with Trails A [r =.363, p =.002], Simple RT [r=.321, p =
.006] and MILO RT8-RT1 [r = .406, p = .002]. Simple RT significantly positively
correlated with MILO RT8-RT1 [r =.277, p = .035]. MILO RT]1 significantly
positively correlated with Choice RT [r = .447, p < .001]. TMT and Simple RT were
considered less sensitive tests (small effect sizes) and MILO was considered more
sensitive (large effect sizes). As with older adults the poorer tests correlated together
and the ‘best’ tests correlated together but also poorer tests correlated with ‘best’
tests. For IIV only MILO IIV1 positively correlated with Choice RT [r =.368, p =
.004]. Both tests produced high effect sizes so considered more sensitive to ageing

effects.

Finding correlations between tests support research that there is likely to be some
correlation between any test of RT although this will depend on what aspect of brain

function the RT is related to.
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